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3. List of abbreviations 
ACI Autologous Chondrocyte Implantation 

ACL Anterior Cruciate Ligament 

AMIC Autologous Matrix-Induced Chondrogenesis 

CI Confidence Interval (95%) 

ECM Extracellular matrix 

FCL Focal Cartilage Lesion 

GAG Glycosaminoglycan 

HR Hazard Ratio 

ICRS International Cartilage Regeneration & Joint Preservation Society 

KA Knee Arthroplasty 

KL Kellgren Lawrence 

KOOS Knee injury and Osteoarthritis Outcome Score 

MACI Matrix-induced Autologous Chondrocyte Implantation 

MSC Mesenchymal stem cell 

NICE National Institute for Health and Care Excellence - UK 

NSAID Non-steroid anti-inflammatory drug 

OAT Osteochondral Autologous Transplantation (Mosaicplasty) 

OR Odds Ratio 

PRP Platelet rich plasma 

QoL Quality of Life 

VAS Visual Analogue Scale 

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index 

 

  

8 
 

3. List of abbreviations 
ACI Autologous Chondrocyte Implantation 

ACL Anterior Cruciate Ligament 

AMIC Autologous Matrix-Induced Chondrogenesis 

CI Confidence Interval (95%) 

ECM Extracellular matrix 

FCL Focal Cartilage Lesion 

GAG Glycosaminoglycan 

HR Hazard Ratio 

ICRS International Cartilage Regeneration & Joint Preservation Society 

KA Knee Arthroplasty 

KL Kellgren Lawrence 

KOOS Knee injury and Osteoarthritis Outcome Score 

MACI Matrix-induced Autologous Chondrocyte Implantation 

MSC Mesenchymal stem cell 

NICE National Institute for Health and Care Excellence - UK 

NSAID Non-steroid anti-inflammatory drug 

OAT Osteochondral Autologous Transplantation (Mosaicplasty) 

OR Odds Ratio 

PRP Platelet rich plasma 

QoL Quality of Life 

VAS Visual Analogue Scale 

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index 

 

  

8 
 

3. List of abbreviations 
ACI Autologous Chondrocyte Implantation 

ACL Anterior Cruciate Ligament 

AMIC Autologous Matrix-Induced Chondrogenesis 

CI Confidence Interval (95%) 

ECM Extracellular matrix 

FCL Focal Cartilage Lesion 

GAG Glycosaminoglycan 

HR Hazard Ratio 

ICRS International Cartilage Regeneration & Joint Preservation Society 

KA Knee Arthroplasty 

KL Kellgren Lawrence 

KOOS Knee injury and Osteoarthritis Outcome Score 

MACI Matrix-induced Autologous Chondrocyte Implantation 

MSC Mesenchymal stem cell 

NICE National Institute for Health and Care Excellence - UK 

NSAID Non-steroid anti-inflammatory drug 

OAT Osteochondral Autologous Transplantation (Mosaicplasty) 

OR Odds Ratio 

PRP Platelet rich plasma 

QoL Quality of Life 

VAS Visual Analogue Scale 

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index 

 

  

8 
 

3. List of abbreviations 
ACI Autologous Chondrocyte Implantation 

ACL Anterior Cruciate Ligament 

AMIC Autologous Matrix-Induced Chondrogenesis 

CI Confidence Interval (95%) 

ECM Extracellular matrix 

FCL Focal Cartilage Lesion 

GAG Glycosaminoglycan 

HR Hazard Ratio 

ICRS International Cartilage Regeneration & Joint Preservation Society 

KA Knee Arthroplasty 

KL Kellgren Lawrence 

KOOS Knee injury and Osteoarthritis Outcome Score 

MACI Matrix-induced Autologous Chondrocyte Implantation 

MSC Mesenchymal stem cell 

NICE National Institute for Health and Care Excellence - UK 

NSAID Non-steroid anti-inflammatory drug 

OAT Osteochondral Autologous Transplantation (Mosaicplasty) 

OR Odds Ratio 

PRP Platelet rich plasma 

QoL Quality of Life 

VAS Visual Analogue Scale 

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index 

 

  

8 
 

3. List of abbreviations 
ACI Autologous Chondrocyte Implantation 

ACL Anterior Cruciate Ligament 

AMIC Autologous Matrix-Induced Chondrogenesis 

CI Confidence Interval (95%) 

ECM Extracellular matrix 

FCL Focal Cartilage Lesion 

GAG Glycosaminoglycan 

HR Hazard Ratio 

ICRS International Cartilage Regeneration & Joint Preservation Society 

KA Knee Arthroplasty 

KL Kellgren Lawrence 

KOOS Knee injury and Osteoarthritis Outcome Score 

MACI Matrix-induced Autologous Chondrocyte Implantation 

MSC Mesenchymal stem cell 

NICE National Institute for Health and Care Excellence - UK 

NSAID Non-steroid anti-inflammatory drug 

OAT Osteochondral Autologous Transplantation (Mosaicplasty) 

OR Odds Ratio 

PRP Platelet rich plasma 

QoL Quality of Life 

VAS Visual Analogue Scale 

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index 

 

  

8 
 

3. List of abbreviations 
ACI Autologous Chondrocyte Implantation 

ACL Anterior Cruciate Ligament 

AMIC Autologous Matrix-Induced Chondrogenesis 

CI Confidence Interval (95%) 

ECM Extracellular matrix 

FCL Focal Cartilage Lesion 

GAG Glycosaminoglycan 

HR Hazard Ratio 

ICRS International Cartilage Regeneration & Joint Preservation Society 

KA Knee Arthroplasty 

KL Kellgren Lawrence 

KOOS Knee injury and Osteoarthritis Outcome Score 

MACI Matrix-induced Autologous Chondrocyte Implantation 

MSC Mesenchymal stem cell 

NICE National Institute for Health and Care Excellence - UK 

NSAID Non-steroid anti-inflammatory drug 

OAT Osteochondral Autologous Transplantation (Mosaicplasty) 

OR Odds Ratio 

PRP Platelet rich plasma 

QoL Quality of Life 

VAS Visual Analogue Scale 

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index 

 

  

8 
 

3. List of abbreviations 
ACI Autologous Chondrocyte Implantation 

ACL Anterior Cruciate Ligament 

AMIC Autologous Matrix-Induced Chondrogenesis 

CI Confidence Interval (95%) 

ECM Extracellular matrix 

FCL Focal Cartilage Lesion 

GAG Glycosaminoglycan 

HR Hazard Ratio 

ICRS International Cartilage Regeneration & Joint Preservation Society 

KA Knee Arthroplasty 

KL Kellgren Lawrence 

KOOS Knee injury and Osteoarthritis Outcome Score 

MACI Matrix-induced Autologous Chondrocyte Implantation 

MSC Mesenchymal stem cell 

NICE National Institute for Health and Care Excellence - UK 

NSAID Non-steroid anti-inflammatory drug 

OAT Osteochondral Autologous Transplantation (Mosaicplasty) 

OR Odds Ratio 

PRP Platelet rich plasma 

QoL Quality of Life 

VAS Visual Analogue Scale 

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index 

 

  

8 
 

3. List of abbreviations 
ACI Autologous Chondrocyte Implantation 

ACL Anterior Cruciate Ligament 

AMIC Autologous Matrix-Induced Chondrogenesis 

CI Confidence Interval (95%) 

ECM Extracellular matrix 

FCL Focal Cartilage Lesion 

GAG Glycosaminoglycan 

HR Hazard Ratio 

ICRS International Cartilage Regeneration & Joint Preservation Society 

KA Knee Arthroplasty 

KL Kellgren Lawrence 

KOOS Knee injury and Osteoarthritis Outcome Score 

MACI Matrix-induced Autologous Chondrocyte Implantation 

MSC Mesenchymal stem cell 

NICE National Institute for Health and Care Excellence - UK 

NSAID Non-steroid anti-inflammatory drug 

OAT Osteochondral Autologous Transplantation (Mosaicplasty) 

OR Odds Ratio 

PRP Platelet rich plasma 

QoL Quality of Life 

VAS Visual Analogue Scale 

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index 

 

  

8 
 

3. List of abbreviations 
ACI Autologous Chondrocyte Implantation 

ACL Anterior Cruciate Ligament 

AMIC Autologous Matrix-Induced Chondrogenesis 

CI Confidence Interval (95%) 

ECM Extracellular matrix 

FCL Focal Cartilage Lesion 

GAG Glycosaminoglycan 

HR Hazard Ratio 

ICRS International Cartilage Regeneration & Joint Preservation Society 

KA Knee Arthroplasty 

KL Kellgren Lawrence 

KOOS Knee injury and Osteoarthritis Outcome Score 

MACI Matrix-induced Autologous Chondrocyte Implantation 

MSC Mesenchymal stem cell 

NICE National Institute for Health and Care Excellence - UK 

NSAID Non-steroid anti-inflammatory drug 

OAT Osteochondral Autologous Transplantation (Mosaicplasty) 

OR Odds Ratio 

PRP Platelet rich plasma 

QoL Quality of Life 

VAS Visual Analogue Scale 

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index 

 

  



9 
 

4. Abstract in English 
Background 
Focal cartilage lesions are common in knees. No treatment strategy for such lesions 

has been shown to be superior. Few studies have reported the long-term prognosis, and 

the risk of subsequent knee arthroplasty is unknown. 

Aims 
The aim of the studies was to evaluate the long-term patient-reported outcomes and the 

risk of subsequent knee arthroplasty in patients with focal cartilage lesions in the knee. 

Furthermore, to evaluate the patient-reported outcomes (PROM) after knee 

arthroplasty in patients with a history of focal cartilage lesions. 

Methods 
Patients with arthroscopically verified focal cartilage lesions in the knee and at least 

one patient-reported outcome, between 1999-2012 from six Norwegian hospitals were 

identified. The patients received a questionnaire regarding their current knee function, 

characteristics, any additional knee surgery, and Knee injury and Osteoarthritis 

Outcome score (KOOS). The patient cohort was linked to the Norwegian Arthroplasty 

Register (NAR) and any ipsilateral knee arthroplasty was registered. A matched cohort 

from NAR received the same questionnaires. 

Results 
Of the 516 eligible, 322 patients (328 knees) consented to participate in the cartilage 

cohort. The mean age at the time of arthroscopically verified cartilage lesion was 36.8 

years. The mean follow-up period for the cartilage cohort was 19.8 years. The 20-year 

cumulative risk of knee arthroplasty was 19.1%, which was significantly higher than 

that in the age-matched Norwegian general population. Surgical treatment of the lesion 

did not reduce the risk of later knee arthroplasty compared to non-surgical.  

Subsequent cartilage surgery had been performed in 17.7 % of the patients. Patients 

treated with autologous chondrocyte implantation had significantly higher KOOS QoL 

subscores (+18.2) and a lower risk (odds ratio 0.3) of treatment failure. A body mass 

index >25 was associated with a lower KOOS QoL subscore and a higher risk of knee 

arthroplasty.  
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Register (NAR) and any ipsilateral knee arthroplasty was registered. A matched cohort 

from NAR received the same questionnaires. 

Results 
Of the 516 eligible, 322 patients (328 knees) consented to participate in the cartilage 

cohort. The mean age at the time of arthroscopically verified cartilage lesion was 36.8 

years. The mean follow-up period for the cartilage cohort was 19.8 years. The 20-year 

cumulative risk of knee arthroplasty was 19.1%, which was significantly higher than 

that in the age-matched Norwegian general population. Surgical treatment of the lesion 

did not reduce the risk of later knee arthroplasty compared to non-surgical.  

Subsequent cartilage surgery had been performed in 17.7 % of the patients. Patients 

treated with autologous chondrocyte implantation had significantly higher KOOS QoL 

subscores (+18.2) and a lower risk (odds ratio 0.3) of treatment failure. A body mass 

index >25 was associated with a lower KOOS QoL subscore and a higher risk of knee 

arthroplasty.  
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Patients with knee arthroplasty with a history of focal cartilage lesions reported 

significantly lower KOOS subscores (Symptoms -8.4, Pain -11.8, and QoL -10.6) and 

had significantly lower odds of reaching the Patient Acceptable Symptoms State 

(PASS) for the KOOS subscores (odds ratio: Symptoms 0.4, Pain 0.3 and QoL 0.4) 

than the matched cohort. 

Conclusion 
At a mean 20-year follow-up, patients with previous focal cartilage lesions in the knee 

had a significantly increased risk of knee arthroplasty compared with the general 

population. Patients treated with ACI had significantly better PROM and lower odds of 

treatment failure than those without surgical cartilage treatment. At mid-term follow-

up, patients who underwent knee arthroplasty after a previous cartilage lesion had 

lower PROM scores and lower odds of reaching the PASS threshold than a matched 

cohort compared to the control group.  

Implications 
Focal cartilage lesions may significantly impair the quality of life. Improvement in 

knee function can be anticipated regardless of the treatment strategy; however, normal 

knee function following a symptomatic lesion is rarely achieved. Current treatment 

options do not seem to reduce the risk of knee arthroplasty and randomised control 

trials including an arm of sham surgery should be performed. Lowering body mass 

index appears to be the only modifiable risk factor for reducing the risk of poor 

treatment outcomes. Previous cartilage lesions predict poor outcomes, even after knee 

replacement surgery. These are important factors to consider in shared decision making 

regarding the choice of optimal treatment in patients with cartilage lesions.  
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5. Sammendrag 

Bakgrunn 

Fokale brusklesjoner er vanlige i kneet. Ingen av behandlingsmodaliteten for slike 

lesjoner er vist å være bedre enn andre. Få studier har rapportert den langsiktige 

prognosen, og risikoen for påfølgende kneprotesekirurgi er ukjent. 

Formål 

Kartlegge de langsiktige pasientrapporterte resultatene og risikoen for påfølgende 

kneprotesekirurgi hos pasienter med fokale brusklesjoner i kneet. Kartlegge 

pasientrapporterte resultater (PROM) etter kneprotesekirurgi hos pasienter med 

tidligere fokale brusklesjoner. 

Metode 

Pasienter med artroskopisk verifiserte fokale brusklesjoner i kneet, og minst ett 

pasientrapportert utkomme, operert mellom 1999-2012 ved seks norske sykehus, ble 

identifisert. Pasientene mottok et spørreskjema angående deres nåværende 

knefunksjon, karakteristika, eventuelle tilleggsoperasjoner i kneet og Knee injury and 

Osteoarthritis Outcome score (KOOS). Pasientkohorten ble koblet til Nasjonalt 

Register for Leddproteser (NRL) og eventuelle kneproteser på samme side ble 

registrert. En matchet kohort fra NRL mottok de samme spørreskjemaene. 

Resultater 

Av de 516 pasientene som ble identifisert, samtykket 322 pasienter (328 knær) til å 

delta i bruskohorten. Gjennomsnittsalderen ved tidspunktet for artroskopisk verifisert 

brusklesjon var 36,8 år. Gjennomsnittlig oppfølgingstid i bruskohorten var 19,8 år. 

Den 20-årige kumulative risikoen for kneprotese var 19,1 %, som var betydelig høyere 

enn i den aldersmatchede norske normalbefolkningen. Kirurgisk behandling av 

lesjonen reduserte ikke risikoen for senere kneprotesekirurgi sammenlignet med ikke-

kirurgisk behandling. 

Ytterligere bruskirurgi hadde blitt utført hos 17,7 % av pasientene. Pasienter behandlet 

med autolog kondrocyttimplantasjon (ACI) hadde signifikant høyere KOOS QoL 

delskår (+18,2) og lavere odds (odds ratio 0,3) for behandlingssvikt. 
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Kroppsmasseindeks (KMI) >25 var assosiert med lavere KOOS QoL delskår og 

høyere risiko for kneprotesekirurgi. 

Pasienter med kneprotesekirurgi med en historie med fokal brusklesjon rapporterte 

signifikant lavere KOOS delskår (Symptomer -8,4, Smerte -11,8, og QoL -10,6) og 

hadde signifikant lavere odds for å oppnå Pasient Akseptabelt Symptom Nivå (PASS) 

for KOOS delskårene (Odds ratio: Symptomer 0,4, Smerte 0,3 og QoL 0,4) enn den 

matchede kohorten. 

Konklusjon 

Etter gjennomsnittlig 20-års oppfølging hadde pasienter med tidligere fokale 

brusklesjoner i kneet signifikant økt risiko for kneprotesekirurgi sammenlignet med 

normalbefolkningen. Pasienter behandlet med ACI hadde signifikant bedre PROM og 

lavere odds for behandlingssvikt enn pasienter uten kirurgisk bruskbehandling. Ved 

oppfølgingen hadde pasienter med kneprotesekirurgi etter en tidligere brusklesjon 

lavere PROM-skårer og lavere odds for å nå terskelverdien for PASS. 

Konsekvenser 

Fokale brusklesjoner kan redusere livskvaliteten betydelig. Forbedring i knefunksjon 

kan forventes uavhengig av behandlingsstrategi, men normal knefunksjon oppnås 

sjelden. Nåværende behandlingsalternativer ser ikke ut til å redusere risikoen for 

senere kneprotesekirurgi. Å redusere KMI synes å være den eneste modifiserbare 

risikofaktoren for å redusere risikoen for dårligere behandlingsresultater. Tidligere 

brusklesjoner er assosiert med dårligere behandlingsresultater selv etter 

kneprotesekirurgi. Dette er viktige faktorer som gir felles beslutningsgrunnlag for 

pasient og behandler ved valg av optimal behandling for pasienter med brusklesjoner. 
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lavere odds for behandlingssvikt enn pasienter uten kirurgisk bruskbehandling. Ved 

oppfølgingen hadde pasienter med kneprotesekirurgi etter en tidligere brusklesjon 

lavere PROM-skårer og lavere odds for å nå terskelverdien for PASS. 

Konsekvenser 

Fokale brusklesjoner kan redusere livskvaliteten betydelig. Forbedring i knefunksjon 

kan forventes uavhengig av behandlingsstrategi, men normal knefunksjon oppnås 

sjelden. Nåværende behandlingsalternativer ser ikke ut til å redusere risikoen for 

senere kneprotesekirurgi. Å redusere KMI synes å være den eneste modifiserbare 

risikofaktoren for å redusere risikoen for dårligere behandlingsresultater. Tidligere 

brusklesjoner er assosiert med dårligere behandlingsresultater selv etter 

kneprotesekirurgi. Dette er viktige faktorer som gir felles beslutningsgrunnlag for 

pasient og behandler ved valg av optimal behandling for pasienter med brusklesjoner. 
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7. Introduction 
7.1 Cartilage 

7.1.1 Types of cartilage in the human body 
There are three types of cartilage in the adult human body1, with different 

biomechanical and structural features2. Elastic cartilage can be found in the trachea, 

earlobe, and epiglottis for instance1. The random orientation of elastin fibres provides 

tissue flexibility and shape2. Fibrocartilage can be found in intervertebral discs, 

tendons, menisci, and the symphysis1. This is the hardest cartilage and consists of 

more collagen type I and, to a lesser extent, collagen type II1, 3. It is avascular and 

aneural tissue. The most abundant type of cartilage in the human body1 and the focus 

of this thesis is hyaline cartilage. It is found in synovial joints and is often referred to 

as articular cartilage but can also be found in the nasal septum and costal cartilage. 

Hyalin cartilage is also the base of bone formation in embryo1. It is an aneural and 

avascular tissue consisting of less than 5% chondrocytes and more than 95% 

extracellular matrix (ECM)2. Collagen type II is the most abundant type of collagen in 

hyaline cartilage1.  
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Fig 1. Schematic drawing of the different structural layers of full-thickness articular 

cartilage showing different compositions and component organisation. Reprinted from 

Cartilage: From Biology to Biofabrication, Springer Verlag with permission. 

 

7.1.2 Physiology of normal articular cartilage 

Articular cartilage is the highly specialized connective tissue of synovial joints. To 

provide a smooth, lubricated surface for articulation and to facilitate the transmission 

of loads with a low frictional coefficient is the key function4. It is divided into the 

superficial-, the middle-, the deep-, and the calcified zones at the border to the 

subchondral bone. The superficial layer is in contact with the synovial fluid and plays 

an important role in withstanding the sheer, tensile and compression forces imposed on 

the joint surface4. The middle zone embodies approximately 50% of cartilage volume 

and bridges the superficial and deep layers. The deep zone resists most of the 

compressive forces and is separated from the calcified layer by the tide mark. The 

calcified layer plays an important role in securing cartilage to the subchondral bone4. 

Owing to the avascular nature of cartilage, it is dependent upon motion and 

mechanical loading to facilitate fluid containing nutrients and molecules to move into 

the cartilage from the synovial fluid5.  
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The ECM in articular cartilage is a complex protein network that provides a structural 

scaffold and cartilage with unique properties6. Collagen fibrils are a major part of the 

ECM, accounting for approximately 2/3 of the dry weight of the adult articular 

cartilage. Collagen fibrils display different molecular organisations and orientations 

depending on their location in the cartilage. At the joint surface, they run parallel to the 

surface, whereas at deeper zones, the fibrils are thicker and perpendicular to the 

surface7. Articular cartilage contains several types of collagen, dominated by type II. 

Type XI, and IX are other important collagens almost exclusively found in cartilage8. 

The thickness of collagen fibrils increases through the layers of cartilage, with the 

deep layer having the thickest fibrils4. The different types of collagen form a complex 

architectural network that is difficult to recreate after osteochondral trauma7. 

Another key component of the ECM is proteoglycans which consist of a core protein 

surrounded by glycosaminoglycan (GAG) chains6 and is via glycoproteins9 kept in 

place by the collagen network8. GAGs are also found in other tissues of the human 

body. One of the most studied proteoglycans is aggrecan which together with link 

protein and hyaluronan forms the aggrecan-hyaluronan network. This network 

immobilises negatively charged ions, resulting in an osmotic process that absorbs 

water into cartilage tissue6, 10. This is a crucial part of cartilage’s ability to absorb and 

distribute mechanical loads. 

The most important cell type in cartilage is the chondrocyte which is highly 

metabolically active and plays a key role in the development, maintenance, and repair 

of ECM4. The cellular organisation of cartilage is consistent between different types of 

joints, with only minor variations due to mechanical loading11. In the superficial layer 

of articular cartilage, chondrocytes are relatively abundant and oriented parallel to the 

surface as flattened and elongated cells that produce hyaluronic acid to lubricate the 

joint. Chondrocytes in the middle zone are rounder and produce ECM components, 

such as aggrecan and type II collagen. In the deeper layer, chondrocytes are more 

scarce and larger, with a hypertrophic appearance at the tide mark11. Chondrocytes are 

surrounded by a pericellular matrix consisting of proteoglycans and glycoproteins 

which are contained by collagen fibrils that also involve type IV collagen4, 7. The 
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pericellular matrix does not allow chondrocyte migration to adjacent areas and cell-to-

cell contact is rare. Chondrocytes respond to stimuli, such as growth factors, 

mechanical loading and hydrostatic pressure4. As collagen is long-lasting, with a half-

life of 100 years, chondrocytes are mostly involved in the homeostasis of GAGs5. 

Approximately 80% of the weight of cartilage consists of water, and most resides in 

the interfibrillar ECM. The relative water concentration decreases from approximately 

80% in the superficial zone to 65% in the deep zone, and its main function is the 

transport of nutrients and inorganic ions to the cells, as well as lubrication4. The ability 

of cartilage to withstand extensive loads is dependent on the high frictional resistance 

and pressurisation of water in ECM4. 

7.1.3 Epidemiology of focal cartilage lesions of the knee 
Focal cartilage lesions (FCLs) are one or more well-delineated lesions surrounded by 

the normal cartilage. There might be several causes of a FCL, such as trauma, 

degeneration, and osteochondritis dissecans. Degenerative lesions usually have poorly 

defined borders and are part of generalised degenerative progression (osteoarthritis) of 

the joint. FCLs is a common finding in knee arthroscopies of any cause. In a large 

cohort of more than 25 000 patients undergoing knee arthroscopy, Widuchowski et 

al.12 found a cartilage lesion in 60% of knees, 67% of which were classified as focal 

lesions. Twelve percent of the lesions were full-thickness lesions. The findings of 

Widuchowski et al.12 concur with those of Curl et al.13 in a large database study from 

the US. In Norway, both Hjelle et al14 and Aroen et al.15 reported cartilage lesions in 

1000 consecutive knee arthroscopies. Cartilage lesions of any kind were found in 61% 

and 66% of arthroscopies, respectively, and full-thickness lesions were found in 10% 

and 11%, respectively.  

Ding et al. found cartilage lesions in 44% of MRIs scans obtained from a cohort of 372 

healthy individuals from Australia16. The participants were 26-61 years old, and the 

lesions varied from partial to full thickness16. These findings concur with another study 

of asymptomatic women, 30-49 years old, with cartilage lesions found in 53.5% of the 

knees17. Furthermore, Zanetti et al.18 found cartilage lesions in 25% of asymptomatic 

knees, with more than 50% of the lesions being full-thickness. Even in younger 
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patients, asymptomatic lesions can be found. In a study of 76 patients (age 15-27) with 

a history of contralateral knee injury, Whittaker et al19. found cartilage injuries in 4.2% 

of the asymptomatic knees. Cartilage lesions appear to be even more frequent in young 

athletes. Pappas20 found cartilage abnormalities in 75% of the knees on pre-seasonal 

MRI in a cohort of 24 college basketball players.  

In 2015, Engen et al.21 reported the incidence of cartilage surgeries in Norway between 

2008 and 2011. A National incidence of 56/100 000 inhabitants was found, and nearly 

400 cartilage restorative/reparative cartilage surgeries were performed annually. 

 

7.1.3 Clinical presentation of focal cartilage lesions 
Although some focal cartilage lesions may remain asymptomatic, as described in the 

previous paragraph, others can be detrimental to knee function. Symptoms can arise in 

patients with or without a history of trauma. The most common symptoms are pain, 

intermittent swelling, crepitus, and mechanical symptoms such as popping, clicking, 

catching, and locking. The latter symptoms suggest instability of the lesion or the 

presence of loose bodies. 

In 2010 Heir et al22 presented as study comparing KOOS in patients scheduled for 

cartilage surgery to preoperative KOOS in ACL and knee arthroplasty patients. They 

found that the KOOS QoL subscore in cartilage patients was similar to the subscore in 

knee arthroplasty patients and worse than the subscore in ACL patients. However, the 

other KOOS sub-scores were better in cartilage patients. The KOOS QoL subscore of 

27 reported by Heir et al. was similar to that reported by other authors, such as 

Wondrasch et al23, and Saris et al24. 

7.2 Osteoarthritis 

7.2.1 Pathophysiology of osteoarthritis 
Osteoarthritis is characterised by the progression of cartilage loss, calcification of the 

cartilage, subchondral bone changes, synovia inflammation, and osteophyte 

formation5. It may cause significant disability and is the most common joint disorder 

in the adult population. Currently, there is no available treatment that can reverse 
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a history of contralateral knee injury, Whittaker et al19. found cartilage injuries in 4.2% 

of the asymptomatic knees. Cartilage lesions appear to be even more frequent in young 

athletes. Pappas20 found cartilage abnormalities in 75% of the knees on pre-seasonal 

MRI in a cohort of 24 college basketball players.  

In 2015, Engen et al.21 reported the incidence of cartilage surgeries in Norway between 

2008 and 2011. A National incidence of 56/100 000 inhabitants was found, and nearly 

400 cartilage restorative/reparative cartilage surgeries were performed annually. 
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previous paragraph, others can be detrimental to knee function. Symptoms can arise in 

patients with or without a history of trauma. The most common symptoms are pain, 

intermittent swelling, crepitus, and mechanical symptoms such as popping, clicking, 

catching, and locking. The latter symptoms suggest instability of the lesion or the 

presence of loose bodies. 

In 2010 Heir et al22 presented as study comparing KOOS in patients scheduled for 

cartilage surgery to preoperative KOOS in ACL and knee arthroplasty patients. They 

found that the KOOS QoL subscore in cartilage patients was similar to the subscore in 

knee arthroplasty patients and worse than the subscore in ACL patients. However, the 

other KOOS sub-scores were better in cartilage patients. The KOOS QoL subscore of 

27 reported by Heir et al. was similar to that reported by other authors, such as 

Wondrasch et al23, and Saris et al24. 
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osteoarthritic changes. Mechanical overload mediated by increased load on the joint 

surface or loss of protective mechanisms, such as muscle atrophy or joint instability, is 

the leading cause of osteoarthritis25. Genetic factors are also important contributors in 

osteoarthritis, but mostly in hip osteoarthritis and less in the knee26. The osteoarthritic 

process is believed to begin with the loss of negatively charged GAGs with increased 

water content as a result. This leads to swelling of the matrix and cartilage surface 

fibrillation which progresses to deeper fissures and exposes the deeper layer of the 

joint cartilage. Furthermore, chondrocytes undergo phenotypic changes, including a 

catabolic state and gene expression of proteinases that degrade collagen type II and 

aggrecan5. Even a small amount of collagenolysis can cause irreversible cartilage 

injury27. The resulting damage-associated molecular patterns (DAMP) also induce 

inflammation and release of proinflammatory cytokines in the adjacent synovium. 

Synovitis negatively influences chondrocyte function and appears to be an important 

factor in the development of osteoarthritis5. 

Several changes in bone morphology have been observed in osteoarthritis. Typically, 

increased cortical plate thickness, osteophyte formation, flattening of the joint contour, 

and loss of the subchondral trabecular bone can be found28. An increased cortical plate 

thickness reduces the shock-absorbing capability of the subchondral bone. This 

increases the load forces on the cartilage, adding to the overload and aggravating the 

osteoarthritis process5. Microcracks appear in the osteochondral junction, allowing 

blood vessels to invade the calcified layer of the cartilage, and bioactive factors to be 

exchanged between the cartilage and subchondral bone28. This process leads to 

hypertrophic differentiation of chondrocytes, resulting in the thickening of the 

calcified layer and further thinning of the cartilage5, 28. 

7.2.2 Risk factors for knee arthroplasty in the general population 

Knee arthroplasty is the most common treatment for symptomatic end-stage 

osteoarthritis. Several risk factors for requiring knee replacement have been identified. 

Inflammatory joint diseases such as rheumatoid arthritis and psoriatic arthropathy are 

known to increase the risk of knee replacement. Apold et al29 reported the risk of knee 

arthroplasty due to primary osteoarthritis in the general Norwegian population. 
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Elevated BMI was identified as the most important risk factor, with a more than 6 

times and 11 times elevated risk of knee replacement for men and women, 

respectively, with a BMI >27.3 compared to patients with normal weight. Furthermore, 

heavy manual labour increased the risk compared with sedentary work. High body 

height was also found to be a risk factor independent of BMI. The findings of Apold et 

al29 are consistent with those of a review and meta-analysis by Blagojevic et al30 

looking at risk factors for knee osteoarthritis, although the effect of BMI was 

substantially lower in their study. Blagojevic also identified previous knee trauma, 

older age, female sex, and poor mental health as risk factors for symptomatic 

osteoarthritis. Both meniscal and ACL injuries are associated with an increased risk of 

symptomatic osteoarthritis and subsequent knee replacement31, 32. 

7.3 Patient reported outcomes 

7.3.1 Introduction 
Traditionally, outcomes of surgical procedures have been reported empirically with 

variables such as complications and the risk of needing further surgery. Since the early 

1980s, the importance of patient-reported outcome measures (PROM) has been 

recognised33. PROMs offer insights into the patients’ view of their health, well-being, 

and satisfaction pre- and post-surgery, providing a more comprehensive evaluation of 

surgical outcomes beyond clinical measures alone. Several knee-specific PROMs have 

also been developed. In this section, the most widely used knee PROMs are discussed. 

7.3.2 Lysholm/Tegner 

The Lysholm score was first introduced in 198233 and revised into its current version 

in 198534. It consists of eight questions: limp, support, locking, instability, pain, 

swelling, stair climbing, and squatting. The maximal score is 100, indicating high knee 

function. It is commonly used in combination with the Tegner Activity Score. The 

Lysholm score has been validated for a variety of knee conditions, including focal 

cartilage lesions35, but has not been validated in patients with osteoarthritis, despite its 

frequent use. The questionnaire is usually completed in a short time owing to a few 

questions, and the patient burden is thus considered low36. No floor or ceiling effect 
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has been reported, but the test-retest reliability is less than adequate in patients with 

mixed pathologies of the knee36. 

7.3.3 Western Ontario and McMaster Universities Osteoarthritis Index 

(WOMAC) 
WOMAC was introduced in 1982 as a PROM for patients with knee- or hip-

osteoarthritis36. It has been revised several times, and the current version is version 

3.1. It consists of 3 subscales (pain, stiffness, and physical function) with a total of 24 

questions. Higher scores indicated worse pain, stiffness, and function. The current 

version is available on a 5-point Likert, a 100 mm visual analogue scale, and an 11-

box numerical rating scale version. Despite being available only at pay per use directly 

from the developer, Prof. Bellamy, the questionnaire has been widely used. It has been 

validated for use in knee and hip osteoarthritis, but has also been used in other knee 

conditions such as ligamentous injuries and cartilage injuries36. Both floor and ceiling 

effects have also been reported36. 

7.3.4 Oxford Knee Score (OKS) 
The Oxford knee score was introduced in 1998 as a questionnaire for knee 

replacement patients37. It was later modified to the current version with a score ranging 

from 0 to 48, with the latter being the best score38. The questionnaire is patient 

administrated with 12 questions, each of which was assigned a score between 0 and 4. 

It has been validated for use in knee osteoarthritis and arthroplasty, with adequate test-

retest reliability37. Although OKS has not been validated for other knee conditions, it 

has been used for conditions as ligamentous injuries, fractures, and chondral lesions38, 

39. No floor or ceiling effect were found40. 

7.3.5 Cincinnati knee rating system 

The modified Cincinnati knee rating scale was originally introduced in 1990 as a 

modification of the Noyes knee rating scale41. It consists of eight sections (Pain, 

Swelling, Giving way, overall activity level, Walking, Stairs, Running, Jumping, or 

twisting) and has a maximum score of 100, constituting excellent knee function. It has 

been validated in patients with ACL, with no floor effect and a moderate ceiling 

effect42. Marx et al. also validated it in a population with various knee conditions43. 
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Other authors have further modified the Cincinnati score; however, to the best of our 

knowledge, they have not validated the modified versions44. 

7.3.6 Knee Injury and Osteoarthritis Outcome Score (KOOS) 
The KOOS was developed in 1995 to meet the need for a PROM covering several 

types of knee injuries and including osteoarthritis45. KOOS contains WOMAC 3.0 

questions and the WOMAC score can thus be extracted from the KOOS score. The 

questionnaire is comprehensive, patient-administered, and contains five subscores with 

a total of 42 questions. The score ranges from 0 (worst) to 100 (excellent knee 

function). The scores of each sub-score (Symptoms, Pain, Activities of daily living 

(ADL), Sports/Recreations and Quality of Life (QoL)) are reported separately. A total 

KOOS score has never been validated. However, the use of the KOOS questionnaire 

with subscores has been validated in several knee conditions, such as cartilage 

injuries46, 47, ligamental injuries45, osteoarthritis45, and knee replacement48. Thus, it can 

be used to evaluate not only the impact of injury on patient-reported knee function but 

also the long-term effects of osteoarthritis and knee arthroplasty. Age- and sex-

stratified normative values in the general population have been reported49, 50. The 

KOOS questionnaire exhibit good or adequate validity and responsiveness without 

floor- or ceiling effects36 

Several additional versions of the KOOS have been developed. The KOOS-Physical 

Function Short Form was published in 200851 and has been validated in patients with 

knee osteoarthritis52. The questionnaire consists of seven items derived from the 

KOOS ADL and Sport/rec sub-scores. The KOOS was found to not be well understood 

by children, and as a response, the KOOS-Child Questionnaire was developed in 

201253. The questionnaire contains the same five domains as the original KOOS, but 

only contains 39 questions, of which several have been highly modified. It has been 

validated in children and adolescents with knee disorders54.  

With 42 questions, the burden on KOOS respondents was substantial, and 

consequently, the KOOS 12-item short form was developed in 2019. It consists of four 

questions from the QoL subscore and eight questions from the Pain, ADL, and 

sport/rec subscores. It provides pain, function, and QoL subscores, and, contrary to the 
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original KOOS, a summary knee impact score can be estimated55. The 12-items short 

form has only been validated in patients with osteoarthritis and knee arthroplasty55. 

 

7.3.7 International Cartilage Regeneration & Joint Preservation Society (ICRS) 

score 
The International Cartilage Regeneration Score was introduced in a spring letter in 

1998. This has never been validated and has gained little recognition. Few studies have 

used the questionnaire in patient follow-up and usually only the Pain score is reported 

as a VAS 0-10015, 56. 

7.3.8 International Knee Documentation Committee (IKDC) Subjective Knee 

Evaluation Form 
The patient administered IKDC Subjective Knee Evaluation Form that was first 

published in 2001 as a revision of the IKDC standard evaluation form developed in 

199336, 57. It contains 18 items in three domains: symptoms (7), daily function and 

sports participation (10), and current knee function (1). The score from each item is 

summarised as a total score ranging from to 0-100, where 100 represents the best score 

with no knee-related symptoms or limitations of activity. The IKDC form has been 

validated for several knee conditions, such as ligamentous, cartilage, and meniscal 

injuries as well as osteoarthritis57, 58. The IKDC subjective score has been found to 

have good or adequate validity, responsiveness, and test-retest reliability without floor 

or ceiling effects59. As with KOOS, the IKDC subjective form has not been well 

understood among children, and a Pedi-IKDC subjective form was thus introduced and 

validated in 201160. 

 

7.4 Treatment of focal cartilage lesions 
When a patient presents with a symptomatic focal cartilage lesion in the knee, 

numerous operative and non-operative treatments are available. The treatment strategy 

depends on the symptoms, patient preferences, and extent of cartilage damage. In 

order to be able to compare different treatment strategies classification systems are 
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needed. Cartilage lesions can be classified based on either MRI or peroperative 

findings.  

7.4.1 Classification of cartilage lesions 
Several systems have been proposed for classifying focal cartilage lesions during 

surgery. The two most frequently used cartilage classification systems are described in 

this section. Outerbridge published a classification of peroperative findings in 

chondromalacia patella in 196161. This classification was later adopted for use in any 

cartilage lesion of the knee62. Outerbridge consists of four groups: Grade 0 represents 

normal cartilage, grade I is characterized by softening and swelling of the cartilage, 

grade II is characterized by fragmentation and fissuring of an area less than 0.5 inches 

in diameter, grade III is the same as grade II but larger than 0.5 inches and grade IV is 

lesions extending down to bone61.  

The International Cartilage Repair Society (ICRS) was founded in 1997, and the 

cartilage classification was developed by a working group published in 199863. The 

ICRS classification consists of five grades. Grade 0 indicates a normal cartilage. Grade 

1-nearly normal, refers to softening of the cartilage (A) or superficial fissures (B). 

Grade 2-Abnormal, is lesions extending down to <50% of the cartilage thickness. 

Grade 3-Severely abnormal, lesions extending down > 50% of the cartilage thickness 

(A), down to the calcified layer (B), and down to the subchondral bone (C) or cartilage 

blisters (D). Grade 4-Severely abnormal consists of lesions extending down in the 

subchondral bone63. Although the ICRS classification is comprehensive and some 

studies have questioned interobserver reliability, several studies have demonstrated 

good intra- and interobserver reliability64. 
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Fig 2. ICRS Classification of the severity of cartilage lesions. Reprinted with 

permission from the ICRS. 

The FCL size is usually measured using a standard 4 mm arthroscopic probe or ruler65, 

66. There seems to be a slight but acceptable tendency to overestimate FCL size in 

arthroscopic surgery compared with open arthrotomy65. Moderate to good 

intraobserver and interobserver reliabilities have been demonstrated for size 

measurement using either an arthroscopic probe or a ruler66. 
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7.4.2 Non-operative treatment 

Non-operative treatment of focal cartilage lesions includes painkillers such as NSAIDs 

for symptom relief, physiotherapy, intra-articular injections of drugs, blood-derived 

products such as PRP, or stem cells.  

Conservative treatment of osteoarthritis with exercise treatment is well documented. 

Several studies have demonstrated meaningful effects on improving symptoms and 

function, as documented in a Cochrane review in 201567. However, there is limited 

evidence of exercise treatment for focal cartilage lesions. As early as 1996, Messner et 

al68 claimed to demonstrate good/excellent results at 14 years follow-up in 28 athletes 

with non-surgically treated FCL. However, 19 of the patients had received treatment 

such as Pridie drilling, shaving, or removal of loose bodies. Widuchowski et al69 

presented a study with 15 years of follow-up of 37 patients with arthroscopically 

verified Outerbridge 3-4 lesions of 2-4 cm2. Most of the patient had symptom debut 

after a knee trauma. Good to excellent patient-reported outcomes were observed, with 

Lysholm and WOMAC scores comparable to those reported after cartilage surgery. 

These findings may indicate that not all cartilage injuries require surgery. Currently, 

only one published study has evaluated the effectiveness of a physiotherapy-guided 

physical training program for treating patients with focal cartilage injuries. Wondrasch 

et al23 conducted a feasibility study of a 3-month active rehabilitation program in 48 

patients scheduled for cartilage surgery for a symptomatic full-thickness focal cartilage 

lesion. The participants had significant and clinically relevant improvements in the 

KOOS QoL subscore and IKDC score after concluding the rehabilitation program, and 

65% of the patients cancelled their scheduled cartilage surgeries. However, there is 

currently no consensus on the ideal rehabilitation program for patients with focal 

cartilage lesions.  

PRP injections have been mostly used and studied in the setting of osteoarthritis and, 

to a lesser extent, in focal cartilage lesions. PRP is not one single product, and three 

different production methods are available: blood filtration and plateletpheresis, 

single-spinning centrifugation, and double-spinning centrifugation70. This provides 

four different PRP categories: Pure PRP (P-PRP) with a low number of leukocytes; 
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Leukocyte-rich PRP (L-PRP) which contains more leukocytes as well as more platelets 

as P-PRP, Pure platelet-rich fibrin (P-PRF) obtained by double-spinning and is stiffer 

than P-PRP; and non-injectable leukocyte- and platelet-rich fibrin (L-PRF)70. 

Additionally, several different methods of PRP activation exist, and substantial 

variations in platelet concentration can be anticipated, even when using the same 

method70. Combining these factors makes it difficult to compare the results of previous 

studies on the effectiveness of PRP.  

 

Several in vitro studies have shown promising results with PRP treatment. PRP seems 

to stimulate chondrocytes to synthesise proteoglycans and collagen, possibly through 

growth factors such as platelet-derived growth factors (PDGF) and transforming 

growth factor beta (TGF-β)71. Furthermore, PRP stimulates stem cell proliferation and 

differentiation towards chondtrocytes71. However, clinical studies on PRP are of low 

quality and include relatively small cohorts of patients. Although some studies have 

demonstrated significantly better results with PRP in osteoarthritis or as an adjunct in 

FCL surgery, a review by Shahid et al70 and the NICE-guidelines72 from the NHS-

England concluded that there is no hard evidence of the clinically meaningful effects 

of PRP in cartilage patients. 

Intra-articular injections of hyaluronic acid (Hyaluran) have been available since the 

1990s and are mostly used in the setting of osteoarthritis. A large meta-analysis by a 

Canadian consensus group73 concluded that hyaluronic acid was safe and provided 

significantly better pain and functional outcomes than placebo. However, an increased 

risk of adverse effects has been observed. Furthermore, only two of the included 

reviews demonstrated clinically meaningful improvements compared with placebo. 

When including only higher-quality studies on hyaluronic acid, there seems to be no 

clinically relevant effect74, 75. 

7.4.3 Surgical treatment of focal cartilage lesions 

7.4.3.1 Cartilage repair 
The most inexpensive surgical treatment for FCL is chondroplasty or debridement. 

While the two terms are frequently inconsistent and interchangeably used, 
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chondroplasty most often only consist of smoothening of the surface with removal of 

loose cartilage flaps or fragments. On the other hand, debridement most often refers to 

removal of loose cartilage down to the subchondral bone to achieve stable edges of the 

lesion, thus converting the lesion to an ICRS 3 lesion. It can be used as a single 

procedure but is most often used as the first step in cartilage repair or inductive 

procedures. Chondroplasty and debridement can be performed using either a curette, 

shaver, or radiofrequency probe. Both procedures have been found to significantly 

improve IKDC and KOOS above the minimal clinical important difference76-78.  

Subchondral drilling was first popularised by Pridie in 195979. He proposed to drill 

holes “not too far apart” in the subchondral bone to promote the formation of fibro-

cartilage. This technique was modified and further popularised as microfracture (Mfx) 

by Steadman et al. in the 90s80. The first step of the microfracture technique is to 

debride the FCL down to the subchondral bone, removing the calcified layer and any 

loose cartilage. The edges of the lesion should be perpendicular to the surrounding 

healthy cartilage80, 81. Multiple holes or microfractures about 4 mm deep and 3-4 mm 

apart are then made in the exposed bone using an arthroscopic awl to allow bone 

marrow containing mesenchymal stem cells (Msc) to form a clot in the lesion80. This 

clot is thought to facilitate cartilage formation in defects. The Mfx procedure is one of 

the most commonly used procedures in cartilage surgery worldwide, and is considered 

the gold standard82. Mfx mostly produces fibrocartilage, although some hyaline-like 

cartilage is also found82. Steadman et al83 demonstrated excellent results after 

microfracture; however, concerns regarding the long-term results have been presented 

by several authors82, 84. Microfracture is mostly used for smaller lesions without 

subchondral bone defects85. In a review by Devitt et al84, microfracture were found to 

be comparable to or inferior to other cartilage treatments, such as mosaicplasty or ACI, 

but never superior.  

In 2005 Behrens et al86 presented a modification of Mfx using a matrix/membrane 

scaffold to contain the MCS-containing clot in the defect. This method is known as 

autologous matrix-induced chondrogenesis (AMIC). The authors recommend it for 

ICRS 4 lesions with a size of <1,5 cm2 in patients with a single FCL without any 
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rheumatoid arthritis, malalignment, or ligamentous deficiencies. However, this method 

has also been used for larger, full-thickness lesions. Debridement of the lesion and 

microfracture or drilling is performed before the defect is covered by a collagen 

membrane using fibrin glue. Originally, the AMIC procedure was performed as an 

open surgery; however, arthroscopic techniques were later developed87. Significant 

clinical improvements have been demonstrated after the AMIC procedure88 but seems 

not to be superior to microfracture89 or ACI90. 

7.4.3.2 Transplantation of osteochondral grafts 
The transplantation of osteochondral grafts can be used to fill chondral or 

osteochondral lesions. Both allograft as well as autograft can be utilised.  

Osteochondral Autologous Transplantation (OAT), commonly referred to as 

mosaicplasty, was described by Bobic91 in 1996 and further popularised by Hangody et 

al. in 199792. Mosaicplasty can be performed as open or arthroscopic surgery. After 

debridement of the lesion, 15 mm deep osteochondral cylinders are harvested from the 

less weight-bearing edges of the trochlea. The chondral lesions is then prepared with a 

drill of the same diameter as the harvested grafts, and the osteochondral grafts firmly 

embedded in the lesion. This usually results in–60-70% filling of the defect with 

hyaline cartilage and 30-40% fibrocartilage (between the grafts)92. Donor-site chondral 

defects usually heal with fibrocartilage. Owing to the limited availability of donor 

sites, mosaicplasty is not recommended for lesions measuring > 4 cm2 93. Good clinical 

results can be achieved in the short term; however, there are concerns regarding the 

long-term results94. 

Osteochondral allograft (OCA) was first reported by McDermott in 198595. Its 

advantage over autografts is that there is no donor site morbidity, and graft availability 

for larger defects is thus not a problem. Technically, the procedure is performed as 

mosaicplasty, but the graft size can be substantially larger. Chondrocyte viability was 

demonstrated for forty-five days, but decreased substantially after twenty-eight days 

when stored in a culture medium at 4oC96. The disadvantages of OCA include the risk 

of transmitting diseases and high financial burden97. Currently, OCA is not available in 

Norway. In a review by Familiari et al.97, the OCA graft survival rate was 87% at five 
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years, declining to 73% at 15-years. Furthermore, a reoperation rate of 30% was 

found, but overall significant improvements in PROM could be expected. 

7.4.3.3 Chondroinductive techniques 
Autologous Chondrocyte Implantation (ACI) was first reported by Lars Peterson, and 

Mats Brittberg et al. in 199498. ACI consist of two surgeries. In the first (arthroscopic) 

surgery, the chondral lesion is evaluated, and chondral biopsies are taken in a less 

weight-bearing area of healthy cartilage. The chondral biopsies are then minced and 

treated with collagenase to isolate chondrocytes. The chondrocytes are cultivated in 

the lab for 2-3 weeks before the second (open) surgery. A debridement of the lesion is 

then performed before covering the lesion with a periosteum-flap sutured to the 

surrounding cartilage. The cultivated chondrocytes are then injected in the defect. ACI 

with periosteum-flap are commonly referred to as 1st generation ACI. The ACI 

treatment has since been modified. In 1st generation ACI, there was a problem with 

periosteal hypertrophy; thus a 2nd generation ACI where the periosteum flap was 

replaced with a collagen membrane was developed. The membrane/matrix used in the 

later generation of ACI was the same as that used in the previously described AMIC 

procedure. The initial results of 2nd generation were comparable to the 1st generation, 

but without the hypertrophy problem99. Later a 3rd generation ACI, referred to as 

Matrix-Induced Autologous Chondrocyte Implantation (MACI), was developed. In 

MACI, chondrocytes are injected into a collagen matrix, which facilitates a more even 

distribution of chondrocytes in the defect99. However, no randomised trials have 

demonstrated the superiority of MACI over 1st or 2nd generation ACI. Regardless of 

the generation used, several studies have suggested that good short-term and long-term 

clinical outcomes can be expected after ACI surgery84, 99. 

8. Background for the thesis 
Focal cartilage lesions (FCL) in the knee are found in approximately 60% of 

arthroscopies of any reason12-14. Knee-related quality of life may be impaired at the 

same level in patients with FCL as in those with end-stage osteoarthritis22. However, 

FCLs can also be found on MRI scans of asymptomatic knees16, 18, 20. Hyalin cartilage, 

which covers the knee joint line, has little or no potential for self-healing100. Acute 
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FCL defects usually heal with fibrocartilage, which does not have the same 

biomechanical quality as that of hyaline cartilage. Several treatment options for 

symptomatic FCLs, both non-operative and operative, are available, as outlined in the 

previous chapter. No treatment has been proven to be consistently superior, and the 

optimal treatment is still controversial84, especially in the longer-term. No treatment 

has been able to reliably restore the normal hyaline cartilage100. Furthermore, the 

ability to reduce the risk of later osteoarthritis has not yet been demonstrated in any 

available treatment of FCLs. 

Patients with a history of knee surgery have been reported to be significantly younger 

at the time of knee arthroplasty than those in the general population101. The risk of KA 

after ACL surgery has been reported to be as high as 40% within 35 years102. Several 

long-term cartilage surgery studies have reported that some of the included patients 

later received KA103-105; however, the incidence of KA and its risk factors remain 

unknown.  

Patient-Reported Outcome Measures (PROM) after knee arthroplasty in patients with 

ACL deficiency appear to be comparable to those in patients with primary 

osteoarthritis102. Few studies106, 107 have reported patient-reported outcomes after knee 

arthroplasty in individuals with a previous FCL. However, these studies have several 

limitations, such as a small number of participants and only including patients treated 

with microfracture or the inclusion of patients with concomitant meniscal allografts. 

This limits their external validity and overall quality. The results of knee arthroplasty 

in patients with a previous FCL are thus largely unknown. 

9. Objectives of the thesis 
The overall aim of this thesis was to evaluate the long-term results in Norway after an 

arthroscopically verified FCL in the knee and to estimate the risk of subsequent knee 

arthroplasty surgery. Furthermore, to evaluate the results of knee arthroplasty in 

patients with a previous FCL. 

The specific aims of each study were as follows: 
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Paper 1: 

1. To evaluate the long-term cumulative risk of knee arthroplasty in patients with 

arthroscopically verified focal cartilage lesions of the knee.  

2. To investigate the risk factors for knee arthroplasty in patients with previous 

cartilage lesions. 

3. Estimate the relative risk of knee arthroplasty in patients with arthroscopically 

verified focal cartilage lesions compared to the risk in the general population. 

 

Paper 2: 

1. To evaluate the long-term patient-reported outcomes of arthroscopically verified 

FCL in the knee with Knee injury and Osteoarthritis Outcome Score (KOOS) 

Quality of Life (QoL) subscore. 

2. To examine the need for subsequent cartilage surgery. 

3. Identification of risk factors for treatment failure after an FCL. 

4. Compare long-term patient reported outcomes and risk of treatment failure after 

different treatment options, including non-operative treatment of FCL. 

 

 

Paper 3: 

1. To examine patient-reported results of knee arthroplasty following a focal 

cartilage lesion. 

2. To compare these results with those of a matched national cohort of patients 

with knee arthroplasty. 

 

10. Materials and methods 
The large language model of paperpal.com has been used to grammatically proofread 

the thesis and improve the wording, but not to generate any text. The entire thesis is 

the work of the author. 
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the thesis and improve the wording, but not to generate any text. The entire thesis is 

the work of the author. 
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Patient cohort 

Patients with arthroscopically verified focal cartilage lesions in the knee, treated 

surgically at one of six Norwegian hospitals between 1999-2012 were invited to 

participate in these studies. The six hospitals were: Haraldsplass Deaconess Hospital, 

St Olavs Hospital, University Hospital of North Norway, Martina Hansens Hospital, 

Oslo University Hospital and Akershus University Hospital. These hospitals were 

chosen because they had conducted or participated in several prospective cartilage 

studies during the study period. The inclusion and exclusion criteria for the cartilage 

cohort were as follows. 

Inclusion:  

· Minimum 18 years of age at the time of cartilage surgery 

· Arthroscopically verified and classified focal cartilage lesion of the knee 

· At least one PROM was documented at the time of the surgery. 

Exclusion: 

· Any cartilage lesion classified by the surgeon as osteoarthritis at the time of 

surgery. 

· “Kissing-lesion” (FCL on both proximal and distal part of the same joint 

compartment) 

Eligible patients were identified from previous research protocols as well as from the 

surgical administrative system at each hospital. As PROMs are not routinely registered 

in cartilage surgery at most hospitals, we anticipated that most eligible patients would 

have been included in at least one clinical cartilage study. From the surgical report or 

previous trial data, the following information was registered: any prior cartilage 

surgery; the location, size, and ICRS classification of the FCL; the type of cartilage 

procedure; any additional procedures; and the preoperative PROM. Patients registered 

as emigrated or deceased in the Norwegian Population Register were excluded from 

the study. Written consent was obtained from each patient prior to inclusion in the 

present studies. Each patient received by post a questionnaire regarding their present 

knee function, level of activity, any additional ipsilateral knee surgery weight, height, 
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and education level. The PROMs used at the index cartilage surgery were the pain 

VAS from the ICRS, Lysholm, and KOOS scores. The participants received the same 

PROM as that registered at the time of the index surgery. Additionally, all the included 

patients were asked to report their present KOOS scores. Final follow-up was 

performed between 6th of March and 31st of December 2020. Differences in baseline 

data between the included patients and those who did not consent to participate in the 

present study were examined using Student T-test and χ2-test as appropriate. 

 

The studies included in this thesis were approved by the regional ethics committee 

(2017/1387) before the inclusion of patients. The data were stored in a Microsoft 

Access database at the Helse Bergen Research Server. SPSS and Stata were used for 

statistical analysis. 

Power analysis: 

Power analysis was performed prior to inclusion. To achieve an 80% chance of 

detecting a 4-times higher risk of knee arthroplasty in the focal cartilage lesion cohort 

than in the general population, we needed to include at least 181 participants.  

A (before-after) difference of 10 units in the KOOS subscale was considered clinically 

significant. To have an 80% chance of detecting a significant (at the 2-sided 5% level), 

difference of 10 units in mean KOOS subscale values between the patient groups 

studied, with an assumed standard deviation of 20, 64 individuals in each group were 

required. 

Paper 1: 
All patients included in the cartilage cohort were included in Paper 1. The Norwegian 

Arthroplasty Register (NAR) has registered knee arthroplasty surgery in Norway from 

1994 and has documented a >95% completeness of reporting108. After any knee 

arthroplasty procedure, the surgeon files a report to the NAR. The report contains 

information on the identity and general health of the patient, any previous knee 

condition or procedure, the presumed reason for osteoarthritis, the type and brand of 

the knee replacement impant, and the type of fixation of the arthroplasty109. 
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Furthermore, any subsequent knee surgeries are also reported to NAR. In the present 

study, a patient was registered as having knee arthroplasty when their ipsilateral knee 

was registered in the NAR and/or the patient reported an ipsilateral knee arthroplasty 

in the questionnaire. Patients and their knees were identified based on their Norwegian 

11-digit identification numbers and laterality in both the cartilage cohort and the NAR. 

Population data were recorded using the Norwegian Population Register.  

Statistics:  

The risk of knee arthroplasty was assessed using the Kaplan-Meier method110, and Cox 

regression models were used to analyse the risk factors. A graphical causal model 

(www.dagitty.net/dags.html) was employed to determine the variables that required 

adjustment as recommended by Westreich and Greenland111. 

Preoperative Lysholm and ICRS VAS pain scores were documented for 185 and 114 

patients, respectively, and none of the patients had recorded >1 preoperative PROM. 

The Cox model's linear assumption was validated using the Box-Tidwell procedure for 

the preoperative VAS pain score. Survival times were calculated as the duration 

between cartilage surgery and knee arthroplasty or the conclusion of the study on 31 

December 2020. The proportional hazards assumption was met for all variables 

analysed, with the exception of the BMI group and ACL surgery (yes or no). Using a 

visual examination of the Kaplan-Meier plot, the two variables were individually 

assessed based on the duration of follow-up (< 12 or ≥ 12 years). Additionally, a subset 

of patients who did not undergo any concurrent procedures at the time of the index 

procedure was examined using the same Cox model as described previously. The 

relative risk of undergoing knee arthroplasty after cartilage injury compared to the risk 

in the age-matched general population was assessed. The absolute risk of knee 

arthroplasty in the cartilage injury cohort was calculated by dividing the number of 

knee arthroplasties by the total number of knees with cartilage injury in each age-

matched group. For the general population, the numerator was the number of all other 

patients undergoing knee arthroplasty without inflammatory arthritis or previous 

cartilage surgery, as reported to the NAR between 1 January 1999 and 31 December 

2020. The denominator was the average number of Norwegian citizens in the same 
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period, retrieved from the Norwegian Population Register. The results were stratified 

into 10-year groups based on the age at the time of knee arthroplasty. To aid the 

clinical interpretation of the relative risk of knee arthroplasty in the cartilage injury 

cohort as compared to the general population, we also stratified each 10-year age 

group at the time of knee arthroplasty according to at what age the patient underwent 

the index cartilage procedure. For the general population, the absolute risk was 

estimated as described in the previous paragraph. In the cartilage injury cohort, the 

numerator was the number of knee arthroplasties in each 10-year age group (at the 

time of cartilage surgery) and the denominator was the total number of patients with 

cartilage injury in the same age group. 

 

Paper 2: 
The same cohort as in paper 1 was included in this study. The primary outcome was 

KOOS-QoL subscore at the final follow-up. Failure was defined as a subsequent KA, 

osteotomy, or KOOS-QoL score <50 at the final follow-up. KOOS QoL <50 is 

generally considered to be the Patients Acceptable Symptom State (PASS) after 

cartilage surgery112.  

Patients who had undergone a KA or an osteotomy of the knee were excluded from the 

PROM analysis, but were included in the analysis of treatment failure.  

Multiple logistic regression models were used to identify risk factors for failure at the 

final follow-up, whereas multiple linear regression models were used to assess the 

factors influencing the KOOS-QoL score at the final follow-up. A Graphical Causal 

Model (www.dagitty.net/dags.html) was utilised to identify the variables that 

necessitated adjustment in the regression models, as proposed by Westreich 111. A 

subset of patients, excluding those with patellofemoral lesions, was analysed using the 

same model. The time since cartilage surgery was calculated as the time between the 

index cartilage surgery and the questionnaire follow-up in the KOOS analysis and the 

end of the study on 31 December 2020 for the failure analysis. A paired sample t-test 

was used to assess the difference in PROM-score preoperatively and at the final 

follow-up. 
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Paper 3: 
The 59 patients ( with 59 knees) from the cartilage cohort, who underwent subsequent 

knee arthroplasty, were eligible for this study. One patient was excluded because 

sufficient details regarding the arthroplasty surgery were not available. Thus, 58 

patients who underwent subsequent knee arthroplasty after previous FCL were 

included. 

A matched control group (1:3) was recruited from the NAR operated between 1994 

and 2020, constituting 174 eligible participants. Patients in the NAR registered as 

deceased, having rheumatoid arthritis, having had a previous FCL, having undergone 

any type of cartilage surgery, or having a previous multi-ligament injury were 

excluded prior to matching. The FCL group and the control group were then matched 

on the following variables: year of birth (+/−10 years), sex, primary or revision 

arthroplasty (and cause of revision), type of arthroplasty (total, unicondylar, or 

patellofemoral), year of arthroplasty surgery, and the type and producer of the knee 

replacement implant. Patients eligible for the control group received the same 

questionnaire as the cartilage cohort in addition to the KOOS. 

The demographic differences between the previous cartilage patients and the control 

group were evaluated using the Student T test and the χ2 test. Multiple linear 

regression models were employed to analyse the differences in KOOS sub-scores 

between the previous cartilage patients and the patients from the control group. The 

models were adjusted for the following variables: sex, age at the time of arthroplasty 

surgery, level of education, primary or revision arthroplasty, type of arthroplasty, body 

mass index (BMI) group, and any additional knee surgery before arthroplasty surgery, 

except cartilage surgery or purely diagnostic arthroscopy. The continuous variables in 

the model were evaluated and linear correlations were identified. Logistic regression 

models were utilized to estimate the odds ratio of not reaching the patient acceptable 

symptom state (PASS) for each KOOS subscore. These models were adjusted using 

the same variables as those in the multiple regression models. The PASS score for 
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KOOS subscores at 3 years follow‐up after knee arthroplasty reported by Connelly et 

al.113, with a threshold of a KOOS Symptoms score of 84.0, KOOS Pain 87.5, KOOS 

activities of daily living (ADL) 87.5, and KOOS QoL 66.0 was used. 

 

11. Results 
Of the 553 patients (563 knees) who were identified, 46 patients were registered as 

deceased or emigrated or did not have a valid postal address and were thus excluded. 

Five hundred and seven patients (516 knees) were eligible for the cartilage cohort in 

the present study, of which 322 patients (328 knees) consented to participate (referred 

to as responders). One hundred and sixty-four of those patients (169 knees) had 

participated in studies with previously published intermediate to long-term results94, 114, 

115. At the time of index cartilage surgery, the responders were 3.0 years older 

(p=0,002) compared to the non-responders. There were no statistically significant 

differences in FCL size, ICRS classification, preoperative PROM, or sex between the 

responders and the non-responders. 

The mean age at index cartilage surgery was 36,8 years and the mean duration of 

follow-up was 19.8 (CI 19.4-20.2) years. Most of the lesions were ICRS 3/4 (84.1%) 

and the mean size was 2.0 (CI 1.8-2.2) cm2. At the final follow-up, 59 patients (18%) 

had undergone KA surgery at mean 12,7 years after the index cartilage surgery. Four 

patients (1.2%) had undergone later femoral- or tibial-osteotomy. There were no 

patients with more than one category of preoperative PROM registered; 8.8% had 

KOOS-scores, 56.4% Lysholm-score and 34.8% ICRS Pain-VAS registered 

preoperatively. Most patients had a pre-enrolment weight-bearing radiograph which 

did not show any joint-space narrowing. The radiographs were, however, not available 

for the study group. 
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Fig 3. Flowchart illustrating the inclusion of the patients in the cartilage cohort of 

studies 1 and 2. 
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Table 1 Demographics and descriptive statistics of the 328 knees in 322 patients 
included in the cartilage cohort as presented in paper 1116  

 Frequency or mean* 
Knees 328 
Male/Female 188(57%)/140(43%) 
Right/left knee 173(53%)/154(47%) 
Age at the time of surgery  36.8 years (35.6, 38.0) 
Time from index surgery to end of study  19.8 years (19.4, 20.2) 
Cartilage lesion ICRS 1-2/ 3-4 52(16%)/276(84%) 
Size of cartilage lesion (mm2) 201.3 mm2(178.9, 223.7) 
Location of cartilage lesion 
- Patellofemoral 
- Medial 
- Lateral 

 
73 (22.3%) 
204 (62.2%) 
51 (15.5%) 

Type of treatment: 
- No cartilage treatment 
- Microfracture 
- Debridement 
- ACI 
- Mosaicplasty 
- Other 

 
93 (28.4%) 
124 (37.8%) 
10 (3.0%) 
30 (9.1%) 
53 (16.2%) 
18 (5.5%) 

Level of education: 
- High school 
- Bachelor/Master degree 

 
155 (47.3%) 
164 (50.0%) 

Body mass index (BMI) at end of study 
- <25 
- 25-29 
- ≥30 

27.4 (26.9, 27.9) 
100 (30.5%) 
137 (41.8%) 
75 (22.9%) 

ACL reconstruction in ipsilateral knee 
- At index surgery 
- Before or after index surgery 
- No 

50 (15.2%) 
15 (4.6%) 
35 (10.7%) 
278 (84.8%) 

Meniscal resection in ipsilateral knee 
- At index surgery 
- Before or after index surgery 
- No 

100 (30.5%) 
46 (14.0%) 
54 (16.5%) 
228 (69.5%) 

Osteotomy 4 (1.2%) 
Knee arthroplasty 
- Male  
- Female 

59 (18.0%) 
39 (16.0%) 
29 (20.7%) 

Knee arthroplasty (KA) 
- Total KA 
- Unicompartmental KA 
- Patellofemoral KA 

59 (18.0%) 
48 (81.4%) 
8 (13,6%) 
3 (5.1%) 

Age at the time of KA surgery 
- Male 
- Female 

 
56.4 (53.1-59.7) years 
51.9 (47.6-56.1) years 

Time(mean) from index cartilage surgery to KA 
- Male 
- Female 

 
13.9 (11.9-16.0) years 
11.4 (9.0-13.8) years 
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Paper 1: 
Patients with arthroscopically verified FCL in the knee had a 19.1% (CI 14.6-23.6) 20-

year cumulative risk of undergoing a KA procedure and a significantly increased risk 

of KA compared with the general population. The relative risk was particularly 

elevated in the younger population. The most important risk factors for knee 

arthroplasty were as follows: age >40 years at cartilage surgery (HR 3.7, CI 1.8, 7.7), 

overweight (HR 3.9, CI 1.7, 9.0) or obesity (HR 5.9, CI 2.4, 14.3), ICRS grade 3-4 

lesion (HR 3.1 CI 1.1, 8.7), ACI treatment of the FCL (HR 3.4, CI 1.0, 11.4) compared 

to no surgical treatment), and higher VAS of pain at index cartilage surgery (HR 1.1 CI 

1.0, 1.1). The size or location of the FCL did not significantly influence the risk of a 

subsequent knee arthroplasty. Neither did the patients’ sex or educational level, nor 

any concomitant ACL reconstruction or meniscal surgery.  

 

Fig 4. The incidence of Knee Arthroplasty in 1999-2020 in the cartilage cohort and the 

general Norwegian population pr 100 000. Age at the time of knee arthroplasty surgery. 
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Paper 2: 
Patients with FCL in the knee, without undergoing subsequent KA or osteotomy 

procedures, had significantly better PROM at a mean of 19.8 years follow-up than 

preoperatively. At the final follow-up, 162 knees (49.4%) were classified as treatment 

failures, 59 patients had received knee arthroplasty, 4 had undergone osteotomy 

surgery and 99 patients had KOOS QoL subscore <50. The most important risk factors 

were: BMI 25-29 (OR 2.0,  CI 1.1, 3.5 ) and BMI≥30 (OR 3.1, CI 1.6, 5.9), more than 

one cartilage lesion (OR 1.9, CI 1.1, 3.3), ICRS 3-4 lesions (OR 2.5, CI 1.3, 5.0) and 

lower level of education (OR 1.8, CI 1.1, 2.8). There were no statistically significant 

differences in mean KOOS-QoL subscore or the odds ratio of treatment failure 

between the non-surgically treated FCLs and the surgically treated lesions, except that 

ACI treatment was associated with significantly higher KOOS-QoL and decreased 

odds of treatment failure.  Subsequent cartilage surgery had been performed in 47 

(17,7%) knees as reported by the patients. 

 

 

Fig 5 Patient-reported outcome measures preoperatively at the time of index surgery and at 
the final follow-up. Bars presented with 95% confidence interval. ICRS VAS (Visual analogue 
scale) 100-no pain, 0-worst pain imaginable. N=Number of knees with this PROM registered 
preoperatively. 
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Paper 3: 

 

Fig 6. Flowchart illustrating the inclusion process of the cartilage cohort and the control 
cohort in paper 3. 117 

 

At an average of 8 years following knee arthroplasty, patients with a history of 

previous cartilage surgery demonstrated significantly lower scores for KOOS 

Symptoms (mean 8.4 points, CI 0.3, 16.4), Pain (mean 11.8 points, CI 2.2, 21.4), and 

QoL (mean 10.6 points, CI 0.2, 21.1) compared to the general population represented 

by a matched cohort from the NAR. Additionally, there were significantly lower odds 

of patients reaching the PASS threshold for the same KOOS subscores in the previous 

cartilage patients with Symptoms (OR 2.7, CI 1.2, 6.4), Pain (OR 3.0, CI 1.3, 7.0), and 

QoL (OR 2.4, CI 1.0, 5.5). 
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Fig 7. KOOS score at final follow-up for the arthroplasty patients from the cartilage cohort 
and the control group. Mean score with 95% confidence intervals. 

 

11. Discussion 

11.1 Study design 
The studies included in the present thesis were retrospective cohort studies. However, 

several other study designs are available. 

Randomised controlled trials (RCT) are at the highest levels of the scientific evidence 

pyramid and have been considered the gold standard for comparing treatments in 

medical science118. Randomisation ensures a more even distribution of potentially 

biasing factors between groups. However, RCTs also have several limitations, such as 

high cost, small sample size, and most often a shorter follow-up119. Owing to the strict 

inclusion criteria, concerns regarding the external validity of RCTs have been raised119. 

The reduced external validity of RCTs has also been demonstrated in cartilage 

patients120. Another problem in RCTs of cartilage patients is the choice of control 

treatment. Microfracture has been treated as the gold standard, despite the lack of 
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evidence for such a status, and has been used as the control group in several RCTs of 

newer treatment options82. To the best of our knowledge, there are no published RCTs 

comparing surgical treatment of cartilage lesions with non-operative treatment or sham 

surgery. 

Register-based studies have good external validity and several advantages in 

evaluating rare outcomes or side effects119, 121. One disadvantage is that the ability to 

adjust for confounding factors is limited by the variables registered119. Cartilage 

registries, such as the German Cartilage Registry (KnorpelRegister DGOU)122, 123, can 

be used to monitor outcomes after cartilage treatment. However, the KnorpelRegister 

only includes surgically treated lesions. Currently, there is no Norwegian Cartilage 

Registry. Any previous knee surgery should be reported to the Norwegian Arthroplasty 

Register (NAR); thus, NAR seems to be a good option for evaluating the risk of 

subsequent knee arthroplasty after an FCL. However, only 9 (15,3%) of the 59 patients 

with subsequent KA in the cartilage cohort of the present thesis were registered with 

previous cartilage surgery in the NAR. This suggests that NAR cannot be used to 

evaluate the risk of KA based on the indication for any previous knee surgery due to 

poor reporting completeness of this variable.  

In this thesis, we used a retrospective cohort design to have a better chance of 

recruiting an adequate number of patients for the long-term follow-up of patients with 

arthroscopically verified focal cartilage lesions. The retrospective design also has 

several limitations, including selection and recall bias, as well as the limited number of 

variables registered at the time of index surgery as the most important124. Selection 

bias refers to the possibility that the patients responding to the questionnaire might not 

be representative of those who did not want to participate in the present study. 

Furthermore, recall bias might have occurred in the study cohort, as patients who 

underwent surgical cartilage treatment might be more likely to remember any 

subsequent cartilage treatment than those in the non-surgically treated group. Our 

study was also limited by the variables registered at index cartilage surgery. 

Information regarding BMI and level of activity at the time of surgery would have 

been valuable. 

45 
 

evidence for such a status, and has been used as the control group in several RCTs of 

newer treatment options82. To the best of our knowledge, there are no published RCTs 

comparing surgical treatment of cartilage lesions with non-operative treatment or sham 

surgery. 

Register-based studies have good external validity and several advantages in 

evaluating rare outcomes or side effects119, 121. One disadvantage is that the ability to 

adjust for confounding factors is limited by the variables registered119. Cartilage 

registries, such as the German Cartilage Registry (KnorpelRegister DGOU)122, 123, can 

be used to monitor outcomes after cartilage treatment. However, the KnorpelRegister 

only includes surgically treated lesions. Currently, there is no Norwegian Cartilage 

Registry. Any previous knee surgery should be reported to the Norwegian Arthroplasty 

Register (NAR); thus, NAR seems to be a good option for evaluating the risk of 

subsequent knee arthroplasty after an FCL. However, only 9 (15,3%) of the 59 patients 

with subsequent KA in the cartilage cohort of the present thesis were registered with 

previous cartilage surgery in the NAR. This suggests that NAR cannot be used to 

evaluate the risk of KA based on the indication for any previous knee surgery due to 

poor reporting completeness of this variable.  

In this thesis, we used a retrospective cohort design to have a better chance of 

recruiting an adequate number of patients for the long-term follow-up of patients with 

arthroscopically verified focal cartilage lesions. The retrospective design also has 

several limitations, including selection and recall bias, as well as the limited number of 

variables registered at the time of index surgery as the most important124. Selection 

bias refers to the possibility that the patients responding to the questionnaire might not 

be representative of those who did not want to participate in the present study. 

Furthermore, recall bias might have occurred in the study cohort, as patients who 

underwent surgical cartilage treatment might be more likely to remember any 

subsequent cartilage treatment than those in the non-surgically treated group. Our 

study was also limited by the variables registered at index cartilage surgery. 

Information regarding BMI and level of activity at the time of surgery would have 

been valuable. 

45 
 

evidence for such a status, and has been used as the control group in several RCTs of 

newer treatment options82. To the best of our knowledge, there are no published RCTs 

comparing surgical treatment of cartilage lesions with non-operative treatment or sham 

surgery. 

Register-based studies have good external validity and several advantages in 

evaluating rare outcomes or side effects119, 121. One disadvantage is that the ability to 

adjust for confounding factors is limited by the variables registered119. Cartilage 

registries, such as the German Cartilage Registry (KnorpelRegister DGOU)122, 123, can 

be used to monitor outcomes after cartilage treatment. However, the KnorpelRegister 

only includes surgically treated lesions. Currently, there is no Norwegian Cartilage 

Registry. Any previous knee surgery should be reported to the Norwegian Arthroplasty 

Register (NAR); thus, NAR seems to be a good option for evaluating the risk of 

subsequent knee arthroplasty after an FCL. However, only 9 (15,3%) of the 59 patients 

with subsequent KA in the cartilage cohort of the present thesis were registered with 

previous cartilage surgery in the NAR. This suggests that NAR cannot be used to 

evaluate the risk of KA based on the indication for any previous knee surgery due to 

poor reporting completeness of this variable.  

In this thesis, we used a retrospective cohort design to have a better chance of 

recruiting an adequate number of patients for the long-term follow-up of patients with 

arthroscopically verified focal cartilage lesions. The retrospective design also has 

several limitations, including selection and recall bias, as well as the limited number of 

variables registered at the time of index surgery as the most important124. Selection 

bias refers to the possibility that the patients responding to the questionnaire might not 

be representative of those who did not want to participate in the present study. 

Furthermore, recall bias might have occurred in the study cohort, as patients who 

underwent surgical cartilage treatment might be more likely to remember any 

subsequent cartilage treatment than those in the non-surgically treated group. Our 

study was also limited by the variables registered at index cartilage surgery. 

Information regarding BMI and level of activity at the time of surgery would have 

been valuable. 

45 
 

evidence for such a status, and has been used as the control group in several RCTs of 

newer treatment options82. To the best of our knowledge, there are no published RCTs 

comparing surgical treatment of cartilage lesions with non-operative treatment or sham 

surgery. 

Register-based studies have good external validity and several advantages in 

evaluating rare outcomes or side effects119, 121. One disadvantage is that the ability to 

adjust for confounding factors is limited by the variables registered119. Cartilage 

registries, such as the German Cartilage Registry (KnorpelRegister DGOU)122, 123, can 

be used to monitor outcomes after cartilage treatment. However, the KnorpelRegister 

only includes surgically treated lesions. Currently, there is no Norwegian Cartilage 

Registry. Any previous knee surgery should be reported to the Norwegian Arthroplasty 

Register (NAR); thus, NAR seems to be a good option for evaluating the risk of 

subsequent knee arthroplasty after an FCL. However, only 9 (15,3%) of the 59 patients 

with subsequent KA in the cartilage cohort of the present thesis were registered with 

previous cartilage surgery in the NAR. This suggests that NAR cannot be used to 

evaluate the risk of KA based on the indication for any previous knee surgery due to 

poor reporting completeness of this variable.  

In this thesis, we used a retrospective cohort design to have a better chance of 

recruiting an adequate number of patients for the long-term follow-up of patients with 

arthroscopically verified focal cartilage lesions. The retrospective design also has 

several limitations, including selection and recall bias, as well as the limited number of 

variables registered at the time of index surgery as the most important124. Selection 

bias refers to the possibility that the patients responding to the questionnaire might not 

be representative of those who did not want to participate in the present study. 

Furthermore, recall bias might have occurred in the study cohort, as patients who 

underwent surgical cartilage treatment might be more likely to remember any 

subsequent cartilage treatment than those in the non-surgically treated group. Our 

study was also limited by the variables registered at index cartilage surgery. 

Information regarding BMI and level of activity at the time of surgery would have 

been valuable. 

45 
 

evidence for such a status, and has been used as the control group in several RCTs of 

newer treatment options82. To the best of our knowledge, there are no published RCTs 

comparing surgical treatment of cartilage lesions with non-operative treatment or sham 

surgery. 

Register-based studies have good external validity and several advantages in 

evaluating rare outcomes or side effects119, 121. One disadvantage is that the ability to 

adjust for confounding factors is limited by the variables registered119. Cartilage 

registries, such as the German Cartilage Registry (KnorpelRegister DGOU)122, 123, can 

be used to monitor outcomes after cartilage treatment. However, the KnorpelRegister 

only includes surgically treated lesions. Currently, there is no Norwegian Cartilage 

Registry. Any previous knee surgery should be reported to the Norwegian Arthroplasty 

Register (NAR); thus, NAR seems to be a good option for evaluating the risk of 

subsequent knee arthroplasty after an FCL. However, only 9 (15,3%) of the 59 patients 

with subsequent KA in the cartilage cohort of the present thesis were registered with 

previous cartilage surgery in the NAR. This suggests that NAR cannot be used to 

evaluate the risk of KA based on the indication for any previous knee surgery due to 

poor reporting completeness of this variable.  

In this thesis, we used a retrospective cohort design to have a better chance of 

recruiting an adequate number of patients for the long-term follow-up of patients with 

arthroscopically verified focal cartilage lesions. The retrospective design also has 

several limitations, including selection and recall bias, as well as the limited number of 

variables registered at the time of index surgery as the most important124. Selection 

bias refers to the possibility that the patients responding to the questionnaire might not 

be representative of those who did not want to participate in the present study. 

Furthermore, recall bias might have occurred in the study cohort, as patients who 

underwent surgical cartilage treatment might be more likely to remember any 

subsequent cartilage treatment than those in the non-surgically treated group. Our 

study was also limited by the variables registered at index cartilage surgery. 

Information regarding BMI and level of activity at the time of surgery would have 

been valuable. 

45 
 

evidence for such a status, and has been used as the control group in several RCTs of 

newer treatment options82. To the best of our knowledge, there are no published RCTs 

comparing surgical treatment of cartilage lesions with non-operative treatment or sham 

surgery. 

Register-based studies have good external validity and several advantages in 

evaluating rare outcomes or side effects119, 121. One disadvantage is that the ability to 

adjust for confounding factors is limited by the variables registered119. Cartilage 

registries, such as the German Cartilage Registry (KnorpelRegister DGOU)122, 123, can 

be used to monitor outcomes after cartilage treatment. However, the KnorpelRegister 

only includes surgically treated lesions. Currently, there is no Norwegian Cartilage 

Registry. Any previous knee surgery should be reported to the Norwegian Arthroplasty 

Register (NAR); thus, NAR seems to be a good option for evaluating the risk of 

subsequent knee arthroplasty after an FCL. However, only 9 (15,3%) of the 59 patients 

with subsequent KA in the cartilage cohort of the present thesis were registered with 

previous cartilage surgery in the NAR. This suggests that NAR cannot be used to 

evaluate the risk of KA based on the indication for any previous knee surgery due to 

poor reporting completeness of this variable.  

In this thesis, we used a retrospective cohort design to have a better chance of 

recruiting an adequate number of patients for the long-term follow-up of patients with 

arthroscopically verified focal cartilage lesions. The retrospective design also has 

several limitations, including selection and recall bias, as well as the limited number of 

variables registered at the time of index surgery as the most important124. Selection 

bias refers to the possibility that the patients responding to the questionnaire might not 

be representative of those who did not want to participate in the present study. 

Furthermore, recall bias might have occurred in the study cohort, as patients who 

underwent surgical cartilage treatment might be more likely to remember any 

subsequent cartilage treatment than those in the non-surgically treated group. Our 

study was also limited by the variables registered at index cartilage surgery. 

Information regarding BMI and level of activity at the time of surgery would have 

been valuable. 

45 
 

evidence for such a status, and has been used as the control group in several RCTs of 

newer treatment options82. To the best of our knowledge, there are no published RCTs 

comparing surgical treatment of cartilage lesions with non-operative treatment or sham 

surgery. 

Register-based studies have good external validity and several advantages in 

evaluating rare outcomes or side effects119, 121. One disadvantage is that the ability to 

adjust for confounding factors is limited by the variables registered119. Cartilage 

registries, such as the German Cartilage Registry (KnorpelRegister DGOU)122, 123, can 

be used to monitor outcomes after cartilage treatment. However, the KnorpelRegister 

only includes surgically treated lesions. Currently, there is no Norwegian Cartilage 

Registry. Any previous knee surgery should be reported to the Norwegian Arthroplasty 

Register (NAR); thus, NAR seems to be a good option for evaluating the risk of 

subsequent knee arthroplasty after an FCL. However, only 9 (15,3%) of the 59 patients 

with subsequent KA in the cartilage cohort of the present thesis were registered with 

previous cartilage surgery in the NAR. This suggests that NAR cannot be used to 

evaluate the risk of KA based on the indication for any previous knee surgery due to 

poor reporting completeness of this variable.  

In this thesis, we used a retrospective cohort design to have a better chance of 

recruiting an adequate number of patients for the long-term follow-up of patients with 

arthroscopically verified focal cartilage lesions. The retrospective design also has 

several limitations, including selection and recall bias, as well as the limited number of 

variables registered at the time of index surgery as the most important124. Selection 

bias refers to the possibility that the patients responding to the questionnaire might not 

be representative of those who did not want to participate in the present study. 

Furthermore, recall bias might have occurred in the study cohort, as patients who 

underwent surgical cartilage treatment might be more likely to remember any 

subsequent cartilage treatment than those in the non-surgically treated group. Our 

study was also limited by the variables registered at index cartilage surgery. 

Information regarding BMI and level of activity at the time of surgery would have 

been valuable. 

45 
 

evidence for such a status, and has been used as the control group in several RCTs of 

newer treatment options82. To the best of our knowledge, there are no published RCTs 

comparing surgical treatment of cartilage lesions with non-operative treatment or sham 

surgery. 

Register-based studies have good external validity and several advantages in 

evaluating rare outcomes or side effects119, 121. One disadvantage is that the ability to 

adjust for confounding factors is limited by the variables registered119. Cartilage 

registries, such as the German Cartilage Registry (KnorpelRegister DGOU)122, 123, can 

be used to monitor outcomes after cartilage treatment. However, the KnorpelRegister 

only includes surgically treated lesions. Currently, there is no Norwegian Cartilage 

Registry. Any previous knee surgery should be reported to the Norwegian Arthroplasty 

Register (NAR); thus, NAR seems to be a good option for evaluating the risk of 

subsequent knee arthroplasty after an FCL. However, only 9 (15,3%) of the 59 patients 

with subsequent KA in the cartilage cohort of the present thesis were registered with 

previous cartilage surgery in the NAR. This suggests that NAR cannot be used to 

evaluate the risk of KA based on the indication for any previous knee surgery due to 

poor reporting completeness of this variable.  

In this thesis, we used a retrospective cohort design to have a better chance of 

recruiting an adequate number of patients for the long-term follow-up of patients with 

arthroscopically verified focal cartilage lesions. The retrospective design also has 

several limitations, including selection and recall bias, as well as the limited number of 

variables registered at the time of index surgery as the most important124. Selection 

bias refers to the possibility that the patients responding to the questionnaire might not 

be representative of those who did not want to participate in the present study. 

Furthermore, recall bias might have occurred in the study cohort, as patients who 

underwent surgical cartilage treatment might be more likely to remember any 

subsequent cartilage treatment than those in the non-surgically treated group. Our 

study was also limited by the variables registered at index cartilage surgery. 

Information regarding BMI and level of activity at the time of surgery would have 

been valuable. 

45 
 

evidence for such a status, and has been used as the control group in several RCTs of 

newer treatment options82. To the best of our knowledge, there are no published RCTs 

comparing surgical treatment of cartilage lesions with non-operative treatment or sham 

surgery. 

Register-based studies have good external validity and several advantages in 

evaluating rare outcomes or side effects119, 121. One disadvantage is that the ability to 

adjust for confounding factors is limited by the variables registered119. Cartilage 

registries, such as the German Cartilage Registry (KnorpelRegister DGOU)122, 123, can 

be used to monitor outcomes after cartilage treatment. However, the KnorpelRegister 

only includes surgically treated lesions. Currently, there is no Norwegian Cartilage 

Registry. Any previous knee surgery should be reported to the Norwegian Arthroplasty 

Register (NAR); thus, NAR seems to be a good option for evaluating the risk of 

subsequent knee arthroplasty after an FCL. However, only 9 (15,3%) of the 59 patients 

with subsequent KA in the cartilage cohort of the present thesis were registered with 

previous cartilage surgery in the NAR. This suggests that NAR cannot be used to 

evaluate the risk of KA based on the indication for any previous knee surgery due to 

poor reporting completeness of this variable.  

In this thesis, we used a retrospective cohort design to have a better chance of 

recruiting an adequate number of patients for the long-term follow-up of patients with 

arthroscopically verified focal cartilage lesions. The retrospective design also has 

several limitations, including selection and recall bias, as well as the limited number of 

variables registered at the time of index surgery as the most important124. Selection 

bias refers to the possibility that the patients responding to the questionnaire might not 

be representative of those who did not want to participate in the present study. 

Furthermore, recall bias might have occurred in the study cohort, as patients who 

underwent surgical cartilage treatment might be more likely to remember any 

subsequent cartilage treatment than those in the non-surgically treated group. Our 

study was also limited by the variables registered at index cartilage surgery. 

Information regarding BMI and level of activity at the time of surgery would have 

been valuable. 



46 
 

11.2 Cartilage cohort 
In the present thesis, we recruited patients with arthroscopically verified FCLs of the 

knee who underwent surgery between 1999 and 2012. This timeframe was chosen for 

several reasons. First, we did not include patients who underwent surgery after 2012 in 

order to have a long-term follow-up. In long-term follow-up, there is always a risk that 

the treatment options used are no longer relevant as new treatment options have been 

introduced. In the 90’s several of the modern cartilage treatment options was 

introduced, as described in the introduction80, 92, 98. The surgical procedures most 

frequently used in the cartilage cohort of the present thesis, debridement, Mfx, ACI, 

and mosaicplasty, are still regarded as valid options125. 

Furthermore, during this period, the collaborating six Norwegian hospitals conducted 

or participated in several clinical cartilage studies15, 126-129. Participating in clinical 

studies might increase the level of detail recorded regarding FCL size and depth, as 

well as recording a PROM. However, recruiting participants from the previous studies 

may have decreased the external validity of our study120. Engen et al.21 identified 

10830 knee cartilage surgeries in Norway between 2008 and 2011 in a study from the 

Norwegian Patient Registry. Thus, our cohort of 321 patients may not be 

representative of the average Norwegian cartilage patients. However, the undetailed 

inclusion and exclusion criteria of our study resulted in a heterogeneous cohort, which 

may have increased external validity. 

There were no upper age limits in the inclusion criteria. Degenerative cartilage lesions 

and osteoarthritis occur more frequently in the older population. There is a risk of 

including patients with early osteoarthritis when participants over 50 years of age are 

included. Most patients in our cartilage cohort underwent preoperative radiography 

without radiographic signs of established osteoarthritis116. Further in Study 1, we also 

found a tendency, but not statistically significant, towards a decreased risk of KA in 

older patient groups compared to the age-matched general population116. A possible 

explanation is that older patients with an FCL have less cartilage changes than their 

peers at the same age. Thus, this finding might indicate that the treating surgeons’ 

classification of the cartilage lesions as non-degenerative was correct even in older 

patients. 

46 
 

11.2 Cartilage cohort 
In the present thesis, we recruited patients with arthroscopically verified FCLs of the 

knee who underwent surgery between 1999 and 2012. This timeframe was chosen for 

several reasons. First, we did not include patients who underwent surgery after 2012 in 

order to have a long-term follow-up. In long-term follow-up, there is always a risk that 

the treatment options used are no longer relevant as new treatment options have been 

introduced. In the 90’s several of the modern cartilage treatment options was 

introduced, as described in the introduction80, 92, 98. The surgical procedures most 

frequently used in the cartilage cohort of the present thesis, debridement, Mfx, ACI, 

and mosaicplasty, are still regarded as valid options125. 

Furthermore, during this period, the collaborating six Norwegian hospitals conducted 

or participated in several clinical cartilage studies15, 126-129. Participating in clinical 

studies might increase the level of detail recorded regarding FCL size and depth, as 

well as recording a PROM. However, recruiting participants from the previous studies 

may have decreased the external validity of our study120. Engen et al.21 identified 

10830 knee cartilage surgeries in Norway between 2008 and 2011 in a study from the 

Norwegian Patient Registry. Thus, our cohort of 321 patients may not be 

representative of the average Norwegian cartilage patients. However, the undetailed 

inclusion and exclusion criteria of our study resulted in a heterogeneous cohort, which 

may have increased external validity. 

There were no upper age limits in the inclusion criteria. Degenerative cartilage lesions 

and osteoarthritis occur more frequently in the older population. There is a risk of 

including patients with early osteoarthritis when participants over 50 years of age are 

included. Most patients in our cartilage cohort underwent preoperative radiography 

without radiographic signs of established osteoarthritis116. Further in Study 1, we also 

found a tendency, but not statistically significant, towards a decreased risk of KA in 

older patient groups compared to the age-matched general population116. A possible 

explanation is that older patients with an FCL have less cartilage changes than their 

peers at the same age. Thus, this finding might indicate that the treating surgeons’ 

classification of the cartilage lesions as non-degenerative was correct even in older 

patients. 

46 
 

11.2 Cartilage cohort 
In the present thesis, we recruited patients with arthroscopically verified FCLs of the 

knee who underwent surgery between 1999 and 2012. This timeframe was chosen for 

several reasons. First, we did not include patients who underwent surgery after 2012 in 

order to have a long-term follow-up. In long-term follow-up, there is always a risk that 

the treatment options used are no longer relevant as new treatment options have been 

introduced. In the 90’s several of the modern cartilage treatment options was 

introduced, as described in the introduction80, 92, 98. The surgical procedures most 

frequently used in the cartilage cohort of the present thesis, debridement, Mfx, ACI, 

and mosaicplasty, are still regarded as valid options125. 

Furthermore, during this period, the collaborating six Norwegian hospitals conducted 

or participated in several clinical cartilage studies15, 126-129. Participating in clinical 

studies might increase the level of detail recorded regarding FCL size and depth, as 

well as recording a PROM. However, recruiting participants from the previous studies 

may have decreased the external validity of our study120. Engen et al.21 identified 

10830 knee cartilage surgeries in Norway between 2008 and 2011 in a study from the 

Norwegian Patient Registry. Thus, our cohort of 321 patients may not be 

representative of the average Norwegian cartilage patients. However, the undetailed 

inclusion and exclusion criteria of our study resulted in a heterogeneous cohort, which 

may have increased external validity. 

There were no upper age limits in the inclusion criteria. Degenerative cartilage lesions 

and osteoarthritis occur more frequently in the older population. There is a risk of 

including patients with early osteoarthritis when participants over 50 years of age are 

included. Most patients in our cartilage cohort underwent preoperative radiography 

without radiographic signs of established osteoarthritis116. Further in Study 1, we also 

found a tendency, but not statistically significant, towards a decreased risk of KA in 

older patient groups compared to the age-matched general population116. A possible 

explanation is that older patients with an FCL have less cartilage changes than their 

peers at the same age. Thus, this finding might indicate that the treating surgeons’ 

classification of the cartilage lesions as non-degenerative was correct even in older 

patients. 

46 
 

11.2 Cartilage cohort 
In the present thesis, we recruited patients with arthroscopically verified FCLs of the 

knee who underwent surgery between 1999 and 2012. This timeframe was chosen for 

several reasons. First, we did not include patients who underwent surgery after 2012 in 

order to have a long-term follow-up. In long-term follow-up, there is always a risk that 

the treatment options used are no longer relevant as new treatment options have been 

introduced. In the 90’s several of the modern cartilage treatment options was 

introduced, as described in the introduction80, 92, 98. The surgical procedures most 

frequently used in the cartilage cohort of the present thesis, debridement, Mfx, ACI, 

and mosaicplasty, are still regarded as valid options125. 

Furthermore, during this period, the collaborating six Norwegian hospitals conducted 

or participated in several clinical cartilage studies15, 126-129. Participating in clinical 

studies might increase the level of detail recorded regarding FCL size and depth, as 

well as recording a PROM. However, recruiting participants from the previous studies 

may have decreased the external validity of our study120. Engen et al.21 identified 

10830 knee cartilage surgeries in Norway between 2008 and 2011 in a study from the 

Norwegian Patient Registry. Thus, our cohort of 321 patients may not be 

representative of the average Norwegian cartilage patients. However, the undetailed 

inclusion and exclusion criteria of our study resulted in a heterogeneous cohort, which 

may have increased external validity. 

There were no upper age limits in the inclusion criteria. Degenerative cartilage lesions 

and osteoarthritis occur more frequently in the older population. There is a risk of 

including patients with early osteoarthritis when participants over 50 years of age are 

included. Most patients in our cartilage cohort underwent preoperative radiography 

without radiographic signs of established osteoarthritis116. Further in Study 1, we also 

found a tendency, but not statistically significant, towards a decreased risk of KA in 

older patient groups compared to the age-matched general population116. A possible 

explanation is that older patients with an FCL have less cartilage changes than their 

peers at the same age. Thus, this finding might indicate that the treating surgeons’ 

classification of the cartilage lesions as non-degenerative was correct even in older 

patients. 

46 
 

11.2 Cartilage cohort 
In the present thesis, we recruited patients with arthroscopically verified FCLs of the 

knee who underwent surgery between 1999 and 2012. This timeframe was chosen for 

several reasons. First, we did not include patients who underwent surgery after 2012 in 

order to have a long-term follow-up. In long-term follow-up, there is always a risk that 

the treatment options used are no longer relevant as new treatment options have been 

introduced. In the 90’s several of the modern cartilage treatment options was 

introduced, as described in the introduction80, 92, 98. The surgical procedures most 

frequently used in the cartilage cohort of the present thesis, debridement, Mfx, ACI, 

and mosaicplasty, are still regarded as valid options125. 

Furthermore, during this period, the collaborating six Norwegian hospitals conducted 

or participated in several clinical cartilage studies15, 126-129. Participating in clinical 

studies might increase the level of detail recorded regarding FCL size and depth, as 

well as recording a PROM. However, recruiting participants from the previous studies 

may have decreased the external validity of our study120. Engen et al.21 identified 

10830 knee cartilage surgeries in Norway between 2008 and 2011 in a study from the 

Norwegian Patient Registry. Thus, our cohort of 321 patients may not be 

representative of the average Norwegian cartilage patients. However, the undetailed 

inclusion and exclusion criteria of our study resulted in a heterogeneous cohort, which 

may have increased external validity. 

There were no upper age limits in the inclusion criteria. Degenerative cartilage lesions 

and osteoarthritis occur more frequently in the older population. There is a risk of 

including patients with early osteoarthritis when participants over 50 years of age are 

included. Most patients in our cartilage cohort underwent preoperative radiography 

without radiographic signs of established osteoarthritis116. Further in Study 1, we also 

found a tendency, but not statistically significant, towards a decreased risk of KA in 

older patient groups compared to the age-matched general population116. A possible 

explanation is that older patients with an FCL have less cartilage changes than their 

peers at the same age. Thus, this finding might indicate that the treating surgeons’ 

classification of the cartilage lesions as non-degenerative was correct even in older 

patients. 

46 
 

11.2 Cartilage cohort 
In the present thesis, we recruited patients with arthroscopically verified FCLs of the 

knee who underwent surgery between 1999 and 2012. This timeframe was chosen for 

several reasons. First, we did not include patients who underwent surgery after 2012 in 

order to have a long-term follow-up. In long-term follow-up, there is always a risk that 

the treatment options used are no longer relevant as new treatment options have been 

introduced. In the 90’s several of the modern cartilage treatment options was 

introduced, as described in the introduction80, 92, 98. The surgical procedures most 

frequently used in the cartilage cohort of the present thesis, debridement, Mfx, ACI, 

and mosaicplasty, are still regarded as valid options125. 

Furthermore, during this period, the collaborating six Norwegian hospitals conducted 

or participated in several clinical cartilage studies15, 126-129. Participating in clinical 

studies might increase the level of detail recorded regarding FCL size and depth, as 

well as recording a PROM. However, recruiting participants from the previous studies 

may have decreased the external validity of our study120. Engen et al.21 identified 

10830 knee cartilage surgeries in Norway between 2008 and 2011 in a study from the 

Norwegian Patient Registry. Thus, our cohort of 321 patients may not be 

representative of the average Norwegian cartilage patients. However, the undetailed 

inclusion and exclusion criteria of our study resulted in a heterogeneous cohort, which 

may have increased external validity. 

There were no upper age limits in the inclusion criteria. Degenerative cartilage lesions 

and osteoarthritis occur more frequently in the older population. There is a risk of 

including patients with early osteoarthritis when participants over 50 years of age are 

included. Most patients in our cartilage cohort underwent preoperative radiography 

without radiographic signs of established osteoarthritis116. Further in Study 1, we also 

found a tendency, but not statistically significant, towards a decreased risk of KA in 

older patient groups compared to the age-matched general population116. A possible 

explanation is that older patients with an FCL have less cartilage changes than their 

peers at the same age. Thus, this finding might indicate that the treating surgeons’ 

classification of the cartilage lesions as non-degenerative was correct even in older 

patients. 

46 
 

11.2 Cartilage cohort 
In the present thesis, we recruited patients with arthroscopically verified FCLs of the 

knee who underwent surgery between 1999 and 2012. This timeframe was chosen for 

several reasons. First, we did not include patients who underwent surgery after 2012 in 

order to have a long-term follow-up. In long-term follow-up, there is always a risk that 

the treatment options used are no longer relevant as new treatment options have been 

introduced. In the 90’s several of the modern cartilage treatment options was 

introduced, as described in the introduction80, 92, 98. The surgical procedures most 

frequently used in the cartilage cohort of the present thesis, debridement, Mfx, ACI, 

and mosaicplasty, are still regarded as valid options125. 

Furthermore, during this period, the collaborating six Norwegian hospitals conducted 

or participated in several clinical cartilage studies15, 126-129. Participating in clinical 

studies might increase the level of detail recorded regarding FCL size and depth, as 

well as recording a PROM. However, recruiting participants from the previous studies 

may have decreased the external validity of our study120. Engen et al.21 identified 

10830 knee cartilage surgeries in Norway between 2008 and 2011 in a study from the 

Norwegian Patient Registry. Thus, our cohort of 321 patients may not be 

representative of the average Norwegian cartilage patients. However, the undetailed 

inclusion and exclusion criteria of our study resulted in a heterogeneous cohort, which 

may have increased external validity. 

There were no upper age limits in the inclusion criteria. Degenerative cartilage lesions 

and osteoarthritis occur more frequently in the older population. There is a risk of 

including patients with early osteoarthritis when participants over 50 years of age are 

included. Most patients in our cartilage cohort underwent preoperative radiography 

without radiographic signs of established osteoarthritis116. Further in Study 1, we also 

found a tendency, but not statistically significant, towards a decreased risk of KA in 

older patient groups compared to the age-matched general population116. A possible 

explanation is that older patients with an FCL have less cartilage changes than their 

peers at the same age. Thus, this finding might indicate that the treating surgeons’ 

classification of the cartilage lesions as non-degenerative was correct even in older 

patients. 

46 
 

11.2 Cartilage cohort 
In the present thesis, we recruited patients with arthroscopically verified FCLs of the 

knee who underwent surgery between 1999 and 2012. This timeframe was chosen for 

several reasons. First, we did not include patients who underwent surgery after 2012 in 

order to have a long-term follow-up. In long-term follow-up, there is always a risk that 

the treatment options used are no longer relevant as new treatment options have been 

introduced. In the 90’s several of the modern cartilage treatment options was 

introduced, as described in the introduction80, 92, 98. The surgical procedures most 

frequently used in the cartilage cohort of the present thesis, debridement, Mfx, ACI, 

and mosaicplasty, are still regarded as valid options125. 

Furthermore, during this period, the collaborating six Norwegian hospitals conducted 

or participated in several clinical cartilage studies15, 126-129. Participating in clinical 

studies might increase the level of detail recorded regarding FCL size and depth, as 

well as recording a PROM. However, recruiting participants from the previous studies 

may have decreased the external validity of our study120. Engen et al.21 identified 

10830 knee cartilage surgeries in Norway between 2008 and 2011 in a study from the 

Norwegian Patient Registry. Thus, our cohort of 321 patients may not be 
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There were no upper age limits in the inclusion criteria. Degenerative cartilage lesions 

and osteoarthritis occur more frequently in the older population. There is a risk of 

including patients with early osteoarthritis when participants over 50 years of age are 

included. Most patients in our cartilage cohort underwent preoperative radiography 

without radiographic signs of established osteoarthritis116. Further in Study 1, we also 

found a tendency, but not statistically significant, towards a decreased risk of KA in 

older patient groups compared to the age-matched general population116. A possible 

explanation is that older patients with an FCL have less cartilage changes than their 

peers at the same age. Thus, this finding might indicate that the treating surgeons’ 

classification of the cartilage lesions as non-degenerative was correct even in older 

patients. 

46 
 

11.2 Cartilage cohort 
In the present thesis, we recruited patients with arthroscopically verified FCLs of the 

knee who underwent surgery between 1999 and 2012. This timeframe was chosen for 

several reasons. First, we did not include patients who underwent surgery after 2012 in 

order to have a long-term follow-up. In long-term follow-up, there is always a risk that 

the treatment options used are no longer relevant as new treatment options have been 

introduced. In the 90’s several of the modern cartilage treatment options was 

introduced, as described in the introduction80, 92, 98. The surgical procedures most 

frequently used in the cartilage cohort of the present thesis, debridement, Mfx, ACI, 

and mosaicplasty, are still regarded as valid options125. 

Furthermore, during this period, the collaborating six Norwegian hospitals conducted 

or participated in several clinical cartilage studies15, 126-129. Participating in clinical 

studies might increase the level of detail recorded regarding FCL size and depth, as 

well as recording a PROM. However, recruiting participants from the previous studies 

may have decreased the external validity of our study120. Engen et al.21 identified 

10830 knee cartilage surgeries in Norway between 2008 and 2011 in a study from the 

Norwegian Patient Registry. Thus, our cohort of 321 patients may not be 

representative of the average Norwegian cartilage patients. However, the undetailed 

inclusion and exclusion criteria of our study resulted in a heterogeneous cohort, which 

may have increased external validity. 

There were no upper age limits in the inclusion criteria. Degenerative cartilage lesions 

and osteoarthritis occur more frequently in the older population. There is a risk of 

including patients with early osteoarthritis when participants over 50 years of age are 

included. Most patients in our cartilage cohort underwent preoperative radiography 

without radiographic signs of established osteoarthritis116. Further in Study 1, we also 

found a tendency, but not statistically significant, towards a decreased risk of KA in 

older patient groups compared to the age-matched general population116. A possible 

explanation is that older patients with an FCL have less cartilage changes than their 

peers at the same age. Thus, this finding might indicate that the treating surgeons’ 

classification of the cartilage lesions as non-degenerative was correct even in older 

patients. 



47 
 

Body Mass Index (BMI) was registered during the index cartilage surgery in only 146 

patients. Thus, the regression models could not be adjusted for BMI at index surgery 

but only for BMI at the final follow-up because of listwise deletion. This must be 

considered a limitation of the present study, as the BMI at index cartilage surgery is 

likely a more important factor in determining the outcome of cartilage treatment. It is 

possible that patients with poor knee function after the index cartilage treatment have 

been less active, which might have contributed to the higher BMI in the poor knee 

function group. In other words, it could be that poor knee function predicts a higher 

BMI and not vice versa. The proportion of both men and women with a BMI >25 has 

increased in the general Norwegian population from to 1999-2020130. Whether the 

same increase has occurred in the cartilage cohort remains unknown. 

NAR does not include any details about BMI prior to 2021. Thus, knee arthroplasty 

patients in the general population could possibly have a significantly different BMI 

than those in our cohort. However, in 2021 84.1% of the knee arthroplasty patients 

reported in NAR131 had a BMI >25 compared to 86.5% of the patients with subsequent 

knee arthroplasty in the cartilage cohort. Furthermore, in 2020, the mean BMI of 

Norwegian men were 26.5 kg/m2 and women were 25.6 kg/m2 132. A BMI >25 were 

found in 59% and 47% of male and female patients, respectively132. The corresponding 

numbers at the final follow-up in our cartilage cohort were BMI 28.1 for men and 26.4 

for women, and BMI >25 was found in 78.1% and 53.6% of the patients, respectively. 

This suggests that the BMI in our cartilage cohort was slightly higher but still 

comparable to that of the general Norwegian population.  

 

11.3 Strength of the study 
The main advantage of the present study design was the inclusion of a large number of 

arthroscopically verified focal cartilage lesions. Furthermore, any concurrent meniscal 

or ligamentous lesion was registered during the index cartilage surgery, and the 

patients reported any subsequent ipsilateral knee surgery. Even though the exact 

alignment of the patient’s leg remains unknown due to the lack of a standardised 

preoperative radiographic protocol, the included patients had < 5° malalignment due to 
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the inclusion criteria in previous clinical trials. A mean follow-up period of 20 years 

increased the ability to identify the long-term cumulative risk of knee arthroplasty. To 

our knowledge, this is the first long-term study outside an ACL cohort, including 

arthroscopically verified FCL patients undergoing no surgical cartilage treatment 133, 

134 and comparing PROM between non-operative cartilage treatment and surgically 

treated lesions. This enhances our knowledge of the natural history of an FCL. NAR 

had a 97% completeness of reporting throughout the study period and as such the 

follow-up of knee arthroplasty procedures can be regarded as complete131, 135. 

11.4 Limitations of study design 
This study has some limitations. First, 150 of the patients had participated in studies 

with previously published long-term results 94, 114, 115. Thus, they may not be 

representative of an average patient with FCL120. Secondly a response rate of 65% 

might have introduced bias in the interpretation of the results. This is an observational 

study, and the differences in the final frequency of knee arthroplasty and PROM 

results should be interpreted with caution. The number of participants suggested by the 

power analysis was not met in all subgroups, increasing the risk of type-2 error. 

Several of the patients did not provide sufficient details of any subsequent cartilage 

treatment after the index surgery. Three different PROMs were used preoperatively, 

and none of the patients had more than one preoperative PROM. Owing to list-wise 

deletion, this limited the adjustment of the regression models based on PROM data. 

Furthermore, standardised preoperative radiographic images were unavailable. Owing 

to the study design and long-term follow-up, any association between the findings at 

index surgery and follow-up cannot be interpreted as a correlation124. 

 

11.5 Outcome evaluation 
In a long-term follow-up of patients with a history of focal cartilage lesions in the 

knee, several outcomes could be registered. In this thesis, the primary outcomes were 

the need for a subsequent knee arthroplasty and the patient-reported KOOS subscores. 

Knee arthroplasty is the hallmark of end-stage symptomatic osteoarthritis and must be 

considered a failure after cartilage surgery. However, there is substantial variation in 

the frequency of knee arthroplasty between different geographical regions136. Thus, 
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there could be variations in defining the indications for knee arthroplasty between 

different hospitals. Including standardised radiographs at the follow-up could 

potentially have demonstrated a variation in the indication for knee arthroplasty and 

made adjustments in the statistical analysis possible. Standardised radiographs of a 

patient cohort from all over Norway would be a logistic challenge and have a high 

financial cost. The number of patients consenting to participate in the study would also 

likely have been lower. Furthermore, there seems to be a limited association between 

the severity of osteoarthritis and patient reported outcomes137, 138. Thus radiographs at 

follow-up was not included in the study protocol. 

As outlined in the paragraph concerning PROMs in the introduction, there are several 

different PROMs available for the use in patients with knee conditions. These PROMs 

are frequently used to evaluate outcomes, even when there is a lack of validation in 

patients with that particular condition. KOOS is one of the few PROMs that has been 

validated in patients with focal cartilage lesions, osteoarthritis, as well as knee 

arthroplasty45-48. KOOS has been frequently used since it was first presented in 2003 

and is currently the main PROM used by the Norwegian Knee Ligament Register and 

NAR. Thus, we chose the KOOS as the primary PROM in this study.  

A statistically significant change in a PROM does not necessarily imply a clinically 

relevant change in experienced function of the knee by the patient. The importance of 

the minimal clinically important difference (MCID) and patient-acceptable symptom 

state (PASS) has been acknowledged in recent years139. A change in PROM above the 

MCID suggests that the patient perceives better or worse knee function after treatment, 

whereas any change below the MCID could be due to “measurement error” in 

PROM139. A PROM score above the PASS threshold suggests that the patient have a 

satisfactorily knee function. The PASS threshold must be established for each PROM, 

and for each knee condition in which it is intended to be used and may vary 

substantionally139. An analysis of the percentage of patients reaching the KOOS PASS 

threshold was thus included in both Papers 2 and 3 to evaluate whether the difference 

in PROM between the groups was clinically relevant. 
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11.6 Results 
Paper 1 
Apold et al. identified increased BMI and heavy labour as risk factors for KA in the 

Norwegian general population29. In a large cohort study including more than 4500 

patients with osteoarthritis Salis et al140. demonstrated a linear (positive) association 

between weight loss and a decreased risk of KA. The risk of KA was reduced by 2% 

for every kg of weight loss. In our study, being overweight at follow-up was associated 

with an increased risk of having a knee replacement. 

Several long-term clinical trials report subsequent KA after cartilage surgery104, 141, 142. 

Ogura et al. reported an incidence of 20% KA surgeries in a 20-year follow-up period 

of first generation ACI, which is consistent with our results104. Gobbi et al.105 

presented 15 years follow-up of FCL treated with microfracture in an athletic patient 

cohort. The authors reported progression of osteoarthritis in 40% of the knees, with 

11% failures defined as subsequent surgeries at the final follow-up. Whether any of 

these were KA were not specified. Older age at the time of cartilage surgery and large 

or multiple lesions were the main risk factors for OA. Possible explanations for the 

high rate of KA in our study may be our somewhat older patient cohort (36.8 vs 31.4 

years) as well as five years longer follow-up. Differences in KA frequencies at the 

population level between regions, as demonstrated by Ackerman136, might also 

contribute to the differences in KA incidence.  

In a study of 158 000 patients who had undergone chondroplasty in UK-NHS 

hospitals, Abram et al. demonstrated a higher risk of KA compared with the general 

British population143. The overall risk of KA within five years was 17.6%. Both age 

and sex were identified as risk factors for later KA. While Abram et al. did not have 

information on BMI, they found that a higher Charleston comorbidity index increased 

the risk of KA. The Abram patient cohort was older than our cohort, with a mean age 

51.7 years. This is likely the reason for why the five-year risk of KA in the UK 

chondroplasty cohort was approximating the twenty-year risk in our study. 

Both ACL injury and meniscal lesions are known to increase the risk of osteoarthritis 

and subsequently TKA31, 101, 144-147. Furthermore, in a meta-analysis by Whittaker et 
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al.148 both cartilage lesions and concomitant meniscal resection were demonstrated to 

increase the risk of later KA in patients with previous ACL surgery. In the present 

cartilage cohort, meniscal resection and ACL surgery were not associated with an 

increased risk of KA. One possible reason could be that cartilage lesions increase the 

risk of KA to a greater extent than ACL and meniscal injuries, thereby obscuring the 

effect of the latter. Visnes et al. found that patients aged 30-39 years had a three-fold 

higher risk of KA after ACL surgery compared to the general population, while those 

aged 40-49 years had a doubled risk.149. In our cartilage cohort, the corresponding 

numbers were 416- and 49-times increase in risk. In a large registry study of 50 000 

patients with knee osteoarthritis, Gustafson et al.150 demonstrated an increased risk of 

KA in patients with previous knee surgery. Interestingly, Gustafson et al.150 found a 

strong association between patients’ desire for surgical treatment and subsequent KA. 

The patients in our cohort have had previous cartilage surgery and several of them 

additional knee surgery and as such might have a stronger believe in surgery. Thus, a 

stronger desire for a surgical solution for their knee condition might contribute to the 

increased risk of KA in the cartilage cohort.  

In Paper 1, we found that ACI treatment of cartilage lesions increased the risk of 

subsequent KA by four times compared with no treatment. This finding was surprising 

because ACI treatment, in contrast to mosaicplasty and microfracture, does not violate 

the subchondral bone. ACI was performed as an open surgery and required two 

surgeries, which may increase the risk of knee arthroplasty101, 145. 

To reduce the risk of including asymptomatic lesions in the non-surgically treated 

group, we performed a subanalysis of patients without any concurrent procedures at 

the time of index surgery. The subanalysis revealed no significant differences between 

treatment groups. This might suggest that our finding of increased risk following ACI 

could be due to confounding factors. However, the subanalysis might be underpowered 

and thus prone to type 2 error. According to a Cochrane review, there is insufficient 

evidence of the superiority of ACI over other cartilage treatments151. In recent years, 

high-volume orthopaedic surgeries, such as meniscal surgery in middle-aged patients, 

have not been shown to be superior to sham surgery or nonoperative treatment152, 153. 
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Consequently, we would suggest that future clinical trials on the treatment of FCL in 

the knee should include a control group treated non-operatively or preferably with 

sham surgery154. 

Paper 1 has several limitations. This is not a randomised trial, and the indications for 

different cartilage treatments might vary significantly. The ACI and several of the Mfx 

patients were, however, previous randomised trial participants which reduced the risk 

of selection bias. Patients undergoing cartilage surgery might have had more 

symptomatic lesions than those who were not surgically treated. There may also be 

unknown confounding factors that influence KA risk, such as genetic disposition26. 

There were few knee arthroplasties in the younger age groups, resulting in wide 

confidence intervals. 

 

Paper 2 
Long-term PROM results 

In Paper 2, we found a mean KOOS-QoL of 58.1 at the final follow-up in patients 

without subsequent knee arthroplasty. In a series of 44 patients, Ossendorf et al155 

found a KOOS-QoL score of 49 in patients with 1st generation ACI treatment versus 64 

in patients with microfractures. Furthermore, Kreuz et al156 and Niemeyer et al. 157 

found KOOS-QoL of 58.0 and 54.3 respectively, in their studies. Even though the 

present study has considerably longer follow-up, the PROM results are likely 

comparable as several previous studies have suggested stable results from mid- to 

long-term follow-up94, 104, 115, 156. In contrast, Gobbi et al105 presented 15 years follow-

up of 67 athletes with full-thickness lesions treated with microfractures, with a final 

KOOS-QoL of 82.2. The higher KOOS score might be due to the more active study 

population, as physical training has been shown to increase the KOOS score in patients 

with FCL23. Multiple lesions were associated with inferior KOOS QoL. A possible 

explanation could be that multiple lesions alter knee homeostasis more158.  

A lower education level was associated with inferior KOOS. A higher risk of heavy 

manual labour and a lower level of physical exercise may contribute to this. 
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Furthermore, a lower socioeconomic status is known to decrease self-reported general 

health159. 

Medial and lateral FCLs were associated with significantly better KOOS-QoL scores 

than retropatellar lesions. The inferior result in patellar lesions is consistent with 

previous studies97, 160, 161. Using the same regression model, a subgroup without PF 

lesions was analysed with the same overall results, indicating that the original 

statistical model was able to adjust for FCL location (Supplementary Table 2, Paper 2). 

Seifeth et al.162 presented a propensity matched study from the German Cartilage 

Register demonstrating that previous cartilage surgery was associated with decreased 

PROM within 3-years follow-up after ACI surgery. Any non-cartilage knee surgery 

did, however, not influence the patient reported outcome after ACI. The latter finding 

of Seifeth is consistent with the finding of no association between ACL and meniscal 

surgery and the KOOS QoL in the Paper 2 study. 

In a systematic review of prognostic factors for the clinical outcome of FCLs in knees 

treated with microfracture, Van Tuijn et al.163 identified several factors associated with 

inferior outcomes. Inferior PROM was found in older patients, patients with larger 

FCL size, previous or concomitant knee surgery such as meniscal resection or ACL 

reconstruction, and in patients with longer duration of symptoms preoperatively. There 

was, however, inconclusive data regarding the correlation between BMI and clinical 

outcomes. The findings of Van Tujin et al.163 contradict the findings of Paper 2, where 

elevated BMI was strongly associated with inferior KOOS-QoL. Furthermore, there 

were no significant associations between patient-reported outcomes and lesion size, 

patient age, or any concomitant knee surgeries. 

Subsequent cartilage surgery 

At the final follow-up, 47 knees (17.7%) had undergone subsequent cartilage surgery. 

Niemeyer et al157 reported in a study of ACI patients that 28.6% required additional 

cartilage surgery. This is consistent with the findings of Ossendorf et al155 with 34% of 

reoperations. In the present study, there was no significant difference in the rate of 

subsequent cartilage surgery between the treatment groups, although there was 

substantial variation. This finding suggests that the analysis was underpowered. We 
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did not have detailed data on the nature of subsequent cartilage surgery, and variations 

in the type of surgery between the groups could be substantial.  

Risk factors for treatment failure 

The failure rate, defined as KA, osteotomy, or KOOS-QoL score <50, was nearly 50%. 

Several other studies have defined any subsequent cartilage surgery as failure104, 105, 114, 

157. From a 20-year perspective, any subsequent surgery might not be the best measure 

of failure. KA is the final outcome of end-stage osteoarthritis and must be considered a 

failure in cartilage surgery. However, the risk of undergoing a knee replacement may 

vary considerably between countries as well as regions of a country108, 136. To 

compensate for this, we also classified patients scoring <50 on the KOOS-QoL sub-

score as treatment failure, as Chahal et al112 demonstrated this to be the Patient 

Acceptable Symptom State (PASS) in patients with FCL. The failure rate of 50% 

seems high. Nonetheless, as previously discussed, the mean KOOS-QoL score in the 

present study is comparable to that of other long-term studies.  

More than one FCL was associated with an increased odds of failure, consistent with 

the results of Gobbi et al105. Furthermore, an increased BMI is a known risk factor for 

both KA and lower KOOS-score even in the general population50, 136.  

Long-term PROM and risk of failure in different Cartilage treatment strategies 

We found an increased KOOS-QoL score in ACI patients compared to other treatment 

strategies, including no surgical treatment. In contrast Ossendorf et al155 found that 

microfracture patients had significantly higher scores than the ACI patients. However, 

their analysis was not fully adjusted for significantly larger defects in patients with 

ACI, which might introduce bias.  

In the paper 1 study on the same cartilage cohort, we found that ACI treatment 

increased the risk of KA116. Considering this, it is notable that the ACI had the lowest 

overall risk of failure. Even though the higher risk of KA is concerning, the number of 

patients scoring themselves below PASS was considerably higher in the other 

treatment groups. Possibly the ACI patients have been more prone to receive a KA 

than the other patients. Cartilage allografts are not available in Norway, and revision 
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Several studies have reported no correlation between previous knee surgery and 

PROM scores in knee arthroplasty patients168-170. However, a recent meta-analysis by 

Zhang et al.171 found that previous knee surgery had a negative effect on postoperative 

PROMs in patients undergoing knee arthroplasty. Furthermore, Khan et al.172 

demonstrated significantly lower KOOS JR, and lower odds for reaching both MCID 

and PASS in knee arthroplasty patients with previous meniscal resection compared to a 

cohort of patient without previous knee surgery. In a systematic review by Syrikas et 

al.173 a negative association was demonstrated between fracture-related post-traumatic 

osteoarthritis and PROM following knee arthroplasty. These findings suggest a likely 

association between previous knee surgery and PROM after knee arthroplasty. In the 

present study, patients in the cartilage cohort underwent significantly more surgical 

procedures in addition to cartilage surgery than those in the control group. To account 

for possible confounding from these additional procedures in the analysis of the KOOS 

score, the regression models were adjusted for any additional surgical procedures apart 

from cartilage surgery and purely diagnostic arthroscopy. The sensitivity analysis 

(Paper 3, Supplementary Table 1) without this adjustment also demonstrated inferior 

results in the cartilage cohort for KOOS Symptoms and Pain, but not for QoL. This 

finding supports those of Zhang et al.171. 

There were also significantly more revision arthroplasties performed in the cartilage 

cohort. Although this variable was part of the matching procedure, a complete match 

was not achieved because of variations in response rates. Thus, the regression models 

were adjusted for primary versus revision arthroplasties. The sensitivity analysis, 

including only primary knee arthroplasty (Paper 3, Supplementary Table 2), showed 

results equivalent to those of the original analysis, indicating that the models were 

adequately adjusted for revision knee arthroplasty. 

KOOS Symptoms-, Pain-, and QoL-subscore after knee arthroplasty were significantly 

lower in the previous cartilage cohort. This concurs with the findings of Ansari et al.106 

in a cohort of 21 previous microfracture patients, with a mean 7.8 points lower 

improvement in the Knee Society Score (KSS) in the cartilage cohort compared to a 

matched group of knee arthroplasty patients. However, the difference in KSS was 

below the clinically important difference demonstrated by Lizaur‑Utrilla et al.174. 
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Ansari et al.106 did not report any power analysis prior to analysing the KSS results, 

and the power analysis in the present study suggests that the Ansari study was 

underpowered. 

Frank et al.107 presented 13 knee arthroplasty patients with previous chondral 

auto/allograft matched 1:1 to a cohort of knee arthroplasty patients with osteoarthrosis, 

finding a mean KSS improvement of 16 points lower in the cartilage cohort. However, 

they included patients with concomitant meniscal allografts in their cartilage cohort, 

which could have substantially confounded their results.  

This is to the best of our knowledge the first study of patient-reported results in knee 

arthroplasty patients with previous cartilage lesions where PASS was reported. 

Reporting the percentage of patients who reached the PASS threshold offers several 

advantages, as outlined in a recent review by Mabrouk et al.139. This ensures that the 

identified differences are not only statistically significant but also clinically relevant. 

Significantly better odds of reaching the PASS threshold in the control group than in 

the cartilage cohort for KOOS Symptoms, Pain and QoL subscores were found, and 

PASS was not reached by two-thirds of the cartilage cohort. This supports the findings 

of lower KOOS sub-scores in the cartilage cohort. 

The reason for the inferior results in the cartilage cohort remains unclear. However, 

several explanations for why previous focal cartilage lesions still seem to result in 

inferior patient satisfaction after knee arthroplasty could be considered. There is likely 

to be a substantial selection bias, in which cartilage patients require knee arthroplasty. 

Satisfied cartilage patients with an adequate knee function are not likely to require 

knee arthroplasty. Psychological factors have been shown to influence PROMs175 and 

knee arthroplasty patients with failed cartilage surgery may have more psychological 

issues than average knee arthroplasty patients. In a recent review by Olsen et al.176, 

preoperative pain catastrophising was associated with worse pain in patients who had 

undergone knee arthroplasty. Furthermore, Sellevold et al177 found preoperative 

duration of pain, and psychological stress to be associated with less improvement after 

knee arthroplasty surgery. Arendt-Nielsen et al.178 demonstrated central pain 

sensitisation to play an important role in the perception of pain in patients with severe 

57 
 

Ansari et al.106 did not report any power analysis prior to analysing the KSS results, 

and the power analysis in the present study suggests that the Ansari study was 

underpowered. 

Frank et al.107 presented 13 knee arthroplasty patients with previous chondral 

auto/allograft matched 1:1 to a cohort of knee arthroplasty patients with osteoarthrosis, 

finding a mean KSS improvement of 16 points lower in the cartilage cohort. However, 

they included patients with concomitant meniscal allografts in their cartilage cohort, 

which could have substantially confounded their results.  

This is to the best of our knowledge the first study of patient-reported results in knee 

arthroplasty patients with previous cartilage lesions where PASS was reported. 

Reporting the percentage of patients who reached the PASS threshold offers several 

advantages, as outlined in a recent review by Mabrouk et al.139. This ensures that the 

identified differences are not only statistically significant but also clinically relevant. 

Significantly better odds of reaching the PASS threshold in the control group than in 

the cartilage cohort for KOOS Symptoms, Pain and QoL subscores were found, and 

PASS was not reached by two-thirds of the cartilage cohort. This supports the findings 

of lower KOOS sub-scores in the cartilage cohort. 

The reason for the inferior results in the cartilage cohort remains unclear. However, 

several explanations for why previous focal cartilage lesions still seem to result in 

inferior patient satisfaction after knee arthroplasty could be considered. There is likely 

to be a substantial selection bias, in which cartilage patients require knee arthroplasty. 

Satisfied cartilage patients with an adequate knee function are not likely to require 

knee arthroplasty. Psychological factors have been shown to influence PROMs175 and 

knee arthroplasty patients with failed cartilage surgery may have more psychological 

issues than average knee arthroplasty patients. In a recent review by Olsen et al.176, 

preoperative pain catastrophising was associated with worse pain in patients who had 

undergone knee arthroplasty. Furthermore, Sellevold et al177 found preoperative 

duration of pain, and psychological stress to be associated with less improvement after 

knee arthroplasty surgery. Arendt-Nielsen et al.178 demonstrated central pain 

sensitisation to play an important role in the perception of pain in patients with severe 

57 
 

Ansari et al.106 did not report any power analysis prior to analysing the KSS results, 

and the power analysis in the present study suggests that the Ansari study was 

underpowered. 

Frank et al.107 presented 13 knee arthroplasty patients with previous chondral 

auto/allograft matched 1:1 to a cohort of knee arthroplasty patients with osteoarthrosis, 

finding a mean KSS improvement of 16 points lower in the cartilage cohort. However, 

they included patients with concomitant meniscal allografts in their cartilage cohort, 

which could have substantially confounded their results.  

This is to the best of our knowledge the first study of patient-reported results in knee 

arthroplasty patients with previous cartilage lesions where PASS was reported. 

Reporting the percentage of patients who reached the PASS threshold offers several 

advantages, as outlined in a recent review by Mabrouk et al.139. This ensures that the 

identified differences are not only statistically significant but also clinically relevant. 

Significantly better odds of reaching the PASS threshold in the control group than in 

the cartilage cohort for KOOS Symptoms, Pain and QoL subscores were found, and 

PASS was not reached by two-thirds of the cartilage cohort. This supports the findings 

of lower KOOS sub-scores in the cartilage cohort. 

The reason for the inferior results in the cartilage cohort remains unclear. However, 

several explanations for why previous focal cartilage lesions still seem to result in 

inferior patient satisfaction after knee arthroplasty could be considered. There is likely 

to be a substantial selection bias, in which cartilage patients require knee arthroplasty. 

Satisfied cartilage patients with an adequate knee function are not likely to require 

knee arthroplasty. Psychological factors have been shown to influence PROMs175 and 

knee arthroplasty patients with failed cartilage surgery may have more psychological 

issues than average knee arthroplasty patients. In a recent review by Olsen et al.176, 

preoperative pain catastrophising was associated with worse pain in patients who had 

undergone knee arthroplasty. Furthermore, Sellevold et al177 found preoperative 

duration of pain, and psychological stress to be associated with less improvement after 

knee arthroplasty surgery. Arendt-Nielsen et al.178 demonstrated central pain 

sensitisation to play an important role in the perception of pain in patients with severe 

57 
 

Ansari et al.106 did not report any power analysis prior to analysing the KSS results, 

and the power analysis in the present study suggests that the Ansari study was 

underpowered. 

Frank et al.107 presented 13 knee arthroplasty patients with previous chondral 

auto/allograft matched 1:1 to a cohort of knee arthroplasty patients with osteoarthrosis, 

finding a mean KSS improvement of 16 points lower in the cartilage cohort. However, 

they included patients with concomitant meniscal allografts in their cartilage cohort, 

which could have substantially confounded their results.  

This is to the best of our knowledge the first study of patient-reported results in knee 

arthroplasty patients with previous cartilage lesions where PASS was reported. 

Reporting the percentage of patients who reached the PASS threshold offers several 

advantages, as outlined in a recent review by Mabrouk et al.139. This ensures that the 

identified differences are not only statistically significant but also clinically relevant. 

Significantly better odds of reaching the PASS threshold in the control group than in 

the cartilage cohort for KOOS Symptoms, Pain and QoL subscores were found, and 

PASS was not reached by two-thirds of the cartilage cohort. This supports the findings 

of lower KOOS sub-scores in the cartilage cohort. 

The reason for the inferior results in the cartilage cohort remains unclear. However, 

several explanations for why previous focal cartilage lesions still seem to result in 

inferior patient satisfaction after knee arthroplasty could be considered. There is likely 

to be a substantial selection bias, in which cartilage patients require knee arthroplasty. 

Satisfied cartilage patients with an adequate knee function are not likely to require 

knee arthroplasty. Psychological factors have been shown to influence PROMs175 and 

knee arthroplasty patients with failed cartilage surgery may have more psychological 

issues than average knee arthroplasty patients. In a recent review by Olsen et al.176, 

preoperative pain catastrophising was associated with worse pain in patients who had 

undergone knee arthroplasty. Furthermore, Sellevold et al177 found preoperative 

duration of pain, and psychological stress to be associated with less improvement after 

knee arthroplasty surgery. Arendt-Nielsen et al.178 demonstrated central pain 

sensitisation to play an important role in the perception of pain in patients with severe 

57 
 

Ansari et al.106 did not report any power analysis prior to analysing the KSS results, 

and the power analysis in the present study suggests that the Ansari study was 

underpowered. 

Frank et al.107 presented 13 knee arthroplasty patients with previous chondral 

auto/allograft matched 1:1 to a cohort of knee arthroplasty patients with osteoarthrosis, 

finding a mean KSS improvement of 16 points lower in the cartilage cohort. However, 

they included patients with concomitant meniscal allografts in their cartilage cohort, 

which could have substantially confounded their results.  

This is to the best of our knowledge the first study of patient-reported results in knee 

arthroplasty patients with previous cartilage lesions where PASS was reported. 

Reporting the percentage of patients who reached the PASS threshold offers several 

advantages, as outlined in a recent review by Mabrouk et al.139. This ensures that the 

identified differences are not only statistically significant but also clinically relevant. 

Significantly better odds of reaching the PASS threshold in the control group than in 

the cartilage cohort for KOOS Symptoms, Pain and QoL subscores were found, and 

PASS was not reached by two-thirds of the cartilage cohort. This supports the findings 

of lower KOOS sub-scores in the cartilage cohort. 

The reason for the inferior results in the cartilage cohort remains unclear. However, 

several explanations for why previous focal cartilage lesions still seem to result in 

inferior patient satisfaction after knee arthroplasty could be considered. There is likely 

to be a substantial selection bias, in which cartilage patients require knee arthroplasty. 

Satisfied cartilage patients with an adequate knee function are not likely to require 

knee arthroplasty. Psychological factors have been shown to influence PROMs175 and 

knee arthroplasty patients with failed cartilage surgery may have more psychological 

issues than average knee arthroplasty patients. In a recent review by Olsen et al.176, 

preoperative pain catastrophising was associated with worse pain in patients who had 

undergone knee arthroplasty. Furthermore, Sellevold et al177 found preoperative 

duration of pain, and psychological stress to be associated with less improvement after 

knee arthroplasty surgery. Arendt-Nielsen et al.178 demonstrated central pain 

sensitisation to play an important role in the perception of pain in patients with severe 

57 
 

Ansari et al.106 did not report any power analysis prior to analysing the KSS results, 

and the power analysis in the present study suggests that the Ansari study was 

underpowered. 

Frank et al.107 presented 13 knee arthroplasty patients with previous chondral 

auto/allograft matched 1:1 to a cohort of knee arthroplasty patients with osteoarthrosis, 

finding a mean KSS improvement of 16 points lower in the cartilage cohort. However, 

they included patients with concomitant meniscal allografts in their cartilage cohort, 

which could have substantially confounded their results.  

This is to the best of our knowledge the first study of patient-reported results in knee 

arthroplasty patients with previous cartilage lesions where PASS was reported. 

Reporting the percentage of patients who reached the PASS threshold offers several 

advantages, as outlined in a recent review by Mabrouk et al.139. This ensures that the 

identified differences are not only statistically significant but also clinically relevant. 

Significantly better odds of reaching the PASS threshold in the control group than in 

the cartilage cohort for KOOS Symptoms, Pain and QoL subscores were found, and 

PASS was not reached by two-thirds of the cartilage cohort. This supports the findings 

of lower KOOS sub-scores in the cartilage cohort. 

The reason for the inferior results in the cartilage cohort remains unclear. However, 

several explanations for why previous focal cartilage lesions still seem to result in 

inferior patient satisfaction after knee arthroplasty could be considered. There is likely 

to be a substantial selection bias, in which cartilage patients require knee arthroplasty. 

Satisfied cartilage patients with an adequate knee function are not likely to require 

knee arthroplasty. Psychological factors have been shown to influence PROMs175 and 

knee arthroplasty patients with failed cartilage surgery may have more psychological 

issues than average knee arthroplasty patients. In a recent review by Olsen et al.176, 

preoperative pain catastrophising was associated with worse pain in patients who had 

undergone knee arthroplasty. Furthermore, Sellevold et al177 found preoperative 

duration of pain, and psychological stress to be associated with less improvement after 

knee arthroplasty surgery. Arendt-Nielsen et al.178 demonstrated central pain 

sensitisation to play an important role in the perception of pain in patients with severe 

57 
 

Ansari et al.106 did not report any power analysis prior to analysing the KSS results, 

and the power analysis in the present study suggests that the Ansari study was 

underpowered. 

Frank et al.107 presented 13 knee arthroplasty patients with previous chondral 

auto/allograft matched 1:1 to a cohort of knee arthroplasty patients with osteoarthrosis, 

finding a mean KSS improvement of 16 points lower in the cartilage cohort. However, 

they included patients with concomitant meniscal allografts in their cartilage cohort, 

which could have substantially confounded their results.  

This is to the best of our knowledge the first study of patient-reported results in knee 

arthroplasty patients with previous cartilage lesions where PASS was reported. 

Reporting the percentage of patients who reached the PASS threshold offers several 

advantages, as outlined in a recent review by Mabrouk et al.139. This ensures that the 

identified differences are not only statistically significant but also clinically relevant. 

Significantly better odds of reaching the PASS threshold in the control group than in 

the cartilage cohort for KOOS Symptoms, Pain and QoL subscores were found, and 

PASS was not reached by two-thirds of the cartilage cohort. This supports the findings 

of lower KOOS sub-scores in the cartilage cohort. 

The reason for the inferior results in the cartilage cohort remains unclear. However, 

several explanations for why previous focal cartilage lesions still seem to result in 

inferior patient satisfaction after knee arthroplasty could be considered. There is likely 

to be a substantial selection bias, in which cartilage patients require knee arthroplasty. 

Satisfied cartilage patients with an adequate knee function are not likely to require 

knee arthroplasty. Psychological factors have been shown to influence PROMs175 and 

knee arthroplasty patients with failed cartilage surgery may have more psychological 

issues than average knee arthroplasty patients. In a recent review by Olsen et al.176, 

preoperative pain catastrophising was associated with worse pain in patients who had 

undergone knee arthroplasty. Furthermore, Sellevold et al177 found preoperative 

duration of pain, and psychological stress to be associated with less improvement after 

knee arthroplasty surgery. Arendt-Nielsen et al.178 demonstrated central pain 

sensitisation to play an important role in the perception of pain in patients with severe 

57 
 

Ansari et al.106 did not report any power analysis prior to analysing the KSS results, 

and the power analysis in the present study suggests that the Ansari study was 

underpowered. 

Frank et al.107 presented 13 knee arthroplasty patients with previous chondral 

auto/allograft matched 1:1 to a cohort of knee arthroplasty patients with osteoarthrosis, 

finding a mean KSS improvement of 16 points lower in the cartilage cohort. However, 

they included patients with concomitant meniscal allografts in their cartilage cohort, 

which could have substantially confounded their results.  

This is to the best of our knowledge the first study of patient-reported results in knee 

arthroplasty patients with previous cartilage lesions where PASS was reported. 

Reporting the percentage of patients who reached the PASS threshold offers several 

advantages, as outlined in a recent review by Mabrouk et al.139. This ensures that the 

identified differences are not only statistically significant but also clinically relevant. 

Significantly better odds of reaching the PASS threshold in the control group than in 

the cartilage cohort for KOOS Symptoms, Pain and QoL subscores were found, and 

PASS was not reached by two-thirds of the cartilage cohort. This supports the findings 

of lower KOOS sub-scores in the cartilage cohort. 

The reason for the inferior results in the cartilage cohort remains unclear. However, 

several explanations for why previous focal cartilage lesions still seem to result in 

inferior patient satisfaction after knee arthroplasty could be considered. There is likely 

to be a substantial selection bias, in which cartilage patients require knee arthroplasty. 

Satisfied cartilage patients with an adequate knee function are not likely to require 

knee arthroplasty. Psychological factors have been shown to influence PROMs175 and 

knee arthroplasty patients with failed cartilage surgery may have more psychological 

issues than average knee arthroplasty patients. In a recent review by Olsen et al.176, 

preoperative pain catastrophising was associated with worse pain in patients who had 

undergone knee arthroplasty. Furthermore, Sellevold et al177 found preoperative 

duration of pain, and psychological stress to be associated with less improvement after 

knee arthroplasty surgery. Arendt-Nielsen et al.178 demonstrated central pain 

sensitisation to play an important role in the perception of pain in patients with severe 

57 
 

Ansari et al.106 did not report any power analysis prior to analysing the KSS results, 

and the power analysis in the present study suggests that the Ansari study was 

underpowered. 

Frank et al.107 presented 13 knee arthroplasty patients with previous chondral 

auto/allograft matched 1:1 to a cohort of knee arthroplasty patients with osteoarthrosis, 

finding a mean KSS improvement of 16 points lower in the cartilage cohort. However, 

they included patients with concomitant meniscal allografts in their cartilage cohort, 

which could have substantially confounded their results.  

This is to the best of our knowledge the first study of patient-reported results in knee 

arthroplasty patients with previous cartilage lesions where PASS was reported. 

Reporting the percentage of patients who reached the PASS threshold offers several 

advantages, as outlined in a recent review by Mabrouk et al.139. This ensures that the 

identified differences are not only statistically significant but also clinically relevant. 

Significantly better odds of reaching the PASS threshold in the control group than in 

the cartilage cohort for KOOS Symptoms, Pain and QoL subscores were found, and 

PASS was not reached by two-thirds of the cartilage cohort. This supports the findings 

of lower KOOS sub-scores in the cartilage cohort. 

The reason for the inferior results in the cartilage cohort remains unclear. However, 

several explanations for why previous focal cartilage lesions still seem to result in 

inferior patient satisfaction after knee arthroplasty could be considered. There is likely 

to be a substantial selection bias, in which cartilage patients require knee arthroplasty. 

Satisfied cartilage patients with an adequate knee function are not likely to require 

knee arthroplasty. Psychological factors have been shown to influence PROMs175 and 

knee arthroplasty patients with failed cartilage surgery may have more psychological 

issues than average knee arthroplasty patients. In a recent review by Olsen et al.176, 

preoperative pain catastrophising was associated with worse pain in patients who had 

undergone knee arthroplasty. Furthermore, Sellevold et al177 found preoperative 

duration of pain, and psychological stress to be associated with less improvement after 

knee arthroplasty surgery. Arendt-Nielsen et al.178 demonstrated central pain 

sensitisation to play an important role in the perception of pain in patients with severe 



58 
 

osteoarthritis. Again, the duration of chronic pain seems to be associated with 

increased central pain sensitisation179. The cartilage cohort may have experienced a 

longer duration of knee pain prior to knee arthroplasty than the control group. One or 

more FCLs have been shown to alter knee homeostasis158, potentially reducing knee 

function even after knee arthroplasty. 

 

The main strength of the present study was the large number of included patients with 

KA after a previous arthroscopically verified and symptomatic FCL in the ipsilateral 

knee. The follow-up after KA surgery was mid- to long-term, and several studies have 

shown stable PROMS from one year postoperative in KA patients180-182, The previous 

FCL patients with patellofemoral or unicompartmental KA, had received KA in the 

same compartment as the previous FCL was located. This suggests that there may be a 

correlation between the FCL and later KA. The participants reported any additional 

ipsilateral knee surgeries in the questionnaire. This reduced the risk of not recording 

any additional surgeries performed at another hospital. 

This study has several limitations. We failed to include the necessary number of FCL 

knees required by the pre-inclusion power analysis, falling six knees short. To reduce 

the risk of underpowered analysis, we included an analysis of whether or not the 

patients scored above the PASS threshold for KOOS subscores. This has been shown 

to be a robust strategy for demonstrating clinically important differences in a recent 

review by Mabrouk et al139. 

Furthermore, we did not have access to radiographs obtained before KA surgery, and 

there could be discrepancies in the degree of osteoarthritis in the FCL and control 

groups. Dowsey et al137 however, found no association between the Kellgren-

Lawrence score and preoperative PROM in patients with KA. Preoperative PROM was 

not available, which has been shown to be an important factor in determining 

postoperative PROM score183-185. There could have been a discrepancy in the 

preoperative KOOS scores between the groups. However, several studies have 

demonstrated that cartilage patients have similar KOOS QoL subscores to patients 
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awaiting KA 22, 186, indicating that preoperative PROM in the cartilage cohort might be 

similar to that in the control group. 

Even though the control group was matched, there were differences in the distribution 

of age, education level, and revision TKA owing to uneven response rates in the 

matched control group. This resulted in unbalanced groups, necessitating adjustments 

using regression models. 

Improvements in function and satisfaction are provided by knee arthroplasty, 

regardless of the type of implant, in patients with osteoarthrosis187. This seems to be 

true also in the context of previous FCL107. However, the present study suggests that 

both surgeons and patients should be aware of the lower improvement in PROMs after 

knee arthroplasty in cases with a history of previous focal cartilage lesions as part of 

shared decision-making. 

 

11.7 General considerations of the thesis 
Untreated cartilage injuries have limited healing potential and may progress to 

osteoarthritis, and reversing this process is often an aim in cartilage treatment99, 103, 129. 

However, scientific evidence for the ability of any cartilage treatment to stop or 

reverse the development of osteoarthritis is limited. In Paper 1, we demonstrated that 

there is a significant increase in the risk of receiving knee arthroplasty in patients with 

previous arthroscopically verified cartilage lesions compared with the general 

population. The risk of KA was particularly high in patients aged < 40 years. 

Furthermore, cartilage surgery does not seem to reduce the risk of subsequent 

arthroplasty compared with no surgical treatment. Previous studies have demonstrated 

a slight increase in the risk of osteoarthritis in patients with previous ACL 

reconstruction compared to that in patients with non-operative treatment188. The 

finding of no correlation between knee arthroplasty risk and operative vs. nonoperative 

treatment of FCLs suggests that the indication for any cartilage surgery should be 

based on the patients’ current knee symptoms and not on the fear of any risk of later 

osteoarthritis. 
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As previously discussed in the introduction, focal cartilage lesions are frequently 

observed in the knees. In a study from the American College of Surgeons National 

Surgical Quality Improvement Program database, Gowd et al.189 demonstrated a 

significant increase in cartilage surgeries in the US between 2010 and 2016 (4.4% per 

year). In contrast Engen et al21. found a slight decrease in cartilage surgeries in 

Norway in 2008-2011 but the incidence of cartilage surgery in Norway seemed to be 

only slightly lower than that in the US at that time point. Gowd et al189. found a 

particular increase in more advanced cartilage procedures, such as arthroscopic 

osteochondral allograft and ACI, with an increase of > 600% for both procedures 

during that period. However, there was no significant increase in the prevalence of 

chondroplasty or microfractures. Advanced cartilage surgeries, such as allografts and 

ACI, are substantially more expensive than microfractures or debridements. Although 

most available surgical cartilage procedures are cost effective190, Aae et al81. 

demonstrated that ACI are less cost-effective than microfractures in a review of Level 

1 and 2 studies. Thus, it is interesting that the increase in cartilage surgery seems to be 

entirely in the more advanced and expensive procedures. However, this is consistent 

with recent literature recommending microfracture in only smaller cartilage lesions191-

194.  

Currently, there is no scientific evidence for the optimal treatment of focal cartilage 

lesions. Several authors, such as Brittberg191 and Hinckel et al.125, have proposed 

guidelines for the treatment of cartilage lesions based on available literature. 
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Fig 8 Proposed treatment algorithm related to cross‐section area of the lesions by 

Brittberg 2024191. Reprinted with permission. 

 

Additionally, focal inlay implants may be an alternative to failed biological cartilage 

treatments. In a recent consensus paper from the German Knee Society and ESSKA165, 

there was a high degree of consensus in the international expert group that focal metal 

inlay implants are a treatment option for full-thickness cartilage lesions that have 

failed previous conservative or surgical treatments. However, there are concerns 

regarding the revision rates in the Australian Joint Replacement Registry, with revision 

rates as high as 38.8% after ten years. In contrast, Christensen et al.195 reported a more 

acceptable 80% survival rate after 10 years in the Danish Knee Arthroplasty Registry, 

and Megaloikonomos et al.196 reported 96% survival at 10-years. Furthermore, 

Stålman et al.197 demonstrated no implant migration in a study using radiostereometric 

analysis (RSA) of a novel customised focal metal inlay implant. 

 

In our studies, we could not find any correlation between lesion size and PROM or risk 

of subsequent arthroplasty. This finding is consistent with that of a recent study from 
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the German Cartilage Registry, which demonstrated no correlation between patient 

satisfaction and lesion size198. Furthermore, in the largest randomised controlled trial 

comparing ACI with other treatments, Snow et al129., failed to demonstrate the 

superiority of ACI. A detrimental effect of previous microfracture was demonstrated in 

the 5-years results of ACI patients, but not in those receiving other cartilage surgeries 

after failed microfracture. Several other randomised trials have also failed to 

demonstrate any clinically relevant differences between ACI and microfractures after 

five years of follow-up199, 200. On the other hand, Kon et al201., demonstrated clinical 

relevant superior IKDC and return to sports in ACI patients compared to microfracture 

patients, consistent with the SUMMIT study by Brittberg et al. with superior KOOS 

score after 5-years99. However, the latter study was not manufacture-independent. 

Concerns regarding declining long-term results after microfracture have been raised192, 

193, 202. However, Knutsen et al.114 did not find any difference in Lysholm scores for 

ACI and microfracture procedures at 16-years postoperatively in their RCT. The 

findings of Knutsen et al. are interesting, as most of the ACI patients included in this 

thesis were the same as those in the Knutsen study. In paper 2, a clinically relevant and 

significantly better KOOS QoL score was found in ACI patients compared to those 

without surgical cartilage treatment and microfracture. A possible explanation could be 

the superior quality of cartilage after ACI, even though there does not appear to be a 

correlation between repair cartilage quality and clinical outcomes191, 198, 203, 204. 

Microfracture has been regarded as the “golden standard” in surgical cartilage 

treatment and several comparative studies includes a microfracture group, but the 

evidence for such a status is scarce82. Microfracture has never been demonstrated to be 

superior to debridement or non-operative treatment of cartilage lesions81. In a recent 

randomised study from the Norwegian Cartilage Project, debridement achieved 

equivalent or superior PROM scores compared with ACI in lesions > 2 cm2 at a 2-

years follow-up205. In paper 2 we used non-surgically treated lesions as reference in 

the regression models. Few studies have compared cartilage surgery with non-surgical 

treatment. In a study from the Norwegian Knee Ligament Register, Røtterud et al.206 

demonstrated inferior results for microfracture compared to non-surgical treatment at 2 

years following concomitant ACL surgery. In Paper 2, there was a tendency towards 
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inferior KOOS in the microfracture group compared to the non-surgical treatment 

group, although the difference was not statistically significant. In addition to the 

current literature, this further emphasises that less invasive or non-operative treatment 

might serve better as a control group in comparative cartilage studies.  

One concern regarding non-operative cartilage treatment is that several studies suggest 

that a prolonged delay from symptom onset to cartilage surgery is negatively 

correlated with the extent of cartilage injury and the PROM postoperatively199, 207. This 

might suggest that a preliminary period of non-operation could negatively affect the 

outcome of any later cartilage surgery. However, two large studies including more than 

2800 and 6000 patients, respectively, from the German Cartilage Registry found no 

effect of symptom duration on either the preoperative or postoperative PROM scores 

in cartilage patients198, 208. Furthermore, the knowledge regarding the natural history of 

cartilage lesions and which lesions that remain symptomatic after the initial trauma is 

limited69, 193, 208, 209. Thus, an initial period of exploratory non-operative treatment 

might be advisable for symptomatic cartilage lesions. 

However, the optimal non-operative treatment for focal cartilage lesions remains 

unknown210, 211. While there are several studies on the importance of physical training 

in osteoarthritis210-212, only one study has focused on physiotherapy in focal cartilage 

patients23. Wondrasch et al23. demonstrated the feasibility of a 3-month rehabilitation 

program focusing on neuromuscular and progressive resistance training in patients 

scheduled for focal cartilage surgery. The patients experienced significant and 

clinically relevant improvement in knee function and 65% of them cancelled their 

scheduled cartilage surgery. 

Several studies have been conducted on orthobiologics in knee osteoarthritis, and 

ESSKA has recently endorsed the use of both PRP and cell-based (mesenchymal stem 

cell) injections in the treatment of osteoarthritis213, 214. Orthobiologics in osteoarthritis 

are, however, still controversial, and several internationally recognised guidelines 

recommend not using them due to the lack of high-quality evidence of clinically 

meaningful effects215, 216. In the treatment of focal cartilage lesions, there is currently 

limited evidence regarding the effect of orthobiolgics191. 
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There are no nerve endings in the cartilage, the source of pain in patients with cartilage 

lesions remains elusive192, and there is limited knowledge regarding the natural history 

of focal cartilage lesions69. Two models have been proposed to explain the cause of 

pain in cartilage lesions186, 217: synovitis and breaching of the subchondral bone plate, 

causing fluid under pressure to enter the highly innervated subchondral osteons217. In 

Paper 3, we demonstrated inferior patient-reported outcomes after knee arthroplasty in 

patients with pervious arthroscopically verified focal cartilage lesions. One of the 

reasons for persistent pain in patients with knee arthroplasty might be a higher degree 

of persistent synovitis, as focal cartilage lesions are known to substantially impair joint 

homeostasis158. The patients in our cohort have first had a period with a symptomatic 

cartilage lesion and then likely a period with symptomatic osteoarthritis before they 

underwent knee arthroplasty surgery. Thus, the degree of synovitis and altered joint 

homeostasis may be more profound than in patients with knee arthroplasty after 

idiopathic osteoarthritis. The likely prolonged period of symptoms before knee 

arthroplasty in the cartilage patients may also have led to a sensitisation to pain. A 

longer duration of preoperative pain has been shown to predict less improvement in 

pain after knee arthroplasty185. Furthermore, preoperative pain catastrophising is 

associated with increased pain in patients with knee arthroplasty176. Chronic pain may 

also be associated with symptoms of depression, which have been demonstrated to be 

correlated with inferior patient satisfaction in arthroplasty patients177, 218. Additionally, 
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as patients scheduled for knee arthroplasty22, 186, it is possible that patients with 

previous cartilage lesions had less severe preoperative osteoarthritis compared to the 

control group from NAR.  

It does not seem to be a correlation in the cartilage quality or thickness and knee 

function neither in focal cartilage lesions nor osteoarthritis156, 198, 222. Faber et al.198, in 

a large study from the German Cartilage Registry, did not find any correlation between 

cartilage repair quality on MRI and patient satisfaction. Faber et al.198, thus suggest 

that PROM should be the “golden standard” when reporting results in cartilage studies. 

Bacon et al.222 demonstrated that, although statistically significant, the correlation 

between cartilage thickness and pain in osteoarthritis patients were weak. In a 

randomised, placebo-controlled study, Hochberg et al223. demonstrated a significant 

and substantial effect of Sprifermin on cartilage thickness in osteoarthritis. The 

significant effect on the cartilage were, however, not correlated with any improvement 

in pain. Based on their own findings and those of Hochberg et al.223, Bacon et al.222 

concluded that, at least in osteoarthritis, no treatment focused on improving cartilage 

thickness would be able to achieve any clinically relevant effect on patient satisfaction. 

 

12. Future perspectives 
· RCTs on cartilage surgeries involving a sham surgery arm should be performed to 

demonstrate that the effect on patient-reported outcomes is not purely placebo. The 

importance of a sham-surgery control group has been highlighted by Moseley et 

al.224 in osteoarthritis and by Sihvonen et al.225 in degenerative menisci.  

· The natural history of focal cartilage lesions should be better understood. The 

reasons for why some cartilage lesions remain asymptomatic while others are 

detrimental to knee function needs to be investigated. 

· The optimal nonoperative treatment of patients with focal cartilage lesions should 

be investigated and most likely applied before surgical treatment is considered. 

· Several studies have investigated the sources of pain in osteoarthritis.179 The 

sources of pain in knees with focal cartilage lesions should be studied. 
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detrimental to knee function needs to be investigated. 
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· Several studies have investigated the sources of pain in osteoarthritis.179 The 

sources of pain in knees with focal cartilage lesions should be studied. 
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· Future cartilage treatment modalities should target the sources of symptoms in 

addition to the cartilage lesion itself.  

· Cartilage treatment registries or large cohort studies are needed to monitor rare but 

potentially serious adverse effects as well as that novel treatment options do not 

underperform. 

· PROM should be the primary outcome of prospective cartilage studies as suggested 

by the German Cartilage Registry198, and cartilage repair quality assessed by MRI 

or histology should only be secondary outcomes. 

 

13. Conclusion and clinical implications 
This thesis, with its nearly 20-years follow up of a cohort of patients with 

arthroscopically verified focal cartilage lesions, provides new knowledge of their long-

term prognosis. Additionally, it provides new insights into the long-term outcomes of 

nonsurgical treatment of focal cartilage lesions. These are important factors in the 

shared decision-making process of choosing the optimal treatment for a patient with a 

focal cartilage lesion. 

Focal cartilage lesions increased the risk of requiring a later knee arthroplasty, 

especially in the younger population. Surgical treatment of cartilage lesions does not 

seem to reduce the risk of knee arthroplasty, suggesting that fear of subsequent 

osteoarthritis may not be an indication for cartilage surgery. The only modifiable risk 

factor for knee arthroplasty we found was the patient’s Body Mass Index. This finding 

suggests that the guidance of patients with FCLs regarding lifestyle changes may be 

important. 

Patients with focal cartilage lesions in the knee did, however, report improved 

outcomes at long-term follow-up compared to what they had reported before index 

cartilage surgery, regardless of treatment strategy. However, patients treated with 

Autologous Chondrocyte Implantation reported significantly and clinically relevant 

better KOOS QoL than those treated with other treatment strategies. They also had 

lower odds of treatment failure, despite an increased risk of knee arthroplasty. 
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Patients who had undergone knee arthroplasty surgery after a previous focal cartilage 

lesion reported significantly and clinically relevant lower KOOS at mid-term follow-

up. They also had a significantly lower odds of achieving the Patient Acceptable 

Symptom State threshold than the matched knee arthroplasty cohort. These findings 

may be important factors to consider in shared decision making in patients eligible for 

knee arthroplasty and the adjustment of preoperative expectations. 
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The Long-Term Risk of Knee Arthroplasty in Patients
with Arthroscopically Verified Focal Cartilage Lesions

A Linkage Study with the Norwegian Arthroplasty Register, 1999 to 2020

Thomas Birkenes, MD, Ove Furnes, MD, PhD, Stein Haakon Laastad Lygre, PhD, Eirik Solheim, MD, PhD,
Asbjorn Aaroen, MD, PhD, Gunnar Knutsen, MD, PhD, Jon Olav Drogset, MD, PhD, Stig Heir, MD, PhD,

Lars Engebretsen, MD, PhD, Sverre Loken, MD, PhD, and Haavard Visnes, MD, PhD

Background: Focal cartilage lesions are common in the knee. The risk of later ipsilateral knee arthroplasty remains
unknown. The purposes of the present study were to evaluate the long-term cumulative risk of knee arthroplasty after
arthroscopic identification of focal cartilage lesions in the knee, to investigate the risk factors for subsequent knee arthro-
plasty, and to estimate the subsequent cumulative risk of knee arthroplasty compared with that in the general population.

Methods: Patients who had undergone surgical treatment of focal cartilage lesions at 6 major Norwegian hospitals
between 1999 and 2012 were identified. The inclusion criteria were an arthroscopically classified focal cartilage lesion in
the knee, an age of ‡18 years at the time of surgery, and available preoperative patient-reported outcomes (PROMs). The
exclusion criteria were osteoarthritis or “kissing lesions” at the time of surgery. Demographic data, later knee surgery, and
PROMs were collected with use of a questionnaire. A Cox regression model was used to adjust for and investigate the
impact of risk factors, and Kaplan-Meier analysis was performed to estimate cumulative risk. The risk of knee arthroplasty
in the present cohort was compared with that in the age-matched general Norwegian population.

Results: Of the 516 patients who were eligible, 322 patients (328 knees) consented to participate. The mean age at the
time of the index procedure was 36.8 years, and the mean duration of follow-up was 19.8 years. The 20-year cumulative
risk of knee arthroplasty in the cartilage cohort was 19.1% (95% CI, 14.6% to 23.6%). Variables that had an impact on the
risk of knee arthroplasty included an ICRS grade of 3 to 4 (hazard ratio [HR], 3.1; 95% CI, 1.1 to 8.7), an age of ‡40 years
at time of cartilage surgery (HR, 3.7; 95% CI, 1.8 to 7.7), a BMI of 25 to 29 kg/m2 (HR, 3.9; 95% CI, 1.7 to 9.0), a BMI of
‡30 kg/m2 (HR, 5.9; 95%CI, 2.4 to 14.3) at the time of follow-up, autologous chondrocyte implantation (ACI) at the time of
the index procedure (HR, 3.4; 95% CI, 1.0 to 11.4), >1 focal cartilage lesion (HR, 2.1; 95% CI, 1.1 to 3.7), and a high
preoperative visual analog scale (VAS) score for pain at the time of the index procedure (HR, 1.1; 95% CI, 1.0 to 1.1). The
risk ratio of later knee arthroplasty in the cartilage cohort as compared with the age-matched general Norwegian popu-
lation was 415.7 (95% CI, 168.8 to 1,023.5) in the 30 to 39-year age group.

Conclusions: In the present study, we found that the 20-year cumulative risk of knee arthroplasty after a focal cartilage
lesion in the knee was 19%. Deep lesions, higher age at the time of cartilage surgery, high BMI at the time of follow-up, ACI,
and >1 cartilage lesion were associated with a higher risk of knee arthroplasty.

Level of Evidence: Prognostic Level IV. See Instructions for Authors for a complete description of levels of evidence.

F
ocal cartilage lesions are common in the knee and
represent a clinical challenge1-3. In the study by Heir
et al., patients who were scheduled for cartilage surgery

reported Knee Injury and Osteoarthritis Outcome Score Quality
of Life (KOOS QoL) subscores similar to those of patients
scheduled for knee arthroplasty4. The intra-articular hyaline

cartilage is unable to heal naturally5. Several treatment options
(including microfracture, autologous chondrocyte implantation
[ACI], and mosaicplasty) are available, but the optimum treat-
ment has yet to be determined6,7. Furthermore, no treatment has
been proven to restore hyaline cartilage or decrease the risk of
osteoarthritis5.

Disclosure: TheDisclosure of Potential Conflicts of Interest forms are provided with the online version of the article (http://links.lww.com/JBJS/H503).
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TheLong-TermRiskofKneeArthroplastyinPatients
withArthroscopicallyVerifiedFocalCartilageLesions

ALinkageStudywiththeNorwegianArthroplastyRegister,1999to2020

ThomasBirkenes,MD,OveFurnes,MD,PhD,SteinHaakonLaastadLygre,PhD,EirikSolheim,MD,PhD,
AsbjornAaroen,MD,PhD,GunnarKnutsen,MD,PhD,JonOlavDrogset,MD,PhD,StigHeir,MD,PhD,

LarsEngebretsen,MD,PhD,SverreLoken,MD,PhD,andHaavardVisnes,MD,PhD

Background:Focalcartilagelesionsarecommonintheknee.Theriskoflateripsilateralkneearthroplastyremains
unknown.Thepurposesofthepresentstudyweretoevaluatethelong-termcumulativeriskofkneearthroplastyafter
arthroscopicidentificationoffocalcartilagelesionsintheknee,toinvestigatetheriskfactorsforsubsequentkneearthro-
plasty,andtoestimatethesubsequentcumulativeriskofkneearthroplastycomparedwiththatinthegeneralpopulation.

Methods:Patientswhohadundergonesurgicaltreatmentoffocalcartilagelesionsat6majorNorwegianhospitals
between1999and2012wereidentified.Theinclusioncriteriawereanarthroscopicallyclassifiedfocalcartilagelesionin
theknee,anageof‡18yearsatthetimeofsurgery,andavailablepreoperativepatient-reportedoutcomes(PROMs).The
exclusioncriteriawereosteoarthritisor“kissinglesions”atthetimeofsurgery.Demographicdata,laterkneesurgery,and
PROMswerecollectedwithuseofaquestionnaire.ACoxregressionmodelwasusedtoadjustforandinvestigatethe
impactofriskfactors,andKaplan-Meieranalysiswasperformedtoestimatecumulativerisk.Theriskofkneearthroplasty
inthepresentcohortwascomparedwiththatintheage-matchedgeneralNorwegianpopulation.

Results:Ofthe516patientswhowereeligible,322patients(328knees)consentedtoparticipate.Themeanageatthe
timeoftheindexprocedurewas36.8years,andthemeandurationoffollow-upwas19.8years.The20-yearcumulative
riskofkneearthroplastyinthecartilagecohortwas19.1%(95%CI,14.6%to23.6%).Variablesthathadanimpactonthe
riskofkneearthroplastyincludedanICRSgradeof3to4(hazardratio[HR],3.1;95%CI,1.1to8.7),anageof‡40years
attimeofcartilagesurgery(HR,3.7;95%CI,1.8to7.7),aBMIof25to29kg/m2(HR,3.9;95%CI,1.7to9.0),aBMIof
‡30kg/m2(HR,5.9;95%CI,2.4to14.3)atthetimeoffollow-up,autologouschondrocyteimplantation(ACI)atthetimeof
theindexprocedure(HR,3.4;95%CI,1.0to11.4),>1focalcartilagelesion(HR,2.1;95%CI,1.1to3.7),andahigh
preoperativevisualanalogscale(VAS)scoreforpainatthetimeoftheindexprocedure(HR,1.1;95%CI,1.0to1.1).The
riskratiooflaterkneearthroplastyinthecartilagecohortascomparedwiththeage-matchedgeneralNorwegianpopu-
lationwas415.7(95%CI,168.8to1,023.5)inthe30to39-yearagegroup.

Conclusions:Inthepresentstudy,wefoundthatthe20-yearcumulativeriskofkneearthroplastyafterafocalcartilage
lesioninthekneewas19%.Deeplesions,higherageatthetimeofcartilagesurgery,highBMIatthetimeoffollow-up,ACI,
and>1cartilagelesionwereassociatedwithahigherriskofkneearthroplasty.

LevelofEvidence:PrognosticLevelIV.SeeInstructionsforAuthorsforacompletedescriptionoflevelsofevidence.

F
ocalcartilagelesionsarecommoninthekneeand
representaclinicalchallenge1-3.InthestudybyHeir
etal.,patientswhowerescheduledforcartilagesurgery

reportedKneeInjuryandOsteoarthritisOutcomeScoreQuality
ofLife(KOOSQoL)subscoressimilartothoseofpatients
scheduledforkneearthroplasty4.Theintra-articularhyaline

cartilageisunabletohealnaturally5.Severaltreatmentoptions
(includingmicrofracture,autologouschondrocyteimplantation
[ACI],andmosaicplasty)areavailable,buttheoptimumtreat-
menthasyettobedetermined6,7.Furthermore,notreatmenthas
beenproventorestorehyalinecartilageordecreasetheriskof
osteoarthritis5.
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The Long-Term Risk of Knee Arthroplasty in Patients
with Arthroscopically Verified Focal Cartilage Lesions

A Linkage Study with the Norwegian Arthroplasty Register, 1999 to 2020
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Asbjorn Aaroen, MD, PhD, Gunnar Knutsen, MD, PhD, Jon Olav Drogset, MD, PhD, Stig Heir, MD, PhD,

Lars Engebretsen, MD, PhD, Sverre Loken, MD, PhD, and Haavard Visnes, MD, PhD

Background: Focal cartilage lesions are common in the knee. The risk of later ipsilateral knee arthroplasty remains
unknown. The purposes of the present study were to evaluate the long-term cumulative risk of knee arthroplasty after
arthroscopic identification of focal cartilage lesions in the knee, to investigate the risk factors for subsequent knee arthro-
plasty, and to estimate the subsequent cumulative risk of knee arthroplasty compared with that in the general population.

Methods: Patients who had undergone surgical treatment of focal cartilage lesions at 6 major Norwegian hospitals
between 1999 and 2012 were identified. The inclusion criteria were an arthroscopically classified focal cartilage lesion in
the knee, an age of ‡18 years at the time of surgery, and available preoperative patient-reported outcomes (PROMs). The
exclusion criteria were osteoarthritis or “kissing lesions” at the time of surgery. Demographic data, later knee surgery, and
PROMs were collected with use of a questionnaire. A Cox regression model was used to adjust for and investigate the
impact of risk factors, and Kaplan-Meier analysis was performed to estimate cumulative risk. The risk of knee arthroplasty
in the present cohort was compared with that in the age-matched general Norwegian population.

Results: Of the 516 patients who were eligible, 322 patients (328 knees) consented to participate. The mean age at the
time of the index procedure was 36.8 years, and the mean duration of follow-up was 19.8 years. The 20-year cumulative
risk of knee arthroplasty in the cartilage cohort was 19.1% (95% CI, 14.6% to 23.6%). Variables that had an impact on the
risk of knee arthroplasty included an ICRS grade of 3 to 4 (hazard ratio [HR], 3.1; 95% CI, 1.1 to 8.7), an age of ‡40 years
at time of cartilage surgery (HR, 3.7; 95% CI, 1.8 to 7.7), a BMI of 25 to 29 kg/m2 (HR, 3.9; 95% CI, 1.7 to 9.0), a BMI of
‡30 kg/m2 (HR, 5.9; 95%CI, 2.4 to 14.3) at the time of follow-up, autologous chondrocyte implantation (ACI) at the time of
the index procedure (HR, 3.4; 95% CI, 1.0 to 11.4), >1 focal cartilage lesion (HR, 2.1; 95% CI, 1.1 to 3.7), and a high
preoperative visual analog scale (VAS) score for pain at the time of the index procedure (HR, 1.1; 95% CI, 1.0 to 1.1). The
risk ratio of later knee arthroplasty in the cartilage cohort as compared with the age-matched general Norwegian popu-
lation was 415.7 (95% CI, 168.8 to 1,023.5) in the 30 to 39-year age group.

Conclusions: In the present study, we found that the 20-year cumulative risk of knee arthroplasty after a focal cartilage
lesion in the knee was 19%. Deep lesions, higher age at the time of cartilage surgery, high BMI at the time of follow-up, ACI,
and >1 cartilage lesion were associated with a higher risk of knee arthroplasty.

Level of Evidence: Prognostic Level IV. See Instructions for Authors for a complete description of levels of evidence.
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withArthroscopicallyVerifiedFocalCartilageLesions
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AsbjornAaroen,MD,PhD,GunnarKnutsen,MD,PhD,JonOlavDrogset,MD,PhD,StigHeir,MD,PhD,
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Background:Focalcartilagelesionsarecommonintheknee.Theriskoflateripsilateralkneearthroplastyremains
unknown.Thepurposesofthepresentstudyweretoevaluatethelong-termcumulativeriskofkneearthroplastyafter
arthroscopicidentificationoffocalcartilagelesionsintheknee,toinvestigatetheriskfactorsforsubsequentkneearthro-
plasty,andtoestimatethesubsequentcumulativeriskofkneearthroplastycomparedwiththatinthegeneralpopulation.

Methods:Patientswhohadundergonesurgicaltreatmentoffocalcartilagelesionsat6majorNorwegianhospitals
between1999and2012wereidentified.Theinclusioncriteriawereanarthroscopicallyclassifiedfocalcartilagelesionin
theknee,anageof‡18yearsatthetimeofsurgery,andavailablepreoperativepatient-reportedoutcomes(PROMs).The
exclusioncriteriawereosteoarthritisor“kissinglesions”atthetimeofsurgery.Demographicdata,laterkneesurgery,and
PROMswerecollectedwithuseofaquestionnaire.ACoxregressionmodelwasusedtoadjustforandinvestigatethe
impactofriskfactors,andKaplan-Meieranalysiswasperformedtoestimatecumulativerisk.Theriskofkneearthroplasty
inthepresentcohortwascomparedwiththatintheage-matchedgeneralNorwegianpopulation.

Results:Ofthe516patientswhowereeligible,322patients(328knees)consentedtoparticipate.Themeanageatthe
timeoftheindexprocedurewas36.8years,andthemeandurationoffollow-upwas19.8years.The20-yearcumulative
riskofkneearthroplastyinthecartilagecohortwas19.1%(95%CI,14.6%to23.6%).Variablesthathadanimpactonthe
riskofkneearthroplastyincludedanICRSgradeof3to4(hazardratio[HR],3.1;95%CI,1.1to8.7),anageof‡40years
attimeofcartilagesurgery(HR,3.7;95%CI,1.8to7.7),aBMIof25to29kg/m2(HR,3.9;95%CI,1.7to9.0),aBMIof
‡30kg/m2(HR,5.9;95%CI,2.4to14.3)atthetimeoffollow-up,autologouschondrocyteimplantation(ACI)atthetimeof
theindexprocedure(HR,3.4;95%CI,1.0to11.4),>1focalcartilagelesion(HR,2.1;95%CI,1.1to3.7),andahigh
preoperativevisualanalogscale(VAS)scoreforpainatthetimeoftheindexprocedure(HR,1.1;95%CI,1.0to1.1).The
riskratiooflaterkneearthroplastyinthecartilagecohortascomparedwiththeage-matchedgeneralNorwegianpopu-
lationwas415.7(95%CI,168.8to1,023.5)inthe30to39-yearagegroup.

Conclusions:Inthepresentstudy,wefoundthatthe20-yearcumulativeriskofkneearthroplastyafterafocalcartilage
lesioninthekneewas19%.Deeplesions,higherageatthetimeofcartilagesurgery,highBMIatthetimeoffollow-up,ACI,
and>1cartilagelesionwereassociatedwithahigherriskofkneearthroplasty.

LevelofEvidence:PrognosticLevelIV.SeeInstructionsforAuthorsforacompletedescriptionoflevelsofevidence.

F
ocalcartilagelesionsarecommoninthekneeand
representaclinicalchallenge

1-3
.InthestudybyHeir

etal.,patientswhowerescheduledforcartilagesurgery
reportedKneeInjuryandOsteoarthritisOutcomeScoreQuality
ofLife(KOOSQoL)subscoressimilartothoseofpatients
scheduledforkneearthroplasty

4
.Theintra-articularhyaline

cartilageisunabletohealnaturally
5
.Severaltreatmentoptions

(includingmicrofracture,autologouschondrocyteimplantation
[ACI],andmosaicplasty)areavailable,buttheoptimumtreat-
menthasyettobedetermined

6,7
.Furthermore,notreatmenthas

beenproventorestorehyalinecartilageordecreasetheriskof
osteoarthritis

5
.

Disclosure:TheDisclosureofPotentialConflictsofInterestformsareprovidedwiththeonlineversionofthearticle(http://links.lww.com/JBJS/H503).

Copyright�2023TheAuthors.PublishedbyTheJournalofBoneandJointSurgery,Incorporated.Allrightsreserved.Thisisanopenaccessarticle
distributedunderthetermsoftheCreativeCommonsAttribution-NonCommercial-NoDerivativesLicense4.0(CCBY-NC-ND),whereitispermissibletodownload
andsharetheworkprovideditisproperlycited.Theworkcannotbechangedinanywayorusedcommerciallywithoutpermissionfromthejournal.

951

COPYRIGHT�2023THEAUTHORS.PUBLISHEDBYTHEJOURNALOFBONEANDJOINTSURGERY,INCORPORATED.ALLRIGHTSRESERVED

JBoneJointSurgAm.2023;105:951-61dhttp://dx.doi.org/10.2106/JBJS.22.01174

D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.lw

w
.c

om
/jb

js
jo

ur
na

l b
y 

B
hD

M
f5

eP
H

K
av

1z
E

ou
m

1t
Q

fN
4a

+
kJ

Lh
E

Z
gb

sI
H

o4
X

M
i0

hC
yw

C
X

1A
W

nY
Q

p/
IlQ

rH
D

3i
3D

0O
dR

yi
7T

vS
F

l4
C

f3
V

C
1y

0a
bg

gQ
Z

X
dg

G
j2

M
w

lZ
Le

I=
 o

n 
06

/1
8/

20
24

TheLong-TermRiskofKneeArthroplastyinPatients
withArthroscopicallyVerifiedFocalCartilageLesions

ALinkageStudywiththeNorwegianArthroplastyRegister,1999to2020

ThomasBirkenes,MD,OveFurnes,MD,PhD,SteinHaakonLaastadLygre,PhD,EirikSolheim,MD,PhD,
AsbjornAaroen,MD,PhD,GunnarKnutsen,MD,PhD,JonOlavDrogset,MD,PhD,StigHeir,MD,PhD,

LarsEngebretsen,MD,PhD,SverreLoken,MD,PhD,andHaavardVisnes,MD,PhD

Background:Focalcartilagelesionsarecommonintheknee.Theriskoflateripsilateralkneearthroplastyremains
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plasty,andtoestimatethesubsequentcumulativeriskofkneearthroplastycomparedwiththatinthegeneralpopulation.

Methods:Patientswhohadundergonesurgicaltreatmentoffocalcartilagelesionsat6majorNorwegianhospitals
between1999and2012wereidentified.Theinclusioncriteriawereanarthroscopicallyclassifiedfocalcartilagelesionin
theknee,anageof‡18yearsatthetimeofsurgery,andavailablepreoperativepatient-reportedoutcomes(PROMs).The
exclusioncriteriawereosteoarthritisor“kissinglesions”atthetimeofsurgery.Demographicdata,laterkneesurgery,and
PROMswerecollectedwithuseofaquestionnaire.ACoxregressionmodelwasusedtoadjustforandinvestigatethe
impactofriskfactors,andKaplan-Meieranalysiswasperformedtoestimatecumulativerisk.Theriskofkneearthroplasty
inthepresentcohortwascomparedwiththatintheage-matchedgeneralNorwegianpopulation.

Results:Ofthe516patientswhowereeligible,322patients(328knees)consentedtoparticipate.Themeanageatthe
timeoftheindexprocedurewas36.8years,andthemeandurationoffollow-upwas19.8years.The20-yearcumulative
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lationwas415.7(95%CI,168.8to1,023.5)inthe30to39-yearagegroup.

Conclusions:Inthepresentstudy,wefoundthatthe20-yearcumulativeriskofkneearthroplastyafterafocalcartilage
lesioninthekneewas19%.Deeplesions,higherageatthetimeofcartilagesurgery,highBMIatthetimeoffollow-up,ACI,
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exclusioncriteriawereosteoarthritisor“kissinglesions”atthetimeofsurgery.Demographicdata,laterkneesurgery,and
PROMswerecollectedwithuseofaquestionnaire.ACoxregressionmodelwasusedtoadjustforandinvestigatethe
impactofriskfactors,andKaplan-Meieranalysiswasperformedtoestimatecumulativerisk.Theriskofkneearthroplasty
inthepresentcohortwascomparedwiththatintheage-matchedgeneralNorwegianpopulation.

Results:Ofthe516patientswhowereeligible,322patients(328knees)consentedtoparticipate.Themeanageatthe
timeoftheindexprocedurewas36.8years,andthemeandurationoffollow-upwas19.8years.The20-yearcumulative
riskofkneearthroplastyinthecartilagecohortwas19.1%(95%CI,14.6%to23.6%).Variablesthathadanimpactonthe
riskofkneearthroplastyincludedanICRSgradeof3to4(hazardratio[HR],3.1;95%CI,1.1to8.7),anageof‡40years
attimeofcartilagesurgery(HR,3.7;95%CI,1.8to7.7),aBMIof25to29kg/m2(HR,3.9;95%CI,1.7to9.0),aBMIof
‡30kg/m2(HR,5.9;95%CI,2.4to14.3)atthetimeoffollow-up,autologouschondrocyteimplantation(ACI)atthetimeof
theindexprocedure(HR,3.4;95%CI,1.0to11.4),>1focalcartilagelesion(HR,2.1;95%CI,1.1to3.7),andahigh
preoperativevisualanalogscale(VAS)scoreforpainatthetimeoftheindexprocedure(HR,1.1;95%CI,1.0to1.1).The
riskratiooflaterkneearthroplastyinthecartilagecohortascomparedwiththeage-matchedgeneralNorwegianpopu-
lationwas415.7(95%CI,168.8to1,023.5)inthe30to39-yearagegroup.

Conclusions:Inthepresentstudy,wefoundthatthe20-yearcumulativeriskofkneearthroplastyafterafocalcartilage
lesioninthekneewas19%.Deeplesions,higherageatthetimeofcartilagesurgery,highBMIatthetimeoffollow-up,ACI,
and>1cartilagelesionwereassociatedwithahigherriskofkneearthroplasty.

LevelofEvidence:PrognosticLevelIV.SeeInstructionsforAuthorsforacompletedescriptionoflevelsofevidence.

F
ocalcartilagelesionsarecommoninthekneeand
representaclinicalchallenge

1-3
.InthestudybyHeir

etal.,patientswhowerescheduledforcartilagesurgery
reportedKneeInjuryandOsteoarthritisOutcomeScoreQuality
ofLife(KOOSQoL)subscoressimilartothoseofpatients
scheduledforkneearthroplasty

4
.Theintra-articularhyaline

cartilageisunabletohealnaturally
5
.Severaltreatmentoptions

(includingmicrofracture,autologouschondrocyteimplantation
[ACI],andmosaicplasty)areavailable,buttheoptimumtreat-
menthasyettobedetermined

6,7
.Furthermore,notreatmenthas

beenproventorestorehyalinecartilageordecreasetheriskof
osteoarthritis

5
.
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Patients who have had previous knee surgery undergo
knee arthroplasty at a significantly younger age than those who
have not8. Several factors have been reported to increase the
lifetime risk of knee arthroplasty, including age, body mass
index (BMI), body height, sex, manual labor, knee injury, and
family history9,10.

Long-term articular cartilage studies have shown that
the rate of knee arthroplasty has ranged from 0% to 17% fol-
lowing regenerative cartilage surgical procedures such as mi-
crofracture, ACI, chondroplasty, or mosaicplasty11-14. The
relative risk of knee arthroplasty in patients with a previous
focal cartilage lesion versus the general population remains
unknown. Thus, the purposes of the present study were to (1)
evaluate the long-term cumulative risk of knee arthroplasty in
patients with arthroscopically verified focal cartilage lesions in
the knee, (2) to investigate the risk factors for knee arthroplasty
in patients with cartilage lesions, and (3) to estimate the relative
risk of knee arthroplasty in patients with arthroscopically
verified focal cartilage lesions as compared with the risk in the
general population.

Materials and Methods
Patients and Methods

Weidentified patients with arthroscopically verified focal
cartilage lesions that had been treated at 6 major

Norwegian hospitals between 1999 and 2012 (Fig. 1). These
hospitals were chosen because they had participated in several
prospective clinical cartilage trials in the contemporary period15-18.

The inclusion criteria in this study were (1) an arthro-
scopically verified and classified focal cartilage lesion in the
knee and (2) an age of ‡18 years at the time of surgery. At least
1 preoperative patient-reported outcome measure (PROM)
score had to be available. Exclusion criteria were cartilage
lesions that were assessed as being osteoarthritis or “kissing
lesions” intraoperatively by the surgeon (Fig. 1).

Patients who were found to be eligible for inclusion were
contacted by mail. Patients who were listed in the Norwegian
Population Register as emigrated or deceased were excluded.
Informed consent was obtained. Each patient received a ques-
tionnaire regarding their current height, weight, level of education,
knee function, additional knee surgery, and level of activity. The

Fig. 1

Flowchart illustrating the inclusion of patients in the cartilage cohort.
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Patientswhohavehadpreviouskneesurgeryundergo
kneearthroplastyatasignificantlyyoungeragethanthosewho
havenot8.Severalfactorshavebeenreportedtoincreasethe
lifetimeriskofkneearthroplasty,includingage,bodymass
index(BMI),bodyheight,sex,manuallabor,kneeinjury,and
familyhistory9,10.

Long-termarticularcartilagestudieshaveshownthat
therateofkneearthroplastyhasrangedfrom0%to17%fol-
lowingregenerativecartilagesurgicalproceduressuchasmi-
crofracture,ACI,chondroplasty,ormosaicplasty11-14.The
relativeriskofkneearthroplastyinpatientswithaprevious
focalcartilagelesionversusthegeneralpopulationremains
unknown.Thus,thepurposesofthepresentstudywereto(1)
evaluatethelong-termcumulativeriskofkneearthroplastyin
patientswitharthroscopicallyverifiedfocalcartilagelesionsin
theknee,(2)toinvestigatetheriskfactorsforkneearthroplasty
inpatientswithcartilagelesions,and(3)toestimatetherelative
riskofkneearthroplastyinpatientswitharthroscopically
verifiedfocalcartilagelesionsascomparedwiththeriskinthe
generalpopulation.

MaterialsandMethods
PatientsandMethods

Weidentifiedpatientswitharthroscopicallyverifiedfocal
cartilagelesionsthathadbeentreatedat6major

Norwegianhospitalsbetween1999and2012(Fig.1).These
hospitalswerechosenbecausetheyhadparticipatedinseveral
prospectiveclinicalcartilagetrialsinthecontemporaryperiod15-18.

Theinclusioncriteriainthisstudywere(1)anarthro-
scopicallyverifiedandclassifiedfocalcartilagelesioninthe
kneeand(2)anageof‡18yearsatthetimeofsurgery.Atleast
1preoperativepatient-reportedoutcomemeasure(PROM)
scorehadtobeavailable.Exclusioncriteriawerecartilage
lesionsthatwereassessedasbeingosteoarthritisor“kissing
lesions”intraoperativelybythesurgeon(Fig.1).

Patientswhowerefoundtobeeligibleforinclusionwere
contactedbymail.PatientswhowerelistedintheNorwegian
PopulationRegisterasemigratedordeceasedwereexcluded.
Informedconsentwasobtained.Eachpatientreceivedaques-
tionnaireregardingtheircurrentheight,weight,levelofeducation,
kneefunction,additionalkneesurgery,andlevelofactivity.The

Fig.1

Flowchartillustratingtheinclusionofpatientsinthecartilagecohort.
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generalpopulation.
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Norwegianhospitalsbetween1999and2012(Fig.1).These
hospitalswerechosenbecausetheyhadparticipatedinseveral
prospectiveclinicalcartilagetrialsinthecontemporaryperiod15-18.

Theinclusioncriteriainthisstudywere(1)anarthro-
scopicallyverifiedandclassifiedfocalcartilagelesioninthe
kneeand(2)anageof‡18yearsatthetimeofsurgery.Atleast
1preoperativepatient-reportedoutcomemeasure(PROM)
scorehadtobeavailable.Exclusioncriteriawerecartilage
lesionsthatwereassessedasbeingosteoarthritisor“kissing
lesions”intraoperativelybythesurgeon(Fig.1).
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Patients who have had previous knee surgery undergo
knee arthroplasty at a significantly younger age than those who
have not

8
. Several factors have been reported to increase the

lifetime risk of knee arthroplasty, including age, body mass
index (BMI), body height, sex, manual labor, knee injury, and
family history

9,10
.

Long-term articular cartilage studies have shown that
the rate of knee arthroplasty has ranged from 0% to 17% fol-
lowing regenerative cartilage surgical procedures such as mi-
crofracture, ACI, chondroplasty, or mosaicplasty

11-14
. The

relative risk of knee arthroplasty in patients with a previous
focal cartilage lesion versus the general population remains
unknown. Thus, the purposes of the present study were to (1)
evaluate the long-term cumulative risk of knee arthroplasty in
patients with arthroscopically verified focal cartilage lesions in
the knee, (2) to investigate the risk factors for knee arthroplasty
in patients with cartilage lesions, and (3) to estimate the relative
risk of knee arthroplasty in patients with arthroscopically
verified focal cartilage lesions as compared with the risk in the
general population.

Materials and Methods
Patients and Methods

W
eidentified patients with arthroscopically verified focal
cartilage lesions that had been treated at 6 major

Norwegian hospitals between 1999 and 2012 (Fig. 1). These
hospitals were chosen because they had participated in several
prospective clinical cartilage trials in the contemporary period

15-18
.

The inclusion criteria in this study were (1) an arthro-
scopically verified and classified focal cartilage lesion in the
knee and (2) an age of ‡18 years at the time of surgery. At least
1 preoperative patient-reported outcome measure (PROM)
score had to be available. Exclusion criteria were cartilage
lesions that were assessed as being osteoarthritis or “kissing
lesions” intraoperatively by the surgeon (Fig. 1).

Patients who were found to be eligible for inclusion were
contacted by mail. Patients who were listed in the Norwegian
Population Register as emigrated or deceased were excluded.
Informed consent was obtained. Each patient received a ques-
tionnaire regarding their current height, weight, level of education,
knee function, additional knee surgery, and level of activity. The

Fig. 1

Flowchart illustrating the inclusion of patients in the cartilage cohort.
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Patients who have had previous knee surgery undergo
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have not

8
. Several factors have been reported to increase the

lifetime risk of knee arthroplasty, including age, body mass
index (BMI), body height, sex, manual labor, knee injury, and
family history

9,10
.

Long-term articular cartilage studies have shown that
the rate of knee arthroplasty has ranged from 0% to 17% fol-
lowing regenerative cartilage surgical procedures such as mi-
crofracture, ACI, chondroplasty, or mosaicplasty

11-14
. The

relative risk of knee arthroplasty in patients with a previous
focal cartilage lesion versus the general population remains
unknown. Thus, the purposes of the present study were to (1)
evaluate the long-term cumulative risk of knee arthroplasty in
patients with arthroscopically verified focal cartilage lesions in
the knee, (2) to investigate the risk factors for knee arthroplasty
in patients with cartilage lesions, and (3) to estimate the relative
risk of knee arthroplasty in patients with arthroscopically
verified focal cartilage lesions as compared with the risk in the
general population.

Materials and Methods
Patients and Methods

W
eidentified patients with arthroscopically verified focal
cartilage lesions that had been treated at 6 major

Norwegian hospitals between 1999 and 2012 (Fig. 1). These
hospitals were chosen because they had participated in several
prospective clinical cartilage trials in the contemporary period

15-18
.

The inclusion criteria in this study were (1) an arthro-
scopically verified and classified focal cartilage lesion in the
knee and (2) an age of ‡18 years at the time of surgery. At least
1 preoperative patient-reported outcome measure (PROM)
score had to be available. Exclusion criteria were cartilage
lesions that were assessed as being osteoarthritis or “kissing
lesions” intraoperatively by the surgeon (Fig. 1).

Patients who were found to be eligible for inclusion were
contacted by mail. Patients who were listed in the Norwegian
Population Register as emigrated or deceased were excluded.
Informed consent was obtained. Each patient received a ques-
tionnaire regarding their current height, weight, level of education,
knee function, additional knee surgery, and level of activity. The
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Flowchart illustrating the inclusion of patients in the cartilage cohort.
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Patientswhohavehadpreviouskneesurgeryundergo
kneearthroplastyatasignificantlyyoungeragethanthosewho
havenot

8
.Severalfactorshavebeenreportedtoincreasethe

lifetimeriskofkneearthroplasty,includingage,bodymass
index(BMI),bodyheight,sex,manuallabor,kneeinjury,and
familyhistory

9,10
.

Long-termarticularcartilagestudieshaveshownthat
therateofkneearthroplastyhasrangedfrom0%to17%fol-
lowingregenerativecartilagesurgicalproceduressuchasmi-
crofracture,ACI,chondroplasty,ormosaicplasty

11-14
.The

relativeriskofkneearthroplastyinpatientswithaprevious
focalcartilagelesionversusthegeneralpopulationremains
unknown.Thus,thepurposesofthepresentstudywereto(1)
evaluatethelong-termcumulativeriskofkneearthroplastyin
patientswitharthroscopicallyverifiedfocalcartilagelesionsin
theknee,(2)toinvestigatetheriskfactorsforkneearthroplasty
inpatientswithcartilagelesions,and(3)toestimatetherelative
riskofkneearthroplastyinpatientswitharthroscopically
verifiedfocalcartilagelesionsascomparedwiththeriskinthe
generalpopulation.

MaterialsandMethods
PatientsandMethods

W
eidentifiedpatientswitharthroscopicallyverifiedfocal
cartilagelesionsthathadbeentreatedat6major

Norwegianhospitalsbetween1999and2012(Fig.1).These
hospitalswerechosenbecausetheyhadparticipatedinseveral
prospectiveclinicalcartilagetrialsinthecontemporaryperiod

15-18
.

Theinclusioncriteriainthisstudywere(1)anarthro-
scopicallyverifiedandclassifiedfocalcartilagelesioninthe
kneeand(2)anageof‡18yearsatthetimeofsurgery.Atleast
1preoperativepatient-reportedoutcomemeasure(PROM)
scorehadtobeavailable.Exclusioncriteriawerecartilage
lesionsthatwereassessedasbeingosteoarthritisor“kissing
lesions”intraoperativelybythesurgeon(Fig.1).

Patientswhowerefoundtobeeligibleforinclusionwere
contactedbymail.PatientswhowerelistedintheNorwegian
PopulationRegisterasemigratedordeceasedwereexcluded.
Informedconsentwasobtained.Eachpatientreceivedaques-
tionnaireregardingtheircurrentheight,weight,levelofeducation,
kneefunction,additionalkneesurgery,andlevelofactivity.The

Fig.1

Flowchartillustratingtheinclusionofpatientsinthecartilagecohort.
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.Severalfactorshavebeenreportedtoincreasethe

lifetimeriskofkneearthroplasty,includingage,bodymass
index(BMI),bodyheight,sex,manuallabor,kneeinjury,and
familyhistory
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lowingregenerativecartilagesurgicalproceduressuchasmi-
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generalpopulation.
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.
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scopicallyverifiedandclassifiedfocalcartilagelesioninthe
kneeand(2)anageof‡18yearsatthetimeofsurgery.Atleast
1preoperativepatient-reportedoutcomemeasure(PROM)
scorehadtobeavailable.Exclusioncriteriawerecartilage
lesionsthatwereassessedasbeingosteoarthritisor“kissing
lesions”intraoperativelybythesurgeon(Fig.1).

Patientswhowerefoundtobeeligibleforinclusionwere
contactedbymail.PatientswhowerelistedintheNorwegian
PopulationRegisterasemigratedordeceasedwereexcluded.
Informedconsentwasobtained.Eachpatientreceivedaques-
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lifetimeriskofkneearthroplasty,includingage,bodymass
index(BMI),bodyheight,sex,manuallabor,kneeinjury,and
familyhistory

9,10
.

Long-termarticularcartilagestudieshaveshownthat
therateofkneearthroplastyhasrangedfrom0%to17%fol-
lowingregenerativecartilagesurgicalproceduressuchasmi-
crofracture,ACI,chondroplasty,ormosaicplasty

11-14
.The

relativeriskofkneearthroplastyinpatientswithaprevious
focalcartilagelesionversusthegeneralpopulationremains
unknown.Thus,thepurposesofthepresentstudywereto(1)
evaluatethelong-termcumulativeriskofkneearthroplastyin
patientswitharthroscopicallyverifiedfocalcartilagelesionsin
theknee,(2)toinvestigatetheriskfactorsforkneearthroplasty
inpatientswithcartilagelesions,and(3)toestimatetherelative
riskofkneearthroplastyinpatientswitharthroscopically
verifiedfocalcartilagelesionsascomparedwiththeriskinthe
generalpopulation.

MaterialsandMethods
PatientsandMethods

W
eidentifiedpatientswitharthroscopicallyverifiedfocal
cartilagelesionsthathadbeentreatedat6major

Norwegianhospitalsbetween1999and2012(Fig.1).These
hospitalswerechosenbecausetheyhadparticipatedinseveral
prospectiveclinicalcartilagetrialsinthecontemporaryperiod

15-18
.

Theinclusioncriteriainthisstudywere(1)anarthro-
scopicallyverifiedandclassifiedfocalcartilagelesioninthe
kneeand(2)anageof‡18yearsatthetimeofsurgery.Atleast
1preoperativepatient-reportedoutcomemeasure(PROM)
scorehadtobeavailable.Exclusioncriteriawerecartilage
lesionsthatwereassessedasbeingosteoarthritisor“kissing
lesions”intraoperativelybythesurgeon(Fig.1).

Patientswhowerefoundtobeeligibleforinclusionwere
contactedbymail.PatientswhowerelistedintheNorwegian
PopulationRegisterasemigratedordeceasedwereexcluded.
Informedconsentwasobtained.Eachpatientreceivedaques-
tionnaireregardingtheircurrentheight,weight,levelofeducation,
kneefunction,additionalkneesurgery,andlevelofactivity.The

Fig.1

Flowchartillustratingtheinclusionofpatientsinthecartilagecohort.
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inpatientswithcartilagelesions,and(3)toestimatetherelative
riskofkneearthroplastyinpatientswitharthroscopically
verifiedfocalcartilagelesionsascomparedwiththeriskinthe
generalpopulation.
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PatientsandMethods
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prospectiveclinicalcartilagetrialsinthecontemporaryperiod
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kneeand(2)anageof‡18yearsatthetimeofsurgery.Atleast
1preoperativepatient-reportedoutcomemeasure(PROM)
scorehadtobeavailable.Exclusioncriteriawerecartilage
lesionsthatwereassessedasbeingosteoarthritisor“kissing
lesions”intraoperativelybythesurgeon(Fig.1).

Patientswhowerefoundtobeeligibleforinclusionwere
contactedbymail.PatientswhowerelistedintheNorwegian
PopulationRegisterasemigratedordeceasedwereexcluded.
Informedconsentwasobtained.Eachpatientreceivedaques-
tionnaireregardingtheircurrentheight,weight,levelofeducation,
kneefunction,additionalkneesurgery,andlevelofactivity.The
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PROMs that had been previously used were the KOOS score19,
Lysholm score20, and International Cartilage Regeneration & Joint
Preservation Society (ICRS) visual analog scale (VAS) for knee
pain21.

After informed consent had been obtained, the surgical
report and/or trial data for each participant were made available
to the main investigator (T.B.). The variables of interest included
any previous cartilage surgery; the location, size, and ICRS clas-
sification of the cartilage lesions; the type of operative treatment;
any additional procedures; and preoperative PROMs. Nine knees
in 8 patients who met the exclusion criteria at the time of surgery
were then identified and excluded (Fig. 1).

The Norwegian Arthroplasty Register (NAR) has captured
data on knee arthroplasty interventions and outcomes in Norway
since 1994 and has >95% completeness of reporting22,23. The
patients in the current study and in theNAR are identified by their
Norwegian unique identification number. Data from the NAR
included the date of knee arthroplasty, surgeon-reported cause
of knee arthroplasty (i.e., osteoarthritis, posttraumatic arthritis,
inflammatory arthritis), type of prothesis, and laterality.

A patient was registered as having a knee arthroplasty
when (1) the patient reported an ipsilateral knee arthroplasty in
the questionnaire and/or (2) the ipsilateral knee was registered
in the NAR.

The study was approved by the Regional Ethics Com-
mittee (2017/1387).

Statistical Analysis
The data were analyzed with use of SPSS Statistics (version 26;
IBM). The level of significance was set at p < 0.05.

The cumulative risk of knee arthroplasty was estimated
with use of the Kaplan-Meier method24. Cox regression models
were used to investigate risk factors for knee arthroplasty in the
study population. A graphical causal model (www.dagitty.net/
dags.html) was used to identify variables to adjust for, as sug-
gested by Westreich and Greenland25. Preoperative Lysholm
and ICRS VAS pain scores were registered for 185 and 114
patients, respectively, and no patient had recorded >1 preop-
erative PROM. The linear assumption of the Cox model was
confirmed for the preoperative VAS pain score with use of the
Box-Tidwell procedure. Survival times were calculated as the
time between cartilage surgery and knee arthroplasty or the end
of the study on December 31, 2020. The proportional hazards
assumption was fulfilled for all variables that were investigated
except for BMI group and anterior cruciate ligament (ACL)
surgery (yes or no). On the basis of a visual inspection of the
Kaplan-Meier plot, both variables were analyzed separately
according to the duration of follow up (<12 or ‡12 years).

A subgroup of patients without any concomitant pro-
cedures at the time of the index procedure were analyzed with
use of the same Cox model as described above.

The relative risk of knee arthroplasty after a cartilage
injury as compared with the risk in the age-matched general
population was estimated. The absolute risk of knee arthroplasty
in the cartilage injury cohort was estimated by dividing the
number of knee arthroplasties by the total number of knees with

cartilage injury in each age-matched group. For the general
population, the numerator was the number of all other patients
undergoing knee arthroplasty without inflammatory arthritis or
previous cartilage surgery as reported to the NAR between
January 1, 1999, and December 31, 2020. The denominator was
the average number of Norwegian citizens in the same period,
retrieved from Statistics Norway. The results were stratified in
10-year groups based on the age at the time of knee arthroplasty.

To further aid the clinical interpretation of the relative
risk of knee arthroplasty in the cartilage injury cohort as
compared with the general population, we also stratified each
10-year age group at the time of knee arthroplasty according
to when the patient underwent the index cartilage procedure.
For the general population, the absolute risk was estimated as
described in the previous paragraph. In the cartilage injury
cohort, the numerator was the number of knee arthroplasties
in each 10-year age group (at the time of cartilage surgery) and
the denominator was the total number of patients with carti-
lage injury in the same age group.

A power analysis was performed prior to inclusion. In
order to achieve an 80% chance of detecting a 4-times higher
rate of knee arthroplasty in the focal cartilage lesion cohort as
compared with the general population, we needed to include at
least 181 participants.

Source of Funding
The present study was funded by the Norwegian Research
Council through the Norwegian Cartilage Project.

Results

Of the 553 patients (563 knees) who were identified, 507
patients (516 knees) were eligible, and, of those, 322

patients (328 knees) consented to participate (Fig. 1). One
hundred and sixty-four patients (169 knees) had participated
in studies with previously published intermediate to long-term
results26-28. Most patients had a pre-enrollment radiograph that
did not show any joint-space narrowing. The demographic
characteristics of the patients are summarized in Table I. At
baseline, there were no significant differences between the
responders and nonresponders apart from the responders
being a mean of 3.0 years older (p = 0.002).

The 20-year cumulative risk of knee arthroplasty after
arthroscopic verification of a focal cartilage lesion was 19.1%
(95% confidence interval [CI], 14.6% to 23.6%). The mean age
at the index procedure for the treatment of the focal cartilage
lesion was 36.8 years, and the mean duration of follow-up was
19.8 years. The results of the Cox regression model are sum-
marized in Table II. The BMI classifications of overweight and
obese at the time of follow-up were the 2 most important risk
factors for knee arthroplasty, with an adjusted hazard ratio
(aHR) of 3.9 (95% CI, 1.7 to 9.0) and 5.9 (95% CI, 2.4 to 14.3),
respectively. The size of the cartilage lesion did not significantly
influence the risk of later knee arthroplasty, but ICRS grade-3
and 4 lesions did increase the risk of knee arthroplasty (aHR,
3.1; 95% CI, 1.1 to 8.7). ACI treatment increased the risk of
knee arthroplasty (aHR, 3.4; 95% CI, 1.0 to 11.4) compared
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PROMsthathadbeenpreviouslyusedweretheKOOSscore19,
Lysholmscore20,andInternationalCartilageRegeneration&Joint
PreservationSociety(ICRS)visualanalogscale(VAS)forknee
pain21.

Afterinformedconsenthadbeenobtained,thesurgical
reportand/ortrialdataforeachparticipantweremadeavailable
tothemaininvestigator(T.B.).Thevariablesofinterestincluded
anypreviouscartilagesurgery;thelocation,size,andICRSclas-
sificationofthecartilagelesions;thetypeofoperativetreatment;
anyadditionalprocedures;andpreoperativePROMs.Nineknees
in8patientswhomettheexclusioncriteriaatthetimeofsurgery
werethenidentifiedandexcluded(Fig.1).

TheNorwegianArthroplastyRegister(NAR)hascaptured
dataonkneearthroplastyinterventionsandoutcomesinNorway
since1994andhas>95%completenessofreporting22,23.The
patientsinthecurrentstudyandintheNARareidentifiedbytheir
Norwegianuniqueidentificationnumber.DatafromtheNAR
includedthedateofkneearthroplasty,surgeon-reportedcause
ofkneearthroplasty(i.e.,osteoarthritis,posttraumaticarthritis,
inflammatoryarthritis),typeofprothesis,andlaterality.

Apatientwasregisteredashavingakneearthroplasty
when(1)thepatientreportedanipsilateralkneearthroplastyin
thequestionnaireand/or(2)theipsilateralkneewasregistered
intheNAR.

ThestudywasapprovedbytheRegionalEthicsCom-
mittee(2017/1387).

StatisticalAnalysis
ThedatawereanalyzedwithuseofSPSSStatistics(version26;
IBM).Thelevelofsignificancewassetatp<0.05.

Thecumulativeriskofkneearthroplastywasestimated
withuseoftheKaplan-Meiermethod24.Coxregressionmodels
wereusedtoinvestigateriskfactorsforkneearthroplastyinthe
studypopulation.Agraphicalcausalmodel(www.dagitty.net/
dags.html)wasusedtoidentifyvariablestoadjustfor,assug-
gestedbyWestreichandGreenland25.PreoperativeLysholm
andICRSVASpainscoreswereregisteredfor185and114
patients,respectively,andnopatienthadrecorded>1preop-
erativePROM.ThelinearassumptionoftheCoxmodelwas
confirmedforthepreoperativeVASpainscorewithuseofthe
Box-Tidwellprocedure.Survivaltimeswerecalculatedasthe
timebetweencartilagesurgeryandkneearthroplastyortheend
ofthestudyonDecember31,2020.Theproportionalhazards
assumptionwasfulfilledforallvariablesthatwereinvestigated
exceptforBMIgroupandanteriorcruciateligament(ACL)
surgery(yesorno).Onthebasisofavisualinspectionofthe
Kaplan-Meierplot,bothvariableswereanalyzedseparately
accordingtothedurationoffollowup(<12or‡12years).

Asubgroupofpatientswithoutanyconcomitantpro-
ceduresatthetimeoftheindexprocedurewereanalyzedwith
useofthesameCoxmodelasdescribedabove.

Therelativeriskofkneearthroplastyafteracartilage
injuryascomparedwiththeriskintheage-matchedgeneral
populationwasestimated.Theabsoluteriskofkneearthroplasty
inthecartilageinjurycohortwasestimatedbydividingthe
numberofkneearthroplastiesbythetotalnumberofkneeswith

cartilageinjuryineachage-matchedgroup.Forthegeneral
population,thenumeratorwasthenumberofallotherpatients
undergoingkneearthroplastywithoutinflammatoryarthritisor
previouscartilagesurgeryasreportedtotheNARbetween
January1,1999,andDecember31,2020.Thedenominatorwas
theaveragenumberofNorwegiancitizensinthesameperiod,
retrievedfromStatisticsNorway.Theresultswerestratifiedin
10-yeargroupsbasedontheageatthetimeofkneearthroplasty.

Tofurtheraidtheclinicalinterpretationoftherelative
riskofkneearthroplastyinthecartilageinjurycohortas
comparedwiththegeneralpopulation,wealsostratifiedeach
10-yearagegroupatthetimeofkneearthroplastyaccording
towhenthepatientunderwenttheindexcartilageprocedure.
Forthegeneralpopulation,theabsoluteriskwasestimatedas
describedinthepreviousparagraph.Inthecartilageinjury
cohort,thenumeratorwasthenumberofkneearthroplasties
ineach10-yearagegroup(atthetimeofcartilagesurgery)and
thedenominatorwasthetotalnumberofpatientswithcarti-
lageinjuryinthesameagegroup.

Apoweranalysiswasperformedpriortoinclusion.In
ordertoachievean80%chanceofdetectinga4-timeshigher
rateofkneearthroplastyinthefocalcartilagelesioncohortas
comparedwiththegeneralpopulation,weneededtoincludeat
least181participants.

SourceofFunding
ThepresentstudywasfundedbytheNorwegianResearch
CouncilthroughtheNorwegianCartilageProject.

Results

Ofthe553patients(563knees)whowereidentified,507
patients(516knees)wereeligible,and,ofthose,322

patients(328knees)consentedtoparticipate(Fig.1).One
hundredandsixty-fourpatients(169knees)hadparticipated
instudieswithpreviouslypublishedintermediatetolong-term
results26-28.Mostpatientshadapre-enrollmentradiographthat
didnotshowanyjoint-spacenarrowing.Thedemographic
characteristicsofthepatientsaresummarizedinTableI.At
baseline,therewerenosignificantdifferencesbetweenthe
respondersandnonrespondersapartfromtheresponders
beingameanof3.0yearsolder(p=0.002).

The20-yearcumulativeriskofkneearthroplastyafter
arthroscopicverificationofafocalcartilagelesionwas19.1%
(95%confidenceinterval[CI],14.6%to23.6%).Themeanage
attheindexprocedureforthetreatmentofthefocalcartilage
lesionwas36.8years,andthemeandurationoffollow-upwas
19.8years.TheresultsoftheCoxregressionmodelaresum-
marizedinTableII.TheBMIclassificationsofoverweightand
obeseatthetimeoffollow-upwerethe2mostimportantrisk
factorsforkneearthroplasty,withanadjustedhazardratio
(aHR)of3.9(95%CI,1.7to9.0)and5.9(95%CI,2.4to14.3),
respectively.Thesizeofthecartilagelesiondidnotsignificantly
influencetheriskoflaterkneearthroplasty,butICRSgrade-3
and4lesionsdidincreasetheriskofkneearthroplasty(aHR,
3.1;95%CI,1.1to8.7).ACItreatmentincreasedtheriskof
kneearthroplasty(aHR,3.4;95%CI,1.0to11.4)compared
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PROMsthathadbeenpreviouslyusedweretheKOOSscore19,
Lysholmscore20,andInternationalCartilageRegeneration&Joint
PreservationSociety(ICRS)visualanalogscale(VAS)forknee
pain21.

Afterinformedconsenthadbeenobtained,thesurgical
reportand/ortrialdataforeachparticipantweremadeavailable
tothemaininvestigator(T.B.).Thevariablesofinterestincluded
anypreviouscartilagesurgery;thelocation,size,andICRSclas-
sificationofthecartilagelesions;thetypeofoperativetreatment;
anyadditionalprocedures;andpreoperativePROMs.Nineknees
in8patientswhomettheexclusioncriteriaatthetimeofsurgery
werethenidentifiedandexcluded(Fig.1).

TheNorwegianArthroplastyRegister(NAR)hascaptured
dataonkneearthroplastyinterventionsandoutcomesinNorway
since1994andhas>95%completenessofreporting22,23.The
patientsinthecurrentstudyandintheNARareidentifiedbytheir
Norwegianuniqueidentificationnumber.DatafromtheNAR
includedthedateofkneearthroplasty,surgeon-reportedcause
ofkneearthroplasty(i.e.,osteoarthritis,posttraumaticarthritis,
inflammatoryarthritis),typeofprothesis,andlaterality.

Apatientwasregisteredashavingakneearthroplasty
when(1)thepatientreportedanipsilateralkneearthroplastyin
thequestionnaireand/or(2)theipsilateralkneewasregistered
intheNAR.

ThestudywasapprovedbytheRegionalEthicsCom-
mittee(2017/1387).

StatisticalAnalysis
ThedatawereanalyzedwithuseofSPSSStatistics(version26;
IBM).Thelevelofsignificancewassetatp<0.05.

Thecumulativeriskofkneearthroplastywasestimated
withuseoftheKaplan-Meiermethod24.Coxregressionmodels
wereusedtoinvestigateriskfactorsforkneearthroplastyinthe
studypopulation.Agraphicalcausalmodel(www.dagitty.net/
dags.html)wasusedtoidentifyvariablestoadjustfor,assug-
gestedbyWestreichandGreenland25.PreoperativeLysholm
andICRSVASpainscoreswereregisteredfor185and114
patients,respectively,andnopatienthadrecorded>1preop-
erativePROM.ThelinearassumptionoftheCoxmodelwas
confirmedforthepreoperativeVASpainscorewithuseofthe
Box-Tidwellprocedure.Survivaltimeswerecalculatedasthe
timebetweencartilagesurgeryandkneearthroplastyortheend
ofthestudyonDecember31,2020.Theproportionalhazards
assumptionwasfulfilledforallvariablesthatwereinvestigated
exceptforBMIgroupandanteriorcruciateligament(ACL)
surgery(yesorno).Onthebasisofavisualinspectionofthe
Kaplan-Meierplot,bothvariableswereanalyzedseparately
accordingtothedurationoffollowup(<12or‡12years).

Asubgroupofpatientswithoutanyconcomitantpro-
ceduresatthetimeoftheindexprocedurewereanalyzedwith
useofthesameCoxmodelasdescribedabove.

Therelativeriskofkneearthroplastyafteracartilage
injuryascomparedwiththeriskintheage-matchedgeneral
populationwasestimated.Theabsoluteriskofkneearthroplasty
inthecartilageinjurycohortwasestimatedbydividingthe
numberofkneearthroplastiesbythetotalnumberofkneeswith

cartilageinjuryineachage-matchedgroup.Forthegeneral
population,thenumeratorwasthenumberofallotherpatients
undergoingkneearthroplastywithoutinflammatoryarthritisor
previouscartilagesurgeryasreportedtotheNARbetween
January1,1999,andDecember31,2020.Thedenominatorwas
theaveragenumberofNorwegiancitizensinthesameperiod,
retrievedfromStatisticsNorway.Theresultswerestratifiedin
10-yeargroupsbasedontheageatthetimeofkneearthroplasty.

Tofurtheraidtheclinicalinterpretationoftherelative
riskofkneearthroplastyinthecartilageinjurycohortas
comparedwiththegeneralpopulation,wealsostratifiedeach
10-yearagegroupatthetimeofkneearthroplastyaccording
towhenthepatientunderwenttheindexcartilageprocedure.
Forthegeneralpopulation,theabsoluteriskwasestimatedas
describedinthepreviousparagraph.Inthecartilageinjury
cohort,thenumeratorwasthenumberofkneearthroplasties
ineach10-yearagegroup(atthetimeofcartilagesurgery)and
thedenominatorwasthetotalnumberofpatientswithcarti-
lageinjuryinthesameagegroup.

Apoweranalysiswasperformedpriortoinclusion.In
ordertoachievean80%chanceofdetectinga4-timeshigher
rateofkneearthroplastyinthefocalcartilagelesioncohortas
comparedwiththegeneralpopulation,weneededtoincludeat
least181participants.

SourceofFunding
ThepresentstudywasfundedbytheNorwegianResearch
CouncilthroughtheNorwegianCartilageProject.

Results

Ofthe553patients(563knees)whowereidentified,507
patients(516knees)wereeligible,and,ofthose,322

patients(328knees)consentedtoparticipate(Fig.1).One
hundredandsixty-fourpatients(169knees)hadparticipated
instudieswithpreviouslypublishedintermediatetolong-term
results26-28.Mostpatientshadapre-enrollmentradiographthat
didnotshowanyjoint-spacenarrowing.Thedemographic
characteristicsofthepatientsaresummarizedinTableI.At
baseline,therewerenosignificantdifferencesbetweenthe
respondersandnonrespondersapartfromtheresponders
beingameanof3.0yearsolder(p=0.002).

The20-yearcumulativeriskofkneearthroplastyafter
arthroscopicverificationofafocalcartilagelesionwas19.1%
(95%confidenceinterval[CI],14.6%to23.6%).Themeanage
attheindexprocedureforthetreatmentofthefocalcartilage
lesionwas36.8years,andthemeandurationoffollow-upwas
19.8years.TheresultsoftheCoxregressionmodelaresum-
marizedinTableII.TheBMIclassificationsofoverweightand
obeseatthetimeoffollow-upwerethe2mostimportantrisk
factorsforkneearthroplasty,withanadjustedhazardratio
(aHR)of3.9(95%CI,1.7to9.0)and5.9(95%CI,2.4to14.3),
respectively.Thesizeofthecartilagelesiondidnotsignificantly
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PROMs that had been previously used were the KOOS score
19
,

Lysholm score
20
, and International Cartilage Regeneration & Joint

Preservation Society (ICRS) visual analog scale (VAS) for knee
pain

21
.
After informed consent had been obtained, the surgical

report and/or trial data for each participant were made available
to the main investigator (T.B.). The variables of interest included
any previous cartilage surgery; the location, size, and ICRS clas-
sification of the cartilage lesions; the type of operative treatment;
any additional procedures; and preoperative PROMs. Nine knees
in 8 patients who met the exclusion criteria at the time of surgery
were then identified and excluded (Fig. 1).

The Norwegian Arthroplasty Register (NAR) has captured
data on knee arthroplasty interventions and outcomes in Norway
since 1994 and has >95% completeness of reporting

22,23
. The

patients in the current study and in theNAR are identified by their
Norwegian unique identification number. Data from the NAR
included the date of knee arthroplasty, surgeon-reported cause
of knee arthroplasty (i.e., osteoarthritis, posttraumatic arthritis,
inflammatory arthritis), type of prothesis, and laterality.

A patient was registered as having a knee arthroplasty
when (1) the patient reported an ipsilateral knee arthroplasty in
the questionnaire and/or (2) the ipsilateral knee was registered
in the NAR.

The study was approved by the Regional Ethics Com-
mittee (2017/1387).

Statistical Analysis
The data were analyzed with use of SPSS Statistics (version 26;
IBM). The level of significance was set at p < 0.05.

The cumulative risk of knee arthroplasty was estimated
with use of the Kaplan-Meier method

24
. Cox regression models

were used to investigate risk factors for knee arthroplasty in the
study population. A graphical causal model (www.dagitty.net/
dags.html) was used to identify variables to adjust for, as sug-
gested by Westreich and Greenland

25
. Preoperative Lysholm

and ICRS VAS pain scores were registered for 185 and 114
patients, respectively, and no patient had recorded >1 preop-
erative PROM. The linear assumption of the Cox model was
confirmed for the preoperative VAS pain score with use of the
Box-Tidwell procedure. Survival times were calculated as the
time between cartilage surgery and knee arthroplasty or the end
of the study on December 31, 2020. The proportional hazards
assumption was fulfilled for all variables that were investigated
except for BMI group and anterior cruciate ligament (ACL)
surgery (yes or no). On the basis of a visual inspection of the
Kaplan-Meier plot, both variables were analyzed separately
according to the duration of follow up (<12 or ‡12 years).

A subgroup of patients without any concomitant pro-
cedures at the time of the index procedure were analyzed with
use of the same Cox model as described above.

The relative risk of knee arthroplasty after a cartilage
injury as compared with the risk in the age-matched general
population was estimated. The absolute risk of knee arthroplasty
in the cartilage injury cohort was estimated by dividing the
number of knee arthroplasties by the total number of knees with

cartilage injury in each age-matched group. For the general
population, the numerator was the number of all other patients
undergoing knee arthroplasty without inflammatory arthritis or
previous cartilage surgery as reported to the NAR between
January 1, 1999, and December 31, 2020. The denominator was
the average number of Norwegian citizens in the same period,
retrieved from Statistics Norway. The results were stratified in
10-year groups based on the age at the time of knee arthroplasty.

To further aid the clinical interpretation of the relative
risk of knee arthroplasty in the cartilage injury cohort as
compared with the general population, we also stratified each
10-year age group at the time of knee arthroplasty according
to when the patient underwent the index cartilage procedure.
For the general population, the absolute risk was estimated as
described in the previous paragraph. In the cartilage injury
cohort, the numerator was the number of knee arthroplasties
in each 10-year age group (at the time of cartilage surgery) and
the denominator was the total number of patients with carti-
lage injury in the same age group.

A power analysis was performed prior to inclusion. In
order to achieve an 80% chance of detecting a 4-times higher
rate of knee arthroplasty in the focal cartilage lesion cohort as
compared with the general population, we needed to include at
least 181 participants.

Source of Funding
The present study was funded by the Norwegian Research
Council through the Norwegian Cartilage Project.

Results

O
f the 553 patients (563 knees) who were identified, 507
patients (516 knees) were eligible, and, of those, 322

patients (328 knees) consented to participate (Fig. 1). One
hundred and sixty-four patients (169 knees) had participated
in studies with previously published intermediate to long-term
results

26-28
. Most patients had a pre-enrollment radiograph that

did not show any joint-space narrowing. The demographic
characteristics of the patients are summarized in Table I. At
baseline, there were no significant differences between the
responders and nonresponders apart from the responders
being a mean of 3.0 years older (p = 0.002).

The 20-year cumulative risk of knee arthroplasty after
arthroscopic verification of a focal cartilage lesion was 19.1%
(95% confidence interval [CI], 14.6% to 23.6%). The mean age
at the index procedure for the treatment of the focal cartilage
lesion was 36.8 years, and the mean duration of follow-up was
19.8 years. The results of the Cox regression model are sum-
marized in Table II. The BMI classifications of overweight and
obese at the time of follow-up were the 2 most important risk
factors for knee arthroplasty, with an adjusted hazard ratio
(aHR) of 3.9 (95% CI, 1.7 to 9.0) and 5.9 (95% CI, 2.4 to 14.3),
respectively. The size of the cartilage lesion did not significantly
influence the risk of later knee arthroplasty, but ICRS grade-3
and 4 lesions did increase the risk of knee arthroplasty (aHR,
3.1; 95% CI, 1.1 to 8.7). ACI treatment increased the risk of
knee arthroplasty (aHR, 3.4; 95% CI, 1.0 to 11.4) compared
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PROMs that had been previously used were the KOOS score
19
,

Lysholm score
20
, and International Cartilage Regeneration & Joint

Preservation Society (ICRS) visual analog scale (VAS) for knee
pain

21
.
After informed consent had been obtained, the surgical

report and/or trial data for each participant were made available
to the main investigator (T.B.). The variables of interest included
any previous cartilage surgery; the location, size, and ICRS clas-
sification of the cartilage lesions; the type of operative treatment;
any additional procedures; and preoperative PROMs. Nine knees
in 8 patients who met the exclusion criteria at the time of surgery
were then identified and excluded (Fig. 1).

The Norwegian Arthroplasty Register (NAR) has captured
data on knee arthroplasty interventions and outcomes in Norway
since 1994 and has >95% completeness of reporting

22,23
. The

patients in the current study and in theNAR are identified by their
Norwegian unique identification number. Data from the NAR
included the date of knee arthroplasty, surgeon-reported cause
of knee arthroplasty (i.e., osteoarthritis, posttraumatic arthritis,
inflammatory arthritis), type of prothesis, and laterality.

A patient was registered as having a knee arthroplasty
when (1) the patient reported an ipsilateral knee arthroplasty in
the questionnaire and/or (2) the ipsilateral knee was registered
in the NAR.

The study was approved by the Regional Ethics Com-
mittee (2017/1387).

Statistical Analysis
The data were analyzed with use of SPSS Statistics (version 26;
IBM). The level of significance was set at p < 0.05.

The cumulative risk of knee arthroplasty was estimated
with use of the Kaplan-Meier method

24
. Cox regression models

were used to investigate risk factors for knee arthroplasty in the
study population. A graphical causal model (www.dagitty.net/
dags.html) was used to identify variables to adjust for, as sug-
gested by Westreich and Greenland

25
. Preoperative Lysholm

and ICRS VAS pain scores were registered for 185 and 114
patients, respectively, and no patient had recorded >1 preop-
erative PROM. The linear assumption of the Cox model was
confirmed for the preoperative VAS pain score with use of the
Box-Tidwell procedure. Survival times were calculated as the
time between cartilage surgery and knee arthroplasty or the end
of the study on December 31, 2020. The proportional hazards
assumption was fulfilled for all variables that were investigated
except for BMI group and anterior cruciate ligament (ACL)
surgery (yes or no). On the basis of a visual inspection of the
Kaplan-Meier plot, both variables were analyzed separately
according to the duration of follow up (<12 or ‡12 years).

A subgroup of patients without any concomitant pro-
cedures at the time of the index procedure were analyzed with
use of the same Cox model as described above.

The relative risk of knee arthroplasty after a cartilage
injury as compared with the risk in the age-matched general
population was estimated. The absolute risk of knee arthroplasty
in the cartilage injury cohort was estimated by dividing the
number of knee arthroplasties by the total number of knees with

cartilage injury in each age-matched group. For the general
population, the numerator was the number of all other patients
undergoing knee arthroplasty without inflammatory arthritis or
previous cartilage surgery as reported to the NAR between
January 1, 1999, and December 31, 2020. The denominator was
the average number of Norwegian citizens in the same period,
retrieved from Statistics Norway. The results were stratified in
10-year groups based on the age at the time of knee arthroplasty.

To further aid the clinical interpretation of the relative
risk of knee arthroplasty in the cartilage injury cohort as
compared with the general population, we also stratified each
10-year age group at the time of knee arthroplasty according
to when the patient underwent the index cartilage procedure.
For the general population, the absolute risk was estimated as
described in the previous paragraph. In the cartilage injury
cohort, the numerator was the number of knee arthroplasties
in each 10-year age group (at the time of cartilage surgery) and
the denominator was the total number of patients with carti-
lage injury in the same age group.

A power analysis was performed prior to inclusion. In
order to achieve an 80% chance of detecting a 4-times higher
rate of knee arthroplasty in the focal cartilage lesion cohort as
compared with the general population, we needed to include at
least 181 participants.

Source of Funding
The present study was funded by the Norwegian Research
Council through the Norwegian Cartilage Project.

Results

O
f the 553 patients (563 knees) who were identified, 507
patients (516 knees) were eligible, and, of those, 322

patients (328 knees) consented to participate (Fig. 1). One
hundred and sixty-four patients (169 knees) had participated
in studies with previously published intermediate to long-term
results

26-28
. Most patients had a pre-enrollment radiograph that

did not show any joint-space narrowing. The demographic
characteristics of the patients are summarized in Table I. At
baseline, there were no significant differences between the
responders and nonresponders apart from the responders
being a mean of 3.0 years older (p = 0.002).

The 20-year cumulative risk of knee arthroplasty after
arthroscopic verification of a focal cartilage lesion was 19.1%
(95% confidence interval [CI], 14.6% to 23.6%). The mean age
at the index procedure for the treatment of the focal cartilage
lesion was 36.8 years, and the mean duration of follow-up was
19.8 years. The results of the Cox regression model are sum-
marized in Table II. The BMI classifications of overweight and
obese at the time of follow-up were the 2 most important risk
factors for knee arthroplasty, with an adjusted hazard ratio
(aHR) of 3.9 (95% CI, 1.7 to 9.0) and 5.9 (95% CI, 2.4 to 14.3),
respectively. The size of the cartilage lesion did not significantly
influence the risk of later knee arthroplasty, but ICRS grade-3
and 4 lesions did increase the risk of knee arthroplasty (aHR,
3.1; 95% CI, 1.1 to 8.7). ACI treatment increased the risk of
knee arthroplasty (aHR, 3.4; 95% CI, 1.0 to 11.4) compared
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PROMsthathadbeenpreviouslyusedweretheKOOSscore
19
,

Lysholmscore
20
,andInternationalCartilageRegeneration&Joint

PreservationSociety(ICRS)visualanalogscale(VAS)forknee
pain

21
.
Afterinformedconsenthadbeenobtained,thesurgical

reportand/ortrialdataforeachparticipantweremadeavailable
tothemaininvestigator(T.B.).Thevariablesofinterestincluded
anypreviouscartilagesurgery;thelocation,size,andICRSclas-
sificationofthecartilagelesions;thetypeofoperativetreatment;
anyadditionalprocedures;andpreoperativePROMs.Nineknees
in8patientswhomettheexclusioncriteriaatthetimeofsurgery
werethenidentifiedandexcluded(Fig.1).

TheNorwegianArthroplastyRegister(NAR)hascaptured
dataonkneearthroplastyinterventionsandoutcomesinNorway
since1994andhas>95%completenessofreporting

22,23
.The

patientsinthecurrentstudyandintheNARareidentifiedbytheir
Norwegianuniqueidentificationnumber.DatafromtheNAR
includedthedateofkneearthroplasty,surgeon-reportedcause
ofkneearthroplasty(i.e.,osteoarthritis,posttraumaticarthritis,
inflammatoryarthritis),typeofprothesis,andlaterality.

Apatientwasregisteredashavingakneearthroplasty
when(1)thepatientreportedanipsilateralkneearthroplastyin
thequestionnaireand/or(2)theipsilateralkneewasregistered
intheNAR.

ThestudywasapprovedbytheRegionalEthicsCom-
mittee(2017/1387).

StatisticalAnalysis
ThedatawereanalyzedwithuseofSPSSStatistics(version26;
IBM).Thelevelofsignificancewassetatp<0.05.

Thecumulativeriskofkneearthroplastywasestimated
withuseoftheKaplan-Meiermethod

24
.Coxregressionmodels

wereusedtoinvestigateriskfactorsforkneearthroplastyinthe
studypopulation.Agraphicalcausalmodel(www.dagitty.net/
dags.html)wasusedtoidentifyvariablestoadjustfor,assug-
gestedbyWestreichandGreenland

25
.PreoperativeLysholm

andICRSVASpainscoreswereregisteredfor185and114
patients,respectively,andnopatienthadrecorded>1preop-
erativePROM.ThelinearassumptionoftheCoxmodelwas
confirmedforthepreoperativeVASpainscorewithuseofthe
Box-Tidwellprocedure.Survivaltimeswerecalculatedasthe
timebetweencartilagesurgeryandkneearthroplastyortheend
ofthestudyonDecember31,2020.Theproportionalhazards
assumptionwasfulfilledforallvariablesthatwereinvestigated
exceptforBMIgroupandanteriorcruciateligament(ACL)
surgery(yesorno).Onthebasisofavisualinspectionofthe
Kaplan-Meierplot,bothvariableswereanalyzedseparately
accordingtothedurationoffollowup(<12or‡12years).

Asubgroupofpatientswithoutanyconcomitantpro-
ceduresatthetimeoftheindexprocedurewereanalyzedwith
useofthesameCoxmodelasdescribedabove.

Therelativeriskofkneearthroplastyafteracartilage
injuryascomparedwiththeriskintheage-matchedgeneral
populationwasestimated.Theabsoluteriskofkneearthroplasty
inthecartilageinjurycohortwasestimatedbydividingthe
numberofkneearthroplastiesbythetotalnumberofkneeswith

cartilageinjuryineachage-matchedgroup.Forthegeneral
population,thenumeratorwasthenumberofallotherpatients
undergoingkneearthroplastywithoutinflammatoryarthritisor
previouscartilagesurgeryasreportedtotheNARbetween
January1,1999,andDecember31,2020.Thedenominatorwas
theaveragenumberofNorwegiancitizensinthesameperiod,
retrievedfromStatisticsNorway.Theresultswerestratifiedin
10-yeargroupsbasedontheageatthetimeofkneearthroplasty.

Tofurtheraidtheclinicalinterpretationoftherelative
riskofkneearthroplastyinthecartilageinjurycohortas
comparedwiththegeneralpopulation,wealsostratifiedeach
10-yearagegroupatthetimeofkneearthroplastyaccording
towhenthepatientunderwenttheindexcartilageprocedure.
Forthegeneralpopulation,theabsoluteriskwasestimatedas
describedinthepreviousparagraph.Inthecartilageinjury
cohort,thenumeratorwasthenumberofkneearthroplasties
ineach10-yearagegroup(atthetimeofcartilagesurgery)and
thedenominatorwasthetotalnumberofpatientswithcarti-
lageinjuryinthesameagegroup.

Apoweranalysiswasperformedpriortoinclusion.In
ordertoachievean80%chanceofdetectinga4-timeshigher
rateofkneearthroplastyinthefocalcartilagelesioncohortas
comparedwiththegeneralpopulation,weneededtoincludeat
least181participants.

SourceofFunding
ThepresentstudywasfundedbytheNorwegianResearch
CouncilthroughtheNorwegianCartilageProject.

Results

O
fthe553patients(563knees)whowereidentified,507
patients(516knees)wereeligible,and,ofthose,322

patients(328knees)consentedtoparticipate(Fig.1).One
hundredandsixty-fourpatients(169knees)hadparticipated
instudieswithpreviouslypublishedintermediatetolong-term
results

26-28
.Mostpatientshadapre-enrollmentradiographthat

didnotshowanyjoint-spacenarrowing.Thedemographic
characteristicsofthepatientsaresummarizedinTableI.At
baseline,therewerenosignificantdifferencesbetweenthe
respondersandnonrespondersapartfromtheresponders
beingameanof3.0yearsolder(p=0.002).

The20-yearcumulativeriskofkneearthroplastyafter
arthroscopicverificationofafocalcartilagelesionwas19.1%
(95%confidenceinterval[CI],14.6%to23.6%).Themeanage
attheindexprocedureforthetreatmentofthefocalcartilage
lesionwas36.8years,andthemeandurationoffollow-upwas
19.8years.TheresultsoftheCoxregressionmodelaresum-
marizedinTableII.TheBMIclassificationsofoverweightand
obeseatthetimeoffollow-upwerethe2mostimportantrisk
factorsforkneearthroplasty,withanadjustedhazardratio
(aHR)of3.9(95%CI,1.7to9.0)and5.9(95%CI,2.4to14.3),
respectively.Thesizeofthecartilagelesiondidnotsignificantly
influencetheriskoflaterkneearthroplasty,butICRSgrade-3
and4lesionsdidincreasetheriskofkneearthroplasty(aHR,
3.1;95%CI,1.1to8.7).ACItreatmentincreasedtheriskof
kneearthroplasty(aHR,3.4;95%CI,1.0to11.4)compared

953

THEJOURNALOFBONE&JOINTSURGERY
d
JBJS.ORG

VOLUME105-A
d
NUMBER12

d
JUNE21,2023

LONG-TERMRISKOFKNEEARTHROPLASTYINPATIENTSWITHFOCAL

CARTILAGELESIONS

D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.lw

w
.c

om
/jb

js
jo

ur
na

l b
y 

B
hD

M
f5

eP
H

K
av

1z
E

ou
m

1t
Q

fN
4a

+
kJ

Lh
E

Z
gb

sI
H

o4
X

M
i0

hC
yw

C
X

1A
W

nY
Q

p/
IlQ

rH
D

3i
3D

0O
dR

yi
7T

vS
F

l4
C

f3
V

C
1y

0a
bg

gQ
Z

X
dg

G
j2

M
w

lZ
Le

I=
 o

n 
06

/1
8/

20
24

PROMsthathadbeenpreviouslyusedweretheKOOSscore
19
,

Lysholmscore
20
,andInternationalCartilageRegeneration&Joint

PreservationSociety(ICRS)visualanalogscale(VAS)forknee
pain

21
.
Afterinformedconsenthadbeenobtained,thesurgical

reportand/ortrialdataforeachparticipantweremadeavailable
tothemaininvestigator(T.B.).Thevariablesofinterestincluded
anypreviouscartilagesurgery;thelocation,size,andICRSclas-
sificationofthecartilagelesions;thetypeofoperativetreatment;
anyadditionalprocedures;andpreoperativePROMs.Nineknees
in8patientswhomettheexclusioncriteriaatthetimeofsurgery
werethenidentifiedandexcluded(Fig.1).

TheNorwegianArthroplastyRegister(NAR)hascaptured
dataonkneearthroplastyinterventionsandoutcomesinNorway
since1994andhas>95%completenessofreporting

22,23
.The

patientsinthecurrentstudyandintheNARareidentifiedbytheir
Norwegianuniqueidentificationnumber.DatafromtheNAR
includedthedateofkneearthroplasty,surgeon-reportedcause
ofkneearthroplasty(i.e.,osteoarthritis,posttraumaticarthritis,
inflammatoryarthritis),typeofprothesis,andlaterality.

Apatientwasregisteredashavingakneearthroplasty
when(1)thepatientreportedanipsilateralkneearthroplastyin
thequestionnaireand/or(2)theipsilateralkneewasregistered
intheNAR.

ThestudywasapprovedbytheRegionalEthicsCom-
mittee(2017/1387).

StatisticalAnalysis
ThedatawereanalyzedwithuseofSPSSStatistics(version26;
IBM).Thelevelofsignificancewassetatp<0.05.

Thecumulativeriskofkneearthroplastywasestimated
withuseoftheKaplan-Meiermethod

24
.Coxregressionmodels

wereusedtoinvestigateriskfactorsforkneearthroplastyinthe
studypopulation.Agraphicalcausalmodel(www.dagitty.net/
dags.html)wasusedtoidentifyvariablestoadjustfor,assug-
gestedbyWestreichandGreenland

25
.PreoperativeLysholm

andICRSVASpainscoreswereregisteredfor185and114
patients,respectively,andnopatienthadrecorded>1preop-
erativePROM.ThelinearassumptionoftheCoxmodelwas
confirmedforthepreoperativeVASpainscorewithuseofthe
Box-Tidwellprocedure.Survivaltimeswerecalculatedasthe
timebetweencartilagesurgeryandkneearthroplastyortheend
ofthestudyonDecember31,2020.Theproportionalhazards
assumptionwasfulfilledforallvariablesthatwereinvestigated
exceptforBMIgroupandanteriorcruciateligament(ACL)
surgery(yesorno).Onthebasisofavisualinspectionofthe
Kaplan-Meierplot,bothvariableswereanalyzedseparately
accordingtothedurationoffollowup(<12or‡12years).

Asubgroupofpatientswithoutanyconcomitantpro-
ceduresatthetimeoftheindexprocedurewereanalyzedwith
useofthesameCoxmodelasdescribedabove.

Therelativeriskofkneearthroplastyafteracartilage
injuryascomparedwiththeriskintheage-matchedgeneral
populationwasestimated.Theabsoluteriskofkneearthroplasty
inthecartilageinjurycohortwasestimatedbydividingthe
numberofkneearthroplastiesbythetotalnumberofkneeswith

cartilageinjuryineachage-matchedgroup.Forthegeneral
population,thenumeratorwasthenumberofallotherpatients
undergoingkneearthroplastywithoutinflammatoryarthritisor
previouscartilagesurgeryasreportedtotheNARbetween
January1,1999,andDecember31,2020.Thedenominatorwas
theaveragenumberofNorwegiancitizensinthesameperiod,
retrievedfromStatisticsNorway.Theresultswerestratifiedin
10-yeargroupsbasedontheageatthetimeofkneearthroplasty.

Tofurtheraidtheclinicalinterpretationoftherelative
riskofkneearthroplastyinthecartilageinjurycohortas
comparedwiththegeneralpopulation,wealsostratifiedeach
10-yearagegroupatthetimeofkneearthroplastyaccording
towhenthepatientunderwenttheindexcartilageprocedure.
Forthegeneralpopulation,theabsoluteriskwasestimatedas
describedinthepreviousparagraph.Inthecartilageinjury
cohort,thenumeratorwasthenumberofkneearthroplasties
ineach10-yearagegroup(atthetimeofcartilagesurgery)and
thedenominatorwasthetotalnumberofpatientswithcarti-
lageinjuryinthesameagegroup.

Apoweranalysiswasperformedpriortoinclusion.In
ordertoachievean80%chanceofdetectinga4-timeshigher
rateofkneearthroplastyinthefocalcartilagelesioncohortas
comparedwiththegeneralpopulation,weneededtoincludeat
least181participants.

SourceofFunding
ThepresentstudywasfundedbytheNorwegianResearch
CouncilthroughtheNorwegianCartilageProject.

Results

O
fthe553patients(563knees)whowereidentified,507
patients(516knees)wereeligible,and,ofthose,322

patients(328knees)consentedtoparticipate(Fig.1).One
hundredandsixty-fourpatients(169knees)hadparticipated
instudieswithpreviouslypublishedintermediatetolong-term
results

26-28
.Mostpatientshadapre-enrollmentradiographthat

didnotshowanyjoint-spacenarrowing.Thedemographic
characteristicsofthepatientsaresummarizedinTableI.At
baseline,therewerenosignificantdifferencesbetweenthe
respondersandnonrespondersapartfromtheresponders
beingameanof3.0yearsolder(p=0.002).

The20-yearcumulativeriskofkneearthroplastyafter
arthroscopicverificationofafocalcartilagelesionwas19.1%
(95%confidenceinterval[CI],14.6%to23.6%).Themeanage
attheindexprocedureforthetreatmentofthefocalcartilage
lesionwas36.8years,andthemeandurationoffollow-upwas
19.8years.TheresultsoftheCoxregressionmodelaresum-
marizedinTableII.TheBMIclassificationsofoverweightand
obeseatthetimeoffollow-upwerethe2mostimportantrisk
factorsforkneearthroplasty,withanadjustedhazardratio
(aHR)of3.9(95%CI,1.7to9.0)and5.9(95%CI,2.4to14.3),
respectively.Thesizeofthecartilagelesiondidnotsignificantly
influencetheriskoflaterkneearthroplasty,butICRSgrade-3
and4lesionsdidincreasetheriskofkneearthroplasty(aHR,
3.1;95%CI,1.1to8.7).ACItreatmentincreasedtheriskof
kneearthroplasty(aHR,3.4;95%CI,1.0to11.4)compared
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PROMsthathadbeenpreviouslyusedweretheKOOSscore
19
,

Lysholmscore
20
,andInternationalCartilageRegeneration&Joint

PreservationSociety(ICRS)visualanalogscale(VAS)forknee
pain

21
.
Afterinformedconsenthadbeenobtained,thesurgical

reportand/ortrialdataforeachparticipantweremadeavailable
tothemaininvestigator(T.B.).Thevariablesofinterestincluded
anypreviouscartilagesurgery;thelocation,size,andICRSclas-
sificationofthecartilagelesions;thetypeofoperativetreatment;
anyadditionalprocedures;andpreoperativePROMs.Nineknees
in8patientswhomettheexclusioncriteriaatthetimeofsurgery
werethenidentifiedandexcluded(Fig.1).

TheNorwegianArthroplastyRegister(NAR)hascaptured
dataonkneearthroplastyinterventionsandoutcomesinNorway
since1994andhas>95%completenessofreporting

22,23
.The

patientsinthecurrentstudyandintheNARareidentifiedbytheir
Norwegianuniqueidentificationnumber.DatafromtheNAR
includedthedateofkneearthroplasty,surgeon-reportedcause
ofkneearthroplasty(i.e.,osteoarthritis,posttraumaticarthritis,
inflammatoryarthritis),typeofprothesis,andlaterality.

Apatientwasregisteredashavingakneearthroplasty
when(1)thepatientreportedanipsilateralkneearthroplastyin
thequestionnaireand/or(2)theipsilateralkneewasregistered
intheNAR.

ThestudywasapprovedbytheRegionalEthicsCom-
mittee(2017/1387).

StatisticalAnalysis
ThedatawereanalyzedwithuseofSPSSStatistics(version26;
IBM).Thelevelofsignificancewassetatp<0.05.

Thecumulativeriskofkneearthroplastywasestimated
withuseoftheKaplan-Meiermethod

24
.Coxregressionmodels

wereusedtoinvestigateriskfactorsforkneearthroplastyinthe
studypopulation.Agraphicalcausalmodel(www.dagitty.net/
dags.html)wasusedtoidentifyvariablestoadjustfor,assug-
gestedbyWestreichandGreenland

25
.PreoperativeLysholm

andICRSVASpainscoreswereregisteredfor185and114
patients,respectively,andnopatienthadrecorded>1preop-
erativePROM.ThelinearassumptionoftheCoxmodelwas
confirmedforthepreoperativeVASpainscorewithuseofthe
Box-Tidwellprocedure.Survivaltimeswerecalculatedasthe
timebetweencartilagesurgeryandkneearthroplastyortheend
ofthestudyonDecember31,2020.Theproportionalhazards
assumptionwasfulfilledforallvariablesthatwereinvestigated
exceptforBMIgroupandanteriorcruciateligament(ACL)
surgery(yesorno).Onthebasisofavisualinspectionofthe
Kaplan-Meierplot,bothvariableswereanalyzedseparately
accordingtothedurationoffollowup(<12or‡12years).

Asubgroupofpatientswithoutanyconcomitantpro-
ceduresatthetimeoftheindexprocedurewereanalyzedwith
useofthesameCoxmodelasdescribedabove.

Therelativeriskofkneearthroplastyafteracartilage
injuryascomparedwiththeriskintheage-matchedgeneral
populationwasestimated.Theabsoluteriskofkneearthroplasty
inthecartilageinjurycohortwasestimatedbydividingthe
numberofkneearthroplastiesbythetotalnumberofkneeswith

cartilageinjuryineachage-matchedgroup.Forthegeneral
population,thenumeratorwasthenumberofallotherpatients
undergoingkneearthroplastywithoutinflammatoryarthritisor
previouscartilagesurgeryasreportedtotheNARbetween
January1,1999,andDecember31,2020.Thedenominatorwas
theaveragenumberofNorwegiancitizensinthesameperiod,
retrievedfromStatisticsNorway.Theresultswerestratifiedin
10-yeargroupsbasedontheageatthetimeofkneearthroplasty.

Tofurtheraidtheclinicalinterpretationoftherelative
riskofkneearthroplastyinthecartilageinjurycohortas
comparedwiththegeneralpopulation,wealsostratifiedeach
10-yearagegroupatthetimeofkneearthroplastyaccording
towhenthepatientunderwenttheindexcartilageprocedure.
Forthegeneralpopulation,theabsoluteriskwasestimatedas
describedinthepreviousparagraph.Inthecartilageinjury
cohort,thenumeratorwasthenumberofkneearthroplasties
ineach10-yearagegroup(atthetimeofcartilagesurgery)and
thedenominatorwasthetotalnumberofpatientswithcarti-
lageinjuryinthesameagegroup.

Apoweranalysiswasperformedpriortoinclusion.In
ordertoachievean80%chanceofdetectinga4-timeshigher
rateofkneearthroplastyinthefocalcartilagelesioncohortas
comparedwiththegeneralpopulation,weneededtoincludeat
least181participants.

SourceofFunding
ThepresentstudywasfundedbytheNorwegianResearch
CouncilthroughtheNorwegianCartilageProject.

Results

O
fthe553patients(563knees)whowereidentified,507
patients(516knees)wereeligible,and,ofthose,322

patients(328knees)consentedtoparticipate(Fig.1).One
hundredandsixty-fourpatients(169knees)hadparticipated
instudieswithpreviouslypublishedintermediatetolong-term
results

26-28
.Mostpatientshadapre-enrollmentradiographthat

didnotshowanyjoint-spacenarrowing.Thedemographic
characteristicsofthepatientsaresummarizedinTableI.At
baseline,therewerenosignificantdifferencesbetweenthe
respondersandnonrespondersapartfromtheresponders
beingameanof3.0yearsolder(p=0.002).

The20-yearcumulativeriskofkneearthroplastyafter
arthroscopicverificationofafocalcartilagelesionwas19.1%
(95%confidenceinterval[CI],14.6%to23.6%).Themeanage
attheindexprocedureforthetreatmentofthefocalcartilage
lesionwas36.8years,andthemeandurationoffollow-upwas
19.8years.TheresultsoftheCoxregressionmodelaresum-
marizedinTableII.TheBMIclassificationsofoverweightand
obeseatthetimeoffollow-upwerethe2mostimportantrisk
factorsforkneearthroplasty,withanadjustedhazardratio
(aHR)of3.9(95%CI,1.7to9.0)and5.9(95%CI,2.4to14.3),
respectively.Thesizeofthecartilagelesiondidnotsignificantly
influencetheriskoflaterkneearthroplasty,butICRSgrade-3
and4lesionsdidincreasetheriskofkneearthroplasty(aHR,
3.1;95%CI,1.1to8.7).ACItreatmentincreasedtheriskof
kneearthroplasty(aHR,3.4;95%CI,1.0to11.4)compared
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reportand/ortrialdataforeachparticipantweremadeavailable
tothemaininvestigator(T.B.).Thevariablesofinterestincluded
anypreviouscartilagesurgery;thelocation,size,andICRSclas-
sificationofthecartilagelesions;thetypeofoperativetreatment;
anyadditionalprocedures;andpreoperativePROMs.Nineknees
in8patientswhomettheexclusioncriteriaatthetimeofsurgery
werethenidentifiedandexcluded(Fig.1).

TheNorwegianArthroplastyRegister(NAR)hascaptured
dataonkneearthroplastyinterventionsandoutcomesinNorway
since1994andhas>95%completenessofreporting
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patientsinthecurrentstudyandintheNARareidentifiedbytheir
Norwegianuniqueidentificationnumber.DatafromtheNAR
includedthedateofkneearthroplasty,surgeon-reportedcause
ofkneearthroplasty(i.e.,osteoarthritis,posttraumaticarthritis,
inflammatoryarthritis),typeofprothesis,andlaterality.

Apatientwasregisteredashavingakneearthroplasty
when(1)thepatientreportedanipsilateralkneearthroplastyin
thequestionnaireand/or(2)theipsilateralkneewasregistered
intheNAR.

ThestudywasapprovedbytheRegionalEthicsCom-
mittee(2017/1387).

StatisticalAnalysis
ThedatawereanalyzedwithuseofSPSSStatistics(version26;
IBM).Thelevelofsignificancewassetatp<0.05.

Thecumulativeriskofkneearthroplastywasestimated
withuseoftheKaplan-Meiermethod
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dags.html)wasusedtoidentifyvariablestoadjustfor,assug-
gestedbyWestreichandGreenland
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andICRSVASpainscoreswereregisteredfor185and114
patients,respectively,andnopatienthadrecorded>1preop-
erativePROM.ThelinearassumptionoftheCoxmodelwas
confirmedforthepreoperativeVASpainscorewithuseofthe
Box-Tidwellprocedure.Survivaltimeswerecalculatedasthe
timebetweencartilagesurgeryandkneearthroplastyortheend
ofthestudyonDecember31,2020.Theproportionalhazards
assumptionwasfulfilledforallvariablesthatwereinvestigated
exceptforBMIgroupandanteriorcruciateligament(ACL)
surgery(yesorno).Onthebasisofavisualinspectionofthe
Kaplan-Meierplot,bothvariableswereanalyzedseparately
accordingtothedurationoffollowup(<12or‡12years).

Asubgroupofpatientswithoutanyconcomitantpro-
ceduresatthetimeoftheindexprocedurewereanalyzedwith
useofthesameCoxmodelasdescribedabove.

Therelativeriskofkneearthroplastyafteracartilage
injuryascomparedwiththeriskintheage-matchedgeneral
populationwasestimated.Theabsoluteriskofkneearthroplasty
inthecartilageinjurycohortwasestimatedbydividingthe
numberofkneearthroplastiesbythetotalnumberofkneeswith

cartilageinjuryineachage-matchedgroup.Forthegeneral
population,thenumeratorwasthenumberofallotherpatients
undergoingkneearthroplastywithoutinflammatoryarthritisor
previouscartilagesurgeryasreportedtotheNARbetween
January1,1999,andDecember31,2020.Thedenominatorwas
theaveragenumberofNorwegiancitizensinthesameperiod,
retrievedfromStatisticsNorway.Theresultswerestratifiedin
10-yeargroupsbasedontheageatthetimeofkneearthroplasty.

Tofurtheraidtheclinicalinterpretationoftherelative
riskofkneearthroplastyinthecartilageinjurycohortas
comparedwiththegeneralpopulation,wealsostratifiedeach
10-yearagegroupatthetimeofkneearthroplastyaccording
towhenthepatientunderwenttheindexcartilageprocedure.
Forthegeneralpopulation,theabsoluteriskwasestimatedas
describedinthepreviousparagraph.Inthecartilageinjury
cohort,thenumeratorwasthenumberofkneearthroplasties
ineach10-yearagegroup(atthetimeofcartilagesurgery)and
thedenominatorwasthetotalnumberofpatientswithcarti-
lageinjuryinthesameagegroup.

Apoweranalysiswasperformedpriortoinclusion.In
ordertoachievean80%chanceofdetectinga4-timeshigher
rateofkneearthroplastyinthefocalcartilagelesioncohortas
comparedwiththegeneralpopulation,weneededtoincludeat
least181participants.

SourceofFunding
ThepresentstudywasfundedbytheNorwegianResearch
CouncilthroughtheNorwegianCartilageProject.

Results

O
fthe553patients(563knees)whowereidentified,507
patients(516knees)wereeligible,and,ofthose,322

patients(328knees)consentedtoparticipate(Fig.1).One
hundredandsixty-fourpatients(169knees)hadparticipated
instudieswithpreviouslypublishedintermediatetolong-term
results

26-28
.Mostpatientshadapre-enrollmentradiographthat

didnotshowanyjoint-spacenarrowing.Thedemographic
characteristicsofthepatientsaresummarizedinTableI.At
baseline,therewerenosignificantdifferencesbetweenthe
respondersandnonrespondersapartfromtheresponders
beingameanof3.0yearsolder(p=0.002).

The20-yearcumulativeriskofkneearthroplastyafter
arthroscopicverificationofafocalcartilagelesionwas19.1%
(95%confidenceinterval[CI],14.6%to23.6%).Themeanage
attheindexprocedureforthetreatmentofthefocalcartilage
lesionwas36.8years,andthemeandurationoffollow-upwas
19.8years.TheresultsoftheCoxregressionmodelaresum-
marizedinTableII.TheBMIclassificationsofoverweightand
obeseatthetimeoffollow-upwerethe2mostimportantrisk
factorsforkneearthroplasty,withanadjustedhazardratio
(aHR)of3.9(95%CI,1.7to9.0)and5.9(95%CI,2.4to14.3),
respectively.Thesizeofthecartilagelesiondidnotsignificantly
influencetheriskoflaterkneearthroplasty,butICRSgrade-3
and4lesionsdidincreasetheriskofkneearthroplasty(aHR,
3.1;95%CI,1.1to8.7).ACItreatmentincreasedtheriskof
kneearthroplasty(aHR,3.4;95%CI,1.0to11.4)compared
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with no cartilage treatment at index surgery. The preoperative
Lysholm and VAS pain scores were analyzed as continuous
variables. A low preoperative Lysholm score did not signifi-
cantly increase the risk of knee arthroplasty, whereas a high
preoperative VAS pain score did and was found to be linearly
correlated with the risk. ACL reconstruction was not a risk
factor for total knee arthroplasty (TKA) at the time of the latest
follow-up, but there was an increased risk in the <12-year
follow-up group (aHR, 3.2; 95%CI, 1.4 to 7.3) (subanalysis not
presented). Increased BMI was a significant risk factor only in
the ‡12-year follow-up group.

The subanalysis of patients without any concomitant
procedures at the time of the index procedure demonstrated
no significant difference in the risk of knee arthroplasty
between the treatment groups (see Appendix). Furthermore,
an additional Cox analysis including the time period of the
index operation (1999 to 2004 or 2005 to 2012) did not alter
our findings.

The Cox adjusted survival curves of the knees with a
cartilage lesion, with knee arthroplasty as the end point, are
presented in Figures 2-A through 2-D. The survival curves

TABLE I Demographic and Descriptive Characteristics of 328
Knees with Focal Cartilage Lesions Treated with
Arthroscopic Surgery in 6 Norwegian Hospitals
Between 1999 and 2012*

No. of knees 328

Sex (male/female) (no. of knees) 188 (57%)/140 (43%)

Side (right/left) (no. of knees) 174 (53%)/154 (47%)

Age at time of surgery† (yr) 36.8 (35.6-38.0)

Time from index procedure to end
of study† (yr)

19.8 (19.4-20.2)

ICRS grade (no. of knees)

1-2 52 (15.9%)

3-4 276 (84.1%)

Size of cartilage lesion† (mm2) 201.3 (178.9-223.7)

Preop. Lysholm score (n = 184)† 49.4 (46.9-51.8)

Preop. VAS pain score (n = 105)† 44.3 (39.6-49.0)

Location of cartilage lesion (no.
of knees)

Patellofemoral 73 (22.3%)

Medial 204 (62.2%)

Lateral 51 (15.5%)

Type of cartilage lesion (no. of
knees)

Traumatic 125 (38.1%)

OCD 17 (5.2%)

Degenerative 4 (1.2%)

Not reported 182 (55.5%)

Type of treatment (no. of knees)

No cartilage treatment 93 (28.4%)

Microfracture 124 (37.8%)

Debridement 12 (3.0%)

ACI/MACI 30 (9.1%)

Mosaicplasty 53 (16.2%)

Other 16 (4.9%)

Level of education (no. of knees)

High school 155 (47.3%)

Bachelor’s/Master’s degree 164 (50.0%)

Missing information 9 (2.7%)

BMI at end of study† (kg/m2) 27.4 (26.9-27.9)

BMI category at end of study (no.
of knees)

<25 kg/m2 100 (30.5%)

25-29 kg/m2 137 (41.8%)

‡30 kg/m2 75 (22.9%)

Missing information 16 (4.9%)

Ipsilateral ACL reconstruction
(no. of knees)

50 (15.2%)

At index surgery 15 (4.6%)

Before or after index surgery 35 (10.7%)

continued

TABLE I (continued)

None 278 (84.8%)

Ipsilateral meniscal resection
(no. of knees)

100 (30.5%)

At index surgery 46 (14.0%)

Before or after index surgery 54 (16.5%)

None 228 (69.5%)

Knee arthroplasty (no. of knees) 59 (18.0%)

Male patients (n=188) 30 (16.0%)

Female patients (n=140) 29 (20.7%)

Knee arthroplasty procedures
(no. of knees)

59 (18.0%)

Total knee arthroplasty (n = 59) 48 (81.4%)

Unicompartmental knee
arthroplasty (n = 59)

8 (13.6%)

Patellofemoral knee
arthroplasty

3 (5.1%)

Age at the time of knee
arthroplasty† (yr)

Male patients 56.4 (53.1-59.7)

Female patients 51.9 (47.6-56.1)

Time from index cartilage surgery
to knee arthroplasty† (yr)

Male patients 13.9 (11.9-16.0)

Female patients 11.4 (9.0-13.8)

*N = 328 unless indicated otherwise. ICRS = International Cartilage
Repair& JointPreservationSociety, VAS= visual analog scale,OCD=
osteochondritis dissecans, ACI = autologous chondrocyte
implantation, MACI = matrix-induced ACI, ACL = anterior cruciate
ligament. †The values are given as the mean, with the 95% CI in
parenthesis.
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withnocartilagetreatmentatindexsurgery.Thepreoperative
LysholmandVASpainscoreswereanalyzedascontinuous
variables.AlowpreoperativeLysholmscoredidnotsignifi-
cantlyincreasetheriskofkneearthroplasty,whereasahigh
preoperativeVASpainscoredidandwasfoundtobelinearly
correlatedwiththerisk.ACLreconstructionwasnotarisk
factorfortotalkneearthroplasty(TKA)atthetimeofthelatest
follow-up,buttherewasanincreasedriskinthe<12-year
follow-upgroup(aHR,3.2;95%CI,1.4to7.3)(subanalysisnot
presented).IncreasedBMIwasasignificantriskfactoronlyin
the‡12-yearfollow-upgroup.

Thesubanalysisofpatientswithoutanyconcomitant
proceduresatthetimeoftheindexproceduredemonstrated
nosignificantdifferenceintheriskofkneearthroplasty
betweenthetreatmentgroups(seeAppendix).Furthermore,
anadditionalCoxanalysisincludingthetimeperiodofthe
indexoperation(1999to2004or2005to2012)didnotalter
ourfindings.

TheCoxadjustedsurvivalcurvesofthekneeswitha
cartilagelesion,withkneearthroplastyastheendpoint,are
presentedinFigures2-Athrough2-D.Thesurvivalcurves

TABLEIDemographicandDescriptiveCharacteristicsof328
KneeswithFocalCartilageLesionsTreatedwith
ArthroscopicSurgeryin6NorwegianHospitals
Between1999and2012*

No.ofknees328

Sex(male/female)(no.ofknees)188(57%)/140(43%)

Side(right/left)(no.ofknees)174(53%)/154(47%)

Ageattimeofsurgery†(yr)36.8(35.6-38.0)

Timefromindexproceduretoend
ofstudy†(yr)

19.8(19.4-20.2)

ICRSgrade(no.ofknees)

1-252(15.9%)

3-4276(84.1%)

Sizeofcartilagelesion†(mm2)201.3(178.9-223.7)

Preop.Lysholmscore(n=184)†49.4(46.9-51.8)

Preop.VASpainscore(n=105)†44.3(39.6-49.0)

Locationofcartilagelesion(no.
ofknees)

Patellofemoral73(22.3%)

Medial204(62.2%)

Lateral51(15.5%)

Typeofcartilagelesion(no.of
knees)

Traumatic125(38.1%)

OCD17(5.2%)

Degenerative4(1.2%)

Notreported182(55.5%)

Typeoftreatment(no.ofknees)

Nocartilagetreatment93(28.4%)

Microfracture124(37.8%)

Debridement12(3.0%)

ACI/MACI30(9.1%)

Mosaicplasty53(16.2%)

Other16(4.9%)

Levelofeducation(no.ofknees)

Highschool155(47.3%)

Bachelor’s/Master’sdegree164(50.0%)

Missinginformation9(2.7%)

BMIatendofstudy†(kg/m2)27.4(26.9-27.9)

BMIcategoryatendofstudy(no.
ofknees)

<25kg/m2100(30.5%)

25-29kg/m2137(41.8%)

‡30kg/m275(22.9%)

Missinginformation16(4.9%)

IpsilateralACLreconstruction
(no.ofknees)

50(15.2%)

Atindexsurgery15(4.6%)

Beforeorafterindexsurgery35(10.7%)

continued

TABLEI(continued)

None278(84.8%)

Ipsilateralmeniscalresection
(no.ofknees)

100(30.5%)

Atindexsurgery46(14.0%)

Beforeorafterindexsurgery54(16.5%)

None228(69.5%)

Kneearthroplasty(no.ofknees)59(18.0%)

Malepatients(n=188)30(16.0%)

Femalepatients(n=140)29(20.7%)

Kneearthroplastyprocedures
(no.ofknees)

59(18.0%)

Totalkneearthroplasty(n=59)48(81.4%)

Unicompartmentalknee
arthroplasty(n=59)

8(13.6%)

Patellofemoralknee
arthroplasty

3(5.1%)

Ageatthetimeofknee
arthroplasty†(yr)

Malepatients56.4(53.1-59.7)

Femalepatients51.9(47.6-56.1)

Timefromindexcartilagesurgery
tokneearthroplasty†(yr)

Malepatients13.9(11.9-16.0)

Femalepatients11.4(9.0-13.8)

*N=328unlessindicatedotherwise.ICRS=InternationalCartilage
Repair&JointPreservationSociety,VAS=visualanalogscale,OCD=
osteochondritisdissecans,ACI=autologouschondrocyte
implantation,MACI=matrix-inducedACI,ACL=anteriorcruciate
ligament.†Thevaluesaregivenasthemean,withthe95%CIin
parenthesis.
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withnocartilagetreatmentatindexsurgery.Thepreoperative
LysholmandVASpainscoreswereanalyzedascontinuous
variables.AlowpreoperativeLysholmscoredidnotsignifi-
cantlyincreasetheriskofkneearthroplasty,whereasahigh
preoperativeVASpainscoredidandwasfoundtobelinearly
correlatedwiththerisk.ACLreconstructionwasnotarisk
factorfortotalkneearthroplasty(TKA)atthetimeofthelatest
follow-up,buttherewasanincreasedriskinthe<12-year
follow-upgroup(aHR,3.2;95%CI,1.4to7.3)(subanalysisnot
presented).IncreasedBMIwasasignificantriskfactoronlyin
the‡12-yearfollow-upgroup.

Thesubanalysisofpatientswithoutanyconcomitant
proceduresatthetimeoftheindexproceduredemonstrated
nosignificantdifferenceintheriskofkneearthroplasty
betweenthetreatmentgroups(seeAppendix).Furthermore,
anadditionalCoxanalysisincludingthetimeperiodofthe
indexoperation(1999to2004or2005to2012)didnotalter
ourfindings.

TheCoxadjustedsurvivalcurvesofthekneeswitha
cartilagelesion,withkneearthroplastyastheendpoint,are
presentedinFigures2-Athrough2-D.Thesurvivalcurves

TABLEIDemographicandDescriptiveCharacteristicsof328
KneeswithFocalCartilageLesionsTreatedwith
ArthroscopicSurgeryin6NorwegianHospitals
Between1999and2012*

No.ofknees328

Sex(male/female)(no.ofknees)188(57%)/140(43%)

Side(right/left)(no.ofknees)174(53%)/154(47%)

Ageattimeofsurgery†(yr)36.8(35.6-38.0)

Timefromindexproceduretoend
ofstudy†(yr)

19.8(19.4-20.2)

ICRSgrade(no.ofknees)

1-252(15.9%)

3-4276(84.1%)

Sizeofcartilagelesion†(mm2)201.3(178.9-223.7)

Preop.Lysholmscore(n=184)†49.4(46.9-51.8)

Preop.VASpainscore(n=105)†44.3(39.6-49.0)

Locationofcartilagelesion(no.
ofknees)

Patellofemoral73(22.3%)

Medial204(62.2%)

Lateral51(15.5%)

Typeofcartilagelesion(no.of
knees)

Traumatic125(38.1%)

OCD17(5.2%)

Degenerative4(1.2%)

Notreported182(55.5%)

Typeoftreatment(no.ofknees)

Nocartilagetreatment93(28.4%)

Microfracture124(37.8%)

Debridement12(3.0%)

ACI/MACI30(9.1%)

Mosaicplasty53(16.2%)

Other16(4.9%)

Levelofeducation(no.ofknees)

Highschool155(47.3%)

Bachelor’s/Master’sdegree164(50.0%)

Missinginformation9(2.7%)

BMIatendofstudy†(kg/m2)27.4(26.9-27.9)

BMIcategoryatendofstudy(no.
ofknees)

<25kg/m2100(30.5%)

25-29kg/m2137(41.8%)

‡30kg/m275(22.9%)

Missinginformation16(4.9%)

IpsilateralACLreconstruction
(no.ofknees)

50(15.2%)

Atindexsurgery15(4.6%)

Beforeorafterindexsurgery35(10.7%)

continued

TABLEI(continued)

None278(84.8%)

Ipsilateralmeniscalresection
(no.ofknees)

100(30.5%)

Atindexsurgery46(14.0%)

Beforeorafterindexsurgery54(16.5%)

None228(69.5%)

Kneearthroplasty(no.ofknees)59(18.0%)

Malepatients(n=188)30(16.0%)

Femalepatients(n=140)29(20.7%)

Kneearthroplastyprocedures
(no.ofknees)

59(18.0%)

Totalkneearthroplasty(n=59)48(81.4%)

Unicompartmentalknee
arthroplasty(n=59)

8(13.6%)

Patellofemoralknee
arthroplasty

3(5.1%)

Ageatthetimeofknee
arthroplasty†(yr)

Malepatients56.4(53.1-59.7)

Femalepatients51.9(47.6-56.1)

Timefromindexcartilagesurgery
tokneearthroplasty†(yr)

Malepatients13.9(11.9-16.0)

Femalepatients11.4(9.0-13.8)

*N=328unlessindicatedotherwise.ICRS=InternationalCartilage
Repair&JointPreservationSociety,VAS=visualanalogscale,OCD=
osteochondritisdissecans,ACI=autologouschondrocyte
implantation,MACI=matrix-inducedACI,ACL=anteriorcruciate
ligament.†Thevaluesaregivenasthemean,withthe95%CIin
parenthesis.
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with no cartilage treatment at index surgery. The preoperative
Lysholm and VAS pain scores were analyzed as continuous
variables. A low preoperative Lysholm score did not signifi-
cantly increase the risk of knee arthroplasty, whereas a high
preoperative VAS pain score did and was found to be linearly
correlated with the risk. ACL reconstruction was not a risk
factor for total knee arthroplasty (TKA) at the time of the latest
follow-up, but there was an increased risk in the <12-year
follow-up group (aHR, 3.2; 95%CI, 1.4 to 7.3) (subanalysis not
presented). Increased BMI was a significant risk factor only in
the ‡12-year follow-up group.

The subanalysis of patients without any concomitant
procedures at the time of the index procedure demonstrated
no significant difference in the risk of knee arthroplasty
between the treatment groups (see Appendix). Furthermore,
an additional Cox analysis including the time period of the
index operation (1999 to 2004 or 2005 to 2012) did not alter
our findings.

The Cox adjusted survival curves of the knees with a
cartilage lesion, with knee arthroplasty as the end point, are
presented in Figures 2-A through 2-D. The survival curves

TABLE I Demographic and Descriptive Characteristics of 328
Knees with Focal Cartilage Lesions Treated with
Arthroscopic Surgery in 6 Norwegian Hospitals
Between 1999 and 2012*

No. of knees 328

Sex (male/female) (no. of knees) 188 (57%)/140 (43%)

Side (right/left) (no. of knees) 174 (53%)/154 (47%)

Age at time of surgery† (yr) 36.8 (35.6-38.0)

Time from index procedure to end
of study† (yr)

19.8 (19.4-20.2)

ICRS grade (no. of knees)

1-2 52 (15.9%)

3-4 276 (84.1%)

Size of cartilage lesion† (mm2) 201.3 (178.9-223.7)

Preop. Lysholm score (n = 184)† 49.4 (46.9-51.8)

Preop. VAS pain score (n = 105)† 44.3 (39.6-49.0)

Location of cartilage lesion (no.
of knees)

Patellofemoral 73 (22.3%)

Medial 204 (62.2%)

Lateral 51 (15.5%)

Type of cartilage lesion (no. of
knees)

Traumatic 125 (38.1%)

OCD 17 (5.2%)

Degenerative 4 (1.2%)

Not reported 182 (55.5%)

Type of treatment (no. of knees)

No cartilage treatment 93 (28.4%)

Microfracture 124 (37.8%)

Debridement 12 (3.0%)

ACI/MACI 30 (9.1%)

Mosaicplasty 53 (16.2%)

Other 16 (4.9%)

Level of education (no. of knees)

High school 155 (47.3%)

Bachelor’s/Master’s degree 164 (50.0%)

Missing information 9 (2.7%)

BMI at end of study† (kg/m2) 27.4 (26.9-27.9)

BMI category at end of study (no.
of knees)

<25 kg/m2 100 (30.5%)

25-29 kg/m2 137 (41.8%)

‡30 kg/m2 75 (22.9%)

Missing information 16 (4.9%)

Ipsilateral ACL reconstruction
(no. of knees)

50 (15.2%)

At index surgery 15 (4.6%)

Before or after index surgery 35 (10.7%)

continued

TABLE I (continued)

None 278 (84.8%)

Ipsilateral meniscal resection
(no. of knees)

100 (30.5%)

At index surgery 46 (14.0%)

Before or after index surgery 54 (16.5%)

None 228 (69.5%)

Knee arthroplasty (no. of knees) 59 (18.0%)

Male patients (n=188) 30 (16.0%)

Female patients (n=140) 29 (20.7%)

Knee arthroplasty procedures
(no. of knees)

59 (18.0%)

Total knee arthroplasty (n = 59) 48 (81.4%)

Unicompartmental knee
arthroplasty (n = 59)

8 (13.6%)

Patellofemoral knee
arthroplasty

3 (5.1%)

Age at the time of knee
arthroplasty† (yr)

Male patients 56.4 (53.1-59.7)

Female patients 51.9 (47.6-56.1)

Time from index cartilage surgery
to knee arthroplasty† (yr)

Male patients 13.9 (11.9-16.0)

Female patients 11.4 (9.0-13.8)

*N = 328 unless indicated otherwise. ICRS = International Cartilage
Repair& JointPreservationSociety, VAS= visual analog scale,OCD=
osteochondritis dissecans, ACI = autologous chondrocyte
implantation, MACI = matrix-induced ACI, ACL = anterior cruciate
ligament. †The values are given as the mean, with the 95% CI in
parenthesis.
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with no cartilage treatment at index surgery. The preoperative
Lysholm and VAS pain scores were analyzed as continuous
variables. A low preoperative Lysholm score did not signifi-
cantly increase the risk of knee arthroplasty, whereas a high
preoperative VAS pain score did and was found to be linearly
correlated with the risk. ACL reconstruction was not a risk
factor for total knee arthroplasty (TKA) at the time of the latest
follow-up, but there was an increased risk in the <12-year
follow-up group (aHR, 3.2; 95%CI, 1.4 to 7.3) (subanalysis not
presented). Increased BMI was a significant risk factor only in
the ‡12-year follow-up group.

The subanalysis of patients without any concomitant
procedures at the time of the index procedure demonstrated
no significant difference in the risk of knee arthroplasty
between the treatment groups (see Appendix). Furthermore,
an additional Cox analysis including the time period of the
index operation (1999 to 2004 or 2005 to 2012) did not alter
our findings.

The Cox adjusted survival curves of the knees with a
cartilage lesion, with knee arthroplasty as the end point, are
presented in Figures 2-A through 2-D. The survival curves

TABLE I Demographic and Descriptive Characteristics of 328
Knees with Focal Cartilage Lesions Treated with
Arthroscopic Surgery in 6 Norwegian Hospitals
Between 1999 and 2012*

No. of knees 328

Sex (male/female) (no. of knees) 188 (57%)/140 (43%)

Side (right/left) (no. of knees) 174 (53%)/154 (47%)

Age at time of surgery† (yr) 36.8 (35.6-38.0)

Time from index procedure to end
of study† (yr)

19.8 (19.4-20.2)

ICRS grade (no. of knees)

1-2 52 (15.9%)

3-4 276 (84.1%)

Size of cartilage lesion† (mm2) 201.3 (178.9-223.7)

Preop. Lysholm score (n = 184)† 49.4 (46.9-51.8)

Preop. VAS pain score (n = 105)† 44.3 (39.6-49.0)

Location of cartilage lesion (no.
of knees)

Patellofemoral 73 (22.3%)

Medial 204 (62.2%)

Lateral 51 (15.5%)

Type of cartilage lesion (no. of
knees)

Traumatic 125 (38.1%)

OCD 17 (5.2%)

Degenerative 4 (1.2%)

Not reported 182 (55.5%)

Type of treatment (no. of knees)

No cartilage treatment 93 (28.4%)

Microfracture 124 (37.8%)

Debridement 12 (3.0%)

ACI/MACI 30 (9.1%)

Mosaicplasty 53 (16.2%)

Other 16 (4.9%)

Level of education (no. of knees)

High school 155 (47.3%)

Bachelor’s/Master’s degree 164 (50.0%)

Missing information 9 (2.7%)

BMI at end of study† (kg/m2) 27.4 (26.9-27.9)

BMI category at end of study (no.
of knees)

<25 kg/m2 100 (30.5%)

25-29 kg/m2 137 (41.8%)

‡30 kg/m2 75 (22.9%)

Missing information 16 (4.9%)

Ipsilateral ACL reconstruction
(no. of knees)

50 (15.2%)

At index surgery 15 (4.6%)

Before or after index surgery 35 (10.7%)

continued

TABLE I (continued)

None 278 (84.8%)

Ipsilateral meniscal resection
(no. of knees)

100 (30.5%)

At index surgery 46 (14.0%)

Before or after index surgery 54 (16.5%)

None 228 (69.5%)

Knee arthroplasty (no. of knees) 59 (18.0%)

Male patients (n=188) 30 (16.0%)

Female patients (n=140) 29 (20.7%)

Knee arthroplasty procedures
(no. of knees)

59 (18.0%)

Total knee arthroplasty (n = 59) 48 (81.4%)

Unicompartmental knee
arthroplasty (n = 59)

8 (13.6%)

Patellofemoral knee
arthroplasty

3 (5.1%)

Age at the time of knee
arthroplasty† (yr)

Male patients 56.4 (53.1-59.7)

Female patients 51.9 (47.6-56.1)

Time from index cartilage surgery
to knee arthroplasty† (yr)

Male patients 13.9 (11.9-16.0)

Female patients 11.4 (9.0-13.8)

*N = 328 unless indicated otherwise. ICRS = International Cartilage
Repair& JointPreservationSociety, VAS= visual analog scale,OCD=
osteochondritis dissecans, ACI = autologous chondrocyte
implantation, MACI = matrix-induced ACI, ACL = anterior cruciate
ligament. †The values are given as the mean, with the 95% CI in
parenthesis.
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withnocartilagetreatmentatindexsurgery.Thepreoperative
LysholmandVASpainscoreswereanalyzedascontinuous
variables.AlowpreoperativeLysholmscoredidnotsignifi-
cantlyincreasetheriskofkneearthroplasty,whereasahigh
preoperativeVASpainscoredidandwasfoundtobelinearly
correlatedwiththerisk.ACLreconstructionwasnotarisk
factorfortotalkneearthroplasty(TKA)atthetimeofthelatest
follow-up,buttherewasanincreasedriskinthe<12-year
follow-upgroup(aHR,3.2;95%CI,1.4to7.3)(subanalysisnot
presented).IncreasedBMIwasasignificantriskfactoronlyin
the‡12-yearfollow-upgroup.

Thesubanalysisofpatientswithoutanyconcomitant
proceduresatthetimeoftheindexproceduredemonstrated
nosignificantdifferenceintheriskofkneearthroplasty
betweenthetreatmentgroups(seeAppendix).Furthermore,
anadditionalCoxanalysisincludingthetimeperiodofthe
indexoperation(1999to2004or2005to2012)didnotalter
ourfindings.

TheCoxadjustedsurvivalcurvesofthekneeswitha
cartilagelesion,withkneearthroplastyastheendpoint,are
presentedinFigures2-Athrough2-D.Thesurvivalcurves

TABLEIDemographicandDescriptiveCharacteristicsof328
KneeswithFocalCartilageLesionsTreatedwith
ArthroscopicSurgeryin6NorwegianHospitals
Between1999and2012*

No.ofknees328

Sex(male/female)(no.ofknees)188(57%)/140(43%)

Side(right/left)(no.ofknees)174(53%)/154(47%)

Ageattimeofsurgery†(yr)36.8(35.6-38.0)

Timefromindexproceduretoend
ofstudy†(yr)

19.8(19.4-20.2)

ICRSgrade(no.ofknees)

1-252(15.9%)

3-4276(84.1%)

Sizeofcartilagelesion†(mm2)201.3(178.9-223.7)

Preop.Lysholmscore(n=184)†49.4(46.9-51.8)

Preop.VASpainscore(n=105)†44.3(39.6-49.0)

Locationofcartilagelesion(no.
ofknees)

Patellofemoral73(22.3%)

Medial204(62.2%)

Lateral51(15.5%)

Typeofcartilagelesion(no.of
knees)

Traumatic125(38.1%)

OCD17(5.2%)

Degenerative4(1.2%)

Notreported182(55.5%)

Typeoftreatment(no.ofknees)

Nocartilagetreatment93(28.4%)

Microfracture124(37.8%)

Debridement12(3.0%)

ACI/MACI30(9.1%)

Mosaicplasty53(16.2%)

Other16(4.9%)

Levelofeducation(no.ofknees)

Highschool155(47.3%)

Bachelor’s/Master’sdegree164(50.0%)

Missinginformation9(2.7%)

BMIatendofstudy†(kg/m2)27.4(26.9-27.9)

BMIcategoryatendofstudy(no.
ofknees)

<25kg/m2100(30.5%)

25-29kg/m2137(41.8%)

‡30kg/m275(22.9%)

Missinginformation16(4.9%)

IpsilateralACLreconstruction
(no.ofknees)

50(15.2%)

Atindexsurgery15(4.6%)

Beforeorafterindexsurgery35(10.7%)

continued

TABLEI(continued)

None278(84.8%)

Ipsilateralmeniscalresection
(no.ofknees)

100(30.5%)

Atindexsurgery46(14.0%)

Beforeorafterindexsurgery54(16.5%)

None228(69.5%)

Kneearthroplasty(no.ofknees)59(18.0%)

Malepatients(n=188)30(16.0%)

Femalepatients(n=140)29(20.7%)

Kneearthroplastyprocedures
(no.ofknees)

59(18.0%)

Totalkneearthroplasty(n=59)48(81.4%)

Unicompartmentalknee
arthroplasty(n=59)

8(13.6%)

Patellofemoralknee
arthroplasty

3(5.1%)

Ageatthetimeofknee
arthroplasty†(yr)

Malepatients56.4(53.1-59.7)

Femalepatients51.9(47.6-56.1)

Timefromindexcartilagesurgery
tokneearthroplasty†(yr)

Malepatients13.9(11.9-16.0)

Femalepatients11.4(9.0-13.8)

*N=328unlessindicatedotherwise.ICRS=InternationalCartilage
Repair&JointPreservationSociety,VAS=visualanalogscale,OCD=
osteochondritisdissecans,ACI=autologouschondrocyte
implantation,MACI=matrix-inducedACI,ACL=anteriorcruciate
ligament.†Thevaluesaregivenasthemean,withthe95%CIin
parenthesis.
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withnocartilagetreatmentatindexsurgery.Thepreoperative
LysholmandVASpainscoreswereanalyzedascontinuous
variables.AlowpreoperativeLysholmscoredidnotsignifi-
cantlyincreasetheriskofkneearthroplasty,whereasahigh
preoperativeVASpainscoredidandwasfoundtobelinearly
correlatedwiththerisk.ACLreconstructionwasnotarisk
factorfortotalkneearthroplasty(TKA)atthetimeofthelatest
follow-up,buttherewasanincreasedriskinthe<12-year
follow-upgroup(aHR,3.2;95%CI,1.4to7.3)(subanalysisnot
presented).IncreasedBMIwasasignificantriskfactoronlyin
the‡12-yearfollow-upgroup.

Thesubanalysisofpatientswithoutanyconcomitant
proceduresatthetimeoftheindexproceduredemonstrated
nosignificantdifferenceintheriskofkneearthroplasty
betweenthetreatmentgroups(seeAppendix).Furthermore,
anadditionalCoxanalysisincludingthetimeperiodofthe
indexoperation(1999to2004or2005to2012)didnotalter
ourfindings.

TheCoxadjustedsurvivalcurvesofthekneeswitha
cartilagelesion,withkneearthroplastyastheendpoint,are
presentedinFigures2-Athrough2-D.Thesurvivalcurves

TABLEIDemographicandDescriptiveCharacteristicsof328
KneeswithFocalCartilageLesionsTreatedwith
ArthroscopicSurgeryin6NorwegianHospitals
Between1999and2012*

No.ofknees328

Sex(male/female)(no.ofknees)188(57%)/140(43%)

Side(right/left)(no.ofknees)174(53%)/154(47%)

Ageattimeofsurgery†(yr)36.8(35.6-38.0)

Timefromindexproceduretoend
ofstudy†(yr)

19.8(19.4-20.2)

ICRSgrade(no.ofknees)

1-252(15.9%)

3-4276(84.1%)

Sizeofcartilagelesion†(mm2)201.3(178.9-223.7)

Preop.Lysholmscore(n=184)†49.4(46.9-51.8)

Preop.VASpainscore(n=105)†44.3(39.6-49.0)

Locationofcartilagelesion(no.
ofknees)

Patellofemoral73(22.3%)

Medial204(62.2%)

Lateral51(15.5%)

Typeofcartilagelesion(no.of
knees)

Traumatic125(38.1%)

OCD17(5.2%)

Degenerative4(1.2%)

Notreported182(55.5%)

Typeoftreatment(no.ofknees)

Nocartilagetreatment93(28.4%)

Microfracture124(37.8%)

Debridement12(3.0%)

ACI/MACI30(9.1%)

Mosaicplasty53(16.2%)

Other16(4.9%)

Levelofeducation(no.ofknees)

Highschool155(47.3%)

Bachelor’s/Master’sdegree164(50.0%)

Missinginformation9(2.7%)

BMIatendofstudy†(kg/m2)27.4(26.9-27.9)

BMIcategoryatendofstudy(no.
ofknees)

<25kg/m2100(30.5%)

25-29kg/m2137(41.8%)

‡30kg/m275(22.9%)

Missinginformation16(4.9%)

IpsilateralACLreconstruction
(no.ofknees)

50(15.2%)

Atindexsurgery15(4.6%)

Beforeorafterindexsurgery35(10.7%)

continued

TABLEI(continued)

None278(84.8%)

Ipsilateralmeniscalresection
(no.ofknees)

100(30.5%)

Atindexsurgery46(14.0%)

Beforeorafterindexsurgery54(16.5%)

None228(69.5%)

Kneearthroplasty(no.ofknees)59(18.0%)

Malepatients(n=188)30(16.0%)

Femalepatients(n=140)29(20.7%)

Kneearthroplastyprocedures
(no.ofknees)

59(18.0%)

Totalkneearthroplasty(n=59)48(81.4%)

Unicompartmentalknee
arthroplasty(n=59)

8(13.6%)

Patellofemoralknee
arthroplasty

3(5.1%)

Ageatthetimeofknee
arthroplasty†(yr)

Malepatients56.4(53.1-59.7)

Femalepatients51.9(47.6-56.1)

Timefromindexcartilagesurgery
tokneearthroplasty†(yr)

Malepatients13.9(11.9-16.0)

Femalepatients11.4(9.0-13.8)

*N=328unlessindicatedotherwise.ICRS=InternationalCartilage
Repair&JointPreservationSociety,VAS=visualanalogscale,OCD=
osteochondritisdissecans,ACI=autologouschondrocyte
implantation,MACI=matrix-inducedACI,ACL=anteriorcruciate
ligament.†Thevaluesaregivenasthemean,withthe95%CIin
parenthesis.
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withnocartilagetreatmentatindexsurgery.Thepreoperative
LysholmandVASpainscoreswereanalyzedascontinuous
variables.AlowpreoperativeLysholmscoredidnotsignifi-
cantlyincreasetheriskofkneearthroplasty,whereasahigh
preoperativeVASpainscoredidandwasfoundtobelinearly
correlatedwiththerisk.ACLreconstructionwasnotarisk
factorfortotalkneearthroplasty(TKA)atthetimeofthelatest
follow-up,buttherewasanincreasedriskinthe<12-year
follow-upgroup(aHR,3.2;95%CI,1.4to7.3)(subanalysisnot
presented).IncreasedBMIwasasignificantriskfactoronlyin
the‡12-yearfollow-upgroup.

Thesubanalysisofpatientswithoutanyconcomitant
proceduresatthetimeoftheindexproceduredemonstrated
nosignificantdifferenceintheriskofkneearthroplasty
betweenthetreatmentgroups(seeAppendix).Furthermore,
anadditionalCoxanalysisincludingthetimeperiodofthe
indexoperation(1999to2004or2005to2012)didnotalter
ourfindings.

TheCoxadjustedsurvivalcurvesofthekneeswitha
cartilagelesion,withkneearthroplastyastheendpoint,are
presentedinFigures2-Athrough2-D.Thesurvivalcurves

TABLEIDemographicandDescriptiveCharacteristicsof328
KneeswithFocalCartilageLesionsTreatedwith
ArthroscopicSurgeryin6NorwegianHospitals
Between1999and2012*

No.ofknees328

Sex(male/female)(no.ofknees)188(57%)/140(43%)

Side(right/left)(no.ofknees)174(53%)/154(47%)

Ageattimeofsurgery†(yr)36.8(35.6-38.0)

Timefromindexproceduretoend
ofstudy†(yr)

19.8(19.4-20.2)

ICRSgrade(no.ofknees)

1-252(15.9%)

3-4276(84.1%)

Sizeofcartilagelesion†(mm2)201.3(178.9-223.7)

Preop.Lysholmscore(n=184)†49.4(46.9-51.8)

Preop.VASpainscore(n=105)†44.3(39.6-49.0)

Locationofcartilagelesion(no.
ofknees)

Patellofemoral73(22.3%)

Medial204(62.2%)

Lateral51(15.5%)

Typeofcartilagelesion(no.of
knees)

Traumatic125(38.1%)

OCD17(5.2%)

Degenerative4(1.2%)

Notreported182(55.5%)

Typeoftreatment(no.ofknees)

Nocartilagetreatment93(28.4%)

Microfracture124(37.8%)

Debridement12(3.0%)

ACI/MACI30(9.1%)

Mosaicplasty53(16.2%)

Other16(4.9%)

Levelofeducation(no.ofknees)

Highschool155(47.3%)

Bachelor’s/Master’sdegree164(50.0%)

Missinginformation9(2.7%)

BMIatendofstudy†(kg/m2)27.4(26.9-27.9)

BMIcategoryatendofstudy(no.
ofknees)

<25kg/m2100(30.5%)

25-29kg/m2137(41.8%)

‡30kg/m275(22.9%)

Missinginformation16(4.9%)

IpsilateralACLreconstruction
(no.ofknees)

50(15.2%)

Atindexsurgery15(4.6%)

Beforeorafterindexsurgery35(10.7%)

continued

TABLEI(continued)

None278(84.8%)

Ipsilateralmeniscalresection
(no.ofknees)

100(30.5%)

Atindexsurgery46(14.0%)

Beforeorafterindexsurgery54(16.5%)

None228(69.5%)

Kneearthroplasty(no.ofknees)59(18.0%)

Malepatients(n=188)30(16.0%)

Femalepatients(n=140)29(20.7%)

Kneearthroplastyprocedures
(no.ofknees)

59(18.0%)

Totalkneearthroplasty(n=59)48(81.4%)

Unicompartmentalknee
arthroplasty(n=59)

8(13.6%)

Patellofemoralknee
arthroplasty

3(5.1%)

Ageatthetimeofknee
arthroplasty†(yr)

Malepatients56.4(53.1-59.7)

Femalepatients51.9(47.6-56.1)

Timefromindexcartilagesurgery
tokneearthroplasty†(yr)

Malepatients13.9(11.9-16.0)

Femalepatients11.4(9.0-13.8)

*N=328unlessindicatedotherwise.ICRS=InternationalCartilage
Repair&JointPreservationSociety,VAS=visualanalogscale,OCD=
osteochondritisdissecans,ACI=autologouschondrocyte
implantation,MACI=matrix-inducedACI,ACL=anteriorcruciate
ligament.†Thevaluesaregivenasthemean,withthe95%CIin
parenthesis.
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withnocartilagetreatmentatindexsurgery.Thepreoperative
LysholmandVASpainscoreswereanalyzedascontinuous
variables.AlowpreoperativeLysholmscoredidnotsignifi-
cantlyincreasetheriskofkneearthroplasty,whereasahigh
preoperativeVASpainscoredidandwasfoundtobelinearly
correlatedwiththerisk.ACLreconstructionwasnotarisk
factorfortotalkneearthroplasty(TKA)atthetimeofthelatest
follow-up,buttherewasanincreasedriskinthe<12-year
follow-upgroup(aHR,3.2;95%CI,1.4to7.3)(subanalysisnot
presented).IncreasedBMIwasasignificantriskfactoronlyin
the‡12-yearfollow-upgroup.

Thesubanalysisofpatientswithoutanyconcomitant
proceduresatthetimeoftheindexproceduredemonstrated
nosignificantdifferenceintheriskofkneearthroplasty
betweenthetreatmentgroups(seeAppendix).Furthermore,
anadditionalCoxanalysisincludingthetimeperiodofthe
indexoperation(1999to2004or2005to2012)didnotalter
ourfindings.

TheCoxadjustedsurvivalcurvesofthekneeswitha
cartilagelesion,withkneearthroplastyastheendpoint,are
presentedinFigures2-Athrough2-D.Thesurvivalcurves

TABLEIDemographicandDescriptiveCharacteristicsof328
KneeswithFocalCartilageLesionsTreatedwith
ArthroscopicSurgeryin6NorwegianHospitals
Between1999and2012*

No.ofknees328

Sex(male/female)(no.ofknees)188(57%)/140(43%)

Side(right/left)(no.ofknees)174(53%)/154(47%)

Ageattimeofsurgery†(yr)36.8(35.6-38.0)

Timefromindexproceduretoend
ofstudy†(yr)

19.8(19.4-20.2)

ICRSgrade(no.ofknees)

1-252(15.9%)

3-4276(84.1%)

Sizeofcartilagelesion†(mm2)201.3(178.9-223.7)

Preop.Lysholmscore(n=184)†49.4(46.9-51.8)

Preop.VASpainscore(n=105)†44.3(39.6-49.0)

Locationofcartilagelesion(no.
ofknees)

Patellofemoral73(22.3%)

Medial204(62.2%)

Lateral51(15.5%)

Typeofcartilagelesion(no.of
knees)

Traumatic125(38.1%)

OCD17(5.2%)

Degenerative4(1.2%)

Notreported182(55.5%)

Typeoftreatment(no.ofknees)

Nocartilagetreatment93(28.4%)

Microfracture124(37.8%)

Debridement12(3.0%)

ACI/MACI30(9.1%)

Mosaicplasty53(16.2%)

Other16(4.9%)

Levelofeducation(no.ofknees)

Highschool155(47.3%)

Bachelor’s/Master’sdegree164(50.0%)

Missinginformation9(2.7%)

BMIatendofstudy†(kg/m2)27.4(26.9-27.9)

BMIcategoryatendofstudy(no.
ofknees)

<25kg/m2100(30.5%)

25-29kg/m2137(41.8%)

‡30kg/m275(22.9%)

Missinginformation16(4.9%)

IpsilateralACLreconstruction
(no.ofknees)

50(15.2%)

Atindexsurgery15(4.6%)

Beforeorafterindexsurgery35(10.7%)

continued

TABLEI(continued)

None278(84.8%)

Ipsilateralmeniscalresection
(no.ofknees)

100(30.5%)

Atindexsurgery46(14.0%)

Beforeorafterindexsurgery54(16.5%)

None228(69.5%)

Kneearthroplasty(no.ofknees)59(18.0%)

Malepatients(n=188)30(16.0%)

Femalepatients(n=140)29(20.7%)

Kneearthroplastyprocedures
(no.ofknees)

59(18.0%)

Totalkneearthroplasty(n=59)48(81.4%)

Unicompartmentalknee
arthroplasty(n=59)

8(13.6%)

Patellofemoralknee
arthroplasty

3(5.1%)

Ageatthetimeofknee
arthroplasty†(yr)

Malepatients56.4(53.1-59.7)

Femalepatients51.9(47.6-56.1)

Timefromindexcartilagesurgery
tokneearthroplasty†(yr)

Malepatients13.9(11.9-16.0)

Femalepatients11.4(9.0-13.8)

*N=328unlessindicatedotherwise.ICRS=InternationalCartilage
Repair&JointPreservationSociety,VAS=visualanalogscale,OCD=
osteochondritisdissecans,ACI=autologouschondrocyte
implantation,MACI=matrix-inducedACI,ACL=anteriorcruciate
ligament.†Thevaluesaregivenasthemean,withthe95%CIin
parenthesis.
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TABLE II Twenty-Year Cumulative Risk (12 Kaplan-Meier Survival) and Risk Factors Associated with Knee Arthroplasty After Cartilage Injury,
1999 to 2020, in a Focal Cartilage Lesion Cohort Linked to the Norwegian Arthroplasty Register§§§

No. of
Knees

No. of Knee
Arthroplasties

No of Knee
Arthroplasties

(TKAs/ UKAs/PFs)

20-Year
Cumulative

Risk (95% CI)
Crude HR*
(95% CI)

Adjusted HR†
(95% CI)

Total 328 59 (18.0%) of 328 19.1 (14.6-23.6)

Age at time of
surgery‡ (no. of
knees)

18-29 yr 83 (25.3%) 9 (10.8%) of 83 9 (7/0/2) 13.8 (9.7-17.9) 1

30-39 yr 128 (39.0%) 14 (10.9%) of 128 14 (12/2/0) 12.0 (5.7-18.3) 1.08 (0.47-2.50)

‡40 yr 117 (35.7%) 36 (30.8%) of 117 36 (29/6/1) 32.2 (23.2-41.2) 3.69 (1.78-7.67)

Sex‡ (no. of knees)

Male 188 (57.3%) 30 (16.0%) of 188 30 (25/5/0) 14.1 (8.8-19.4) 1

Female 140 (42.7%) 29 (20.7%) of 140 29 (23/3/3) 22.8 (15.4-30.3) 1.38 (0.83-2.30)

BMI at end of
study§ (no. of
knees)

<25 kg/m2 100 (30.5%) 7 (7.0%) of 100 7 (5/1/1) 7.2 (2.1-12.3) 1 1

25-29 kg/m2 137 (41.8%) 27 (19.7%) of 137 27 (20/6/1) 22.2 (14.6-29.8) 3.07 (1.34-7.06) 3.86 (1.65-9.00)

‡30 kg/m2 75 (22.9%) 19 (25.3%) of 75 19 (17/1/1) 27.1 (16.3-37.9) 4.1 (1.74-9.88) 5.90 (2.43-14.32)

Size of lesion# (no. of
knees)

<200 mm2 214 (65.2%) 40 (18.7%) of 214 40 (32/5/3) 20.3 (14.6-26.0) 1 1

‡200 mm2 114 (34.8%) 19 (16.7%) of 114 19 (16/3/0) 16.1 (8.8-23.4) 0.92 (0.53-1.59) 0.99 (0.55-1.78)

ICRS grade# (no. of
knees)

1-2 52 (15.9%) 4 (7.7%) of 52 4 (4/0/0) 7.7 (0.4-15.0) 1 1

3-4 276 (84.1%) 55 (19.9%) of 276 55 (44/8/3) 21.5 (16.2-26.8) 3.35 (1.21-9.27) 3.09 (1.10-8.70)

Level of education**
(no. of knees)

High school 155 (47.3%) 33 (21.3%) of 155 33 (24/6/3) 20.8 (14.1-27.5) 1 1

Bachelor’s/
Master’s degree

164 (50.0%) 22 (13.4%) of 164 22 (20/2/0) 15.8 (9.7-21.9) 0.62 (0.36-1.06) 0.60 (0.35-1.02)

ACL reconstructed at
any time†† (no. of
knees)

No 278 (84.8%) 50 (18.0%) of 278 50 (39/8/3) 19.1 (14.2-24.0) 1 1

Yes 50 (15.2%) 9 (18.0%) of 50 9 (9/0/0) 19.1 (7.1-31.1) 0.94 (0.46-1.91) 1.62 (0.76-3.47)

Meniscal resection
at any time‡‡ (no. of
knees)

Yes 100 (30.5%) 18 (18.0%) of 100 18 (18/0/0) 21.3 (12.5-30.1) 1 1

No 228 (69.5%) 41 (18%) of 228 41 (30/8/3) 18.1 (12.8-23.4) 1.0 (0.58-1.75) 0.96 (0.53-1.73)

Location of cartilage
lesion§§ (no. of
knees)

Patellofemoral 73 (22.3%) 9 (12.3%) of 73 9 (7/0/2) 13.5 (5.3-21.7) 1 1

Medial 204 (62.2%) 38 (18.6%) of 204 38 (29/8/1) 19.7 (13.8-25.6) 1.53 (0.74-3.17) 1.27 (0.58-2.78)

Lateral 51 (15.5%) 12 (23.5%) of 51 12 (12/0/0) 23.3 (11.1-35.5) 1.8 (0.74-4.30) 1.40 (0.55-3.57)

continued
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TABLEIITwenty-YearCumulativeRisk(12Kaplan-MeierSurvival)andRiskFactorsAssociatedwithKneeArthroplastyAfterCartilageInjury,
1999to2020,inaFocalCartilageLesionCohortLinkedtotheNorwegianArthroplastyRegister§§§

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative
Risk(95%CI)

CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Total32859(18.0%)of32819.1(14.6-23.6)

Ageattimeof
surgery‡(no.of
knees)

18-29yr83(25.3%)9(10.8%)of839(7/0/2)13.8(9.7-17.9)1

30-39yr128(39.0%)14(10.9%)of12814(12/2/0)12.0(5.7-18.3)1.08(0.47-2.50)

‡40yr117(35.7%)36(30.8%)of11736(29/6/1)32.2(23.2-41.2)3.69(1.78-7.67)

Sex‡(no.ofknees)

Male188(57.3%)30(16.0%)of18830(25/5/0)14.1(8.8-19.4)1

Female140(42.7%)29(20.7%)of14029(23/3/3)22.8(15.4-30.3)1.38(0.83-2.30)

BMIatendof
study§(no.of
knees)

<25kg/m2100(30.5%)7(7.0%)of1007(5/1/1)7.2(2.1-12.3)11

25-29kg/m2137(41.8%)27(19.7%)of13727(20/6/1)22.2(14.6-29.8)3.07(1.34-7.06)3.86(1.65-9.00)

‡30kg/m275(22.9%)19(25.3%)of7519(17/1/1)27.1(16.3-37.9)4.1(1.74-9.88)5.90(2.43-14.32)

Sizeoflesion#(no.of
knees)

<200mm2214(65.2%)40(18.7%)of21440(32/5/3)20.3(14.6-26.0)11

‡200mm2114(34.8%)19(16.7%)of11419(16/3/0)16.1(8.8-23.4)0.92(0.53-1.59)0.99(0.55-1.78)

ICRSgrade#(no.of
knees)

1-252(15.9%)4(7.7%)of524(4/0/0)7.7(0.4-15.0)11

3-4276(84.1%)55(19.9%)of27655(44/8/3)21.5(16.2-26.8)3.35(1.21-9.27)3.09(1.10-8.70)

Levelofeducation**
(no.ofknees)

Highschool155(47.3%)33(21.3%)of15533(24/6/3)20.8(14.1-27.5)11

Bachelor’s/
Master’sdegree

164(50.0%)22(13.4%)of16422(20/2/0)15.8(9.7-21.9)0.62(0.36-1.06)0.60(0.35-1.02)

ACLreconstructedat
anytime††(no.of
knees)

No278(84.8%)50(18.0%)of27850(39/8/3)19.1(14.2-24.0)11

Yes50(15.2%)9(18.0%)of509(9/0/0)19.1(7.1-31.1)0.94(0.46-1.91)1.62(0.76-3.47)

Meniscalresection
atanytime‡‡(no.of
knees)

Yes100(30.5%)18(18.0%)of10018(18/0/0)21.3(12.5-30.1)11

No228(69.5%)41(18%)of22841(30/8/3)18.1(12.8-23.4)1.0(0.58-1.75)0.96(0.53-1.73)

Locationofcartilage
lesion§§(no.of
knees)

Patellofemoral73(22.3%)9(12.3%)of739(7/0/2)13.5(5.3-21.7)11

Medial204(62.2%)38(18.6%)of20438(29/8/1)19.7(13.8-25.6)1.53(0.74-3.17)1.27(0.58-2.78)

Lateral51(15.5%)12(23.5%)of5112(12/0/0)23.3(11.1-35.5)1.8(0.74-4.30)1.40(0.55-3.57)
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TABLEIITwenty-YearCumulativeRisk(12Kaplan-MeierSurvival)andRiskFactorsAssociatedwithKneeArthroplastyAfterCartilageInjury,
1999to2020,inaFocalCartilageLesionCohortLinkedtotheNorwegianArthroplastyRegister§§§

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative
Risk(95%CI)

CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Total32859(18.0%)of32819.1(14.6-23.6)

Ageattimeof
surgery‡(no.of
knees)

18-29yr83(25.3%)9(10.8%)of839(7/0/2)13.8(9.7-17.9)1

30-39yr128(39.0%)14(10.9%)of12814(12/2/0)12.0(5.7-18.3)1.08(0.47-2.50)

‡40yr117(35.7%)36(30.8%)of11736(29/6/1)32.2(23.2-41.2)3.69(1.78-7.67)

Sex‡(no.ofknees)

Male188(57.3%)30(16.0%)of18830(25/5/0)14.1(8.8-19.4)1

Female140(42.7%)29(20.7%)of14029(23/3/3)22.8(15.4-30.3)1.38(0.83-2.30)

BMIatendof
study§(no.of
knees)

<25kg/m2100(30.5%)7(7.0%)of1007(5/1/1)7.2(2.1-12.3)11

25-29kg/m2137(41.8%)27(19.7%)of13727(20/6/1)22.2(14.6-29.8)3.07(1.34-7.06)3.86(1.65-9.00)

‡30kg/m275(22.9%)19(25.3%)of7519(17/1/1)27.1(16.3-37.9)4.1(1.74-9.88)5.90(2.43-14.32)

Sizeoflesion#(no.of
knees)

<200mm2214(65.2%)40(18.7%)of21440(32/5/3)20.3(14.6-26.0)11

‡200mm2114(34.8%)19(16.7%)of11419(16/3/0)16.1(8.8-23.4)0.92(0.53-1.59)0.99(0.55-1.78)

ICRSgrade#(no.of
knees)

1-252(15.9%)4(7.7%)of524(4/0/0)7.7(0.4-15.0)11

3-4276(84.1%)55(19.9%)of27655(44/8/3)21.5(16.2-26.8)3.35(1.21-9.27)3.09(1.10-8.70)

Levelofeducation**
(no.ofknees)

Highschool155(47.3%)33(21.3%)of15533(24/6/3)20.8(14.1-27.5)11

Bachelor’s/
Master’sdegree

164(50.0%)22(13.4%)of16422(20/2/0)15.8(9.7-21.9)0.62(0.36-1.06)0.60(0.35-1.02)

ACLreconstructedat
anytime††(no.of
knees)

No278(84.8%)50(18.0%)of27850(39/8/3)19.1(14.2-24.0)11

Yes50(15.2%)9(18.0%)of509(9/0/0)19.1(7.1-31.1)0.94(0.46-1.91)1.62(0.76-3.47)

Meniscalresection
atanytime‡‡(no.of
knees)

Yes100(30.5%)18(18.0%)of10018(18/0/0)21.3(12.5-30.1)11

No228(69.5%)41(18%)of22841(30/8/3)18.1(12.8-23.4)1.0(0.58-1.75)0.96(0.53-1.73)

Locationofcartilage
lesion§§(no.of
knees)

Patellofemoral73(22.3%)9(12.3%)of739(7/0/2)13.5(5.3-21.7)11

Medial204(62.2%)38(18.6%)of20438(29/8/1)19.7(13.8-25.6)1.53(0.74-3.17)1.27(0.58-2.78)

Lateral51(15.5%)12(23.5%)of5112(12/0/0)23.3(11.1-35.5)1.8(0.74-4.30)1.40(0.55-3.57)
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TABLE II Twenty-Year Cumulative Risk (12 Kaplan-Meier Survival) and Risk Factors Associated with Knee Arthroplasty After Cartilage Injury,
1999 to 2020, in a Focal Cartilage Lesion Cohort Linked to the Norwegian Arthroplasty Register§§§

No. of
Knees

No. of Knee
Arthroplasties

No of Knee
Arthroplasties

(TKAs/ UKAs/PFs)

20-Year
Cumulative

Risk (95% CI)
Crude HR*
(95% CI)

Adjusted HR†
(95% CI)

Total 328 59 (18.0%) of 328 19.1 (14.6-23.6)

Age at time of
surgery‡ (no. of
knees)

18-29 yr 83 (25.3%) 9 (10.8%) of 83 9 (7/0/2) 13.8 (9.7-17.9) 1

30-39 yr 128 (39.0%) 14 (10.9%) of 128 14 (12/2/0) 12.0 (5.7-18.3) 1.08 (0.47-2.50)

‡40 yr 117 (35.7%) 36 (30.8%) of 117 36 (29/6/1) 32.2 (23.2-41.2) 3.69 (1.78-7.67)

Sex‡ (no. of knees)

Male 188 (57.3%) 30 (16.0%) of 188 30 (25/5/0) 14.1 (8.8-19.4) 1

Female 140 (42.7%) 29 (20.7%) of 140 29 (23/3/3) 22.8 (15.4-30.3) 1.38 (0.83-2.30)

BMI at end of
study§ (no. of
knees)

<25 kg/m2 100 (30.5%) 7 (7.0%) of 100 7 (5/1/1) 7.2 (2.1-12.3) 1 1

25-29 kg/m2 137 (41.8%) 27 (19.7%) of 137 27 (20/6/1) 22.2 (14.6-29.8) 3.07 (1.34-7.06) 3.86 (1.65-9.00)

‡30 kg/m2 75 (22.9%) 19 (25.3%) of 75 19 (17/1/1) 27.1 (16.3-37.9) 4.1 (1.74-9.88) 5.90 (2.43-14.32)

Size of lesion# (no. of
knees)

<200 mm2 214 (65.2%) 40 (18.7%) of 214 40 (32/5/3) 20.3 (14.6-26.0) 1 1

‡200 mm2 114 (34.8%) 19 (16.7%) of 114 19 (16/3/0) 16.1 (8.8-23.4) 0.92 (0.53-1.59) 0.99 (0.55-1.78)

ICRS grade# (no. of
knees)

1-2 52 (15.9%) 4 (7.7%) of 52 4 (4/0/0) 7.7 (0.4-15.0) 1 1

3-4 276 (84.1%) 55 (19.9%) of 276 55 (44/8/3) 21.5 (16.2-26.8) 3.35 (1.21-9.27) 3.09 (1.10-8.70)

Level of education**
(no. of knees)

High school 155 (47.3%) 33 (21.3%) of 155 33 (24/6/3) 20.8 (14.1-27.5) 1 1

Bachelor’s/
Master’s degree

164 (50.0%) 22 (13.4%) of 164 22 (20/2/0) 15.8 (9.7-21.9) 0.62 (0.36-1.06) 0.60 (0.35-1.02)

ACL reconstructed at
any time†† (no. of
knees)

No 278 (84.8%) 50 (18.0%) of 278 50 (39/8/3) 19.1 (14.2-24.0) 1 1

Yes 50 (15.2%) 9 (18.0%) of 50 9 (9/0/0) 19.1 (7.1-31.1) 0.94 (0.46-1.91) 1.62 (0.76-3.47)

Meniscal resection
at any time‡‡ (no. of
knees)

Yes 100 (30.5%) 18 (18.0%) of 100 18 (18/0/0) 21.3 (12.5-30.1) 1 1

No 228 (69.5%) 41 (18%) of 228 41 (30/8/3) 18.1 (12.8-23.4) 1.0 (0.58-1.75) 0.96 (0.53-1.73)

Location of cartilage
lesion§§ (no. of
knees)

Patellofemoral 73 (22.3%) 9 (12.3%) of 73 9 (7/0/2) 13.5 (5.3-21.7) 1 1

Medial 204 (62.2%) 38 (18.6%) of 204 38 (29/8/1) 19.7 (13.8-25.6) 1.53 (0.74-3.17) 1.27 (0.58-2.78)

Lateral 51 (15.5%) 12 (23.5%) of 51 12 (12/0/0) 23.3 (11.1-35.5) 1.8 (0.74-4.30) 1.40 (0.55-3.57)
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TABLE II Twenty-Year Cumulative Risk (12 Kaplan-Meier Survival) and Risk Factors Associated with Knee Arthroplasty After Cartilage Injury,
1999 to 2020, in a Focal Cartilage Lesion Cohort Linked to the Norwegian Arthroplasty Register§§§

No. of
Knees

No. of Knee
Arthroplasties

No of Knee
Arthroplasties

(TKAs/ UKAs/PFs)

20-Year
Cumulative

Risk (95% CI)
Crude HR*
(95% CI)

Adjusted HR†
(95% CI)

Total 328 59 (18.0%) of 328 19.1 (14.6-23.6)

Age at time of
surgery‡ (no. of
knees)

18-29 yr 83 (25.3%) 9 (10.8%) of 83 9 (7/0/2) 13.8 (9.7-17.9) 1

30-39 yr 128 (39.0%) 14 (10.9%) of 128 14 (12/2/0) 12.0 (5.7-18.3) 1.08 (0.47-2.50)

‡40 yr 117 (35.7%) 36 (30.8%) of 117 36 (29/6/1) 32.2 (23.2-41.2) 3.69 (1.78-7.67)

Sex‡ (no. of knees)

Male 188 (57.3%) 30 (16.0%) of 188 30 (25/5/0) 14.1 (8.8-19.4) 1

Female 140 (42.7%) 29 (20.7%) of 140 29 (23/3/3) 22.8 (15.4-30.3) 1.38 (0.83-2.30)

BMI at end of
study§ (no. of
knees)

<25 kg/m2 100 (30.5%) 7 (7.0%) of 100 7 (5/1/1) 7.2 (2.1-12.3) 1 1

25-29 kg/m2 137 (41.8%) 27 (19.7%) of 137 27 (20/6/1) 22.2 (14.6-29.8) 3.07 (1.34-7.06) 3.86 (1.65-9.00)

‡30 kg/m2 75 (22.9%) 19 (25.3%) of 75 19 (17/1/1) 27.1 (16.3-37.9) 4.1 (1.74-9.88) 5.90 (2.43-14.32)

Size of lesion# (no. of
knees)

<200 mm2 214 (65.2%) 40 (18.7%) of 214 40 (32/5/3) 20.3 (14.6-26.0) 1 1

‡200 mm2 114 (34.8%) 19 (16.7%) of 114 19 (16/3/0) 16.1 (8.8-23.4) 0.92 (0.53-1.59) 0.99 (0.55-1.78)

ICRS grade# (no. of
knees)

1-2 52 (15.9%) 4 (7.7%) of 52 4 (4/0/0) 7.7 (0.4-15.0) 1 1

3-4 276 (84.1%) 55 (19.9%) of 276 55 (44/8/3) 21.5 (16.2-26.8) 3.35 (1.21-9.27) 3.09 (1.10-8.70)

Level of education**
(no. of knees)

High school 155 (47.3%) 33 (21.3%) of 155 33 (24/6/3) 20.8 (14.1-27.5) 1 1

Bachelor’s/
Master’s degree

164 (50.0%) 22 (13.4%) of 164 22 (20/2/0) 15.8 (9.7-21.9) 0.62 (0.36-1.06) 0.60 (0.35-1.02)

ACL reconstructed at
any time†† (no. of
knees)

No 278 (84.8%) 50 (18.0%) of 278 50 (39/8/3) 19.1 (14.2-24.0) 1 1

Yes 50 (15.2%) 9 (18.0%) of 50 9 (9/0/0) 19.1 (7.1-31.1) 0.94 (0.46-1.91) 1.62 (0.76-3.47)

Meniscal resection
at any time‡‡ (no. of
knees)

Yes 100 (30.5%) 18 (18.0%) of 100 18 (18/0/0) 21.3 (12.5-30.1) 1 1

No 228 (69.5%) 41 (18%) of 228 41 (30/8/3) 18.1 (12.8-23.4) 1.0 (0.58-1.75) 0.96 (0.53-1.73)

Location of cartilage
lesion§§ (no. of
knees)

Patellofemoral 73 (22.3%) 9 (12.3%) of 73 9 (7/0/2) 13.5 (5.3-21.7) 1 1

Medial 204 (62.2%) 38 (18.6%) of 204 38 (29/8/1) 19.7 (13.8-25.6) 1.53 (0.74-3.17) 1.27 (0.58-2.78)

Lateral 51 (15.5%) 12 (23.5%) of 51 12 (12/0/0) 23.3 (11.1-35.5) 1.8 (0.74-4.30) 1.40 (0.55-3.57)
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TABLEIITwenty-YearCumulativeRisk(12Kaplan-MeierSurvival)andRiskFactorsAssociatedwithKneeArthroplastyAfterCartilageInjury,
1999to2020,inaFocalCartilageLesionCohortLinkedtotheNorwegianArthroplastyRegister§§§

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative

Risk(95%CI)
CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Total32859(18.0%)of32819.1(14.6-23.6)

Ageattimeof
surgery‡(no.of
knees)

18-29yr83(25.3%)9(10.8%)of839(7/0/2)13.8(9.7-17.9)1

30-39yr128(39.0%)14(10.9%)of12814(12/2/0)12.0(5.7-18.3)1.08(0.47-2.50)

‡40yr117(35.7%)36(30.8%)of11736(29/6/1)32.2(23.2-41.2)3.69(1.78-7.67)

Sex‡(no.ofknees)

Male188(57.3%)30(16.0%)of18830(25/5/0)14.1(8.8-19.4)1

Female140(42.7%)29(20.7%)of14029(23/3/3)22.8(15.4-30.3)1.38(0.83-2.30)

BMIatendof
study§(no.of
knees)

<25kg/m2100(30.5%)7(7.0%)of1007(5/1/1)7.2(2.1-12.3)11

25-29kg/m2137(41.8%)27(19.7%)of13727(20/6/1)22.2(14.6-29.8)3.07(1.34-7.06)3.86(1.65-9.00)

‡30kg/m275(22.9%)19(25.3%)of7519(17/1/1)27.1(16.3-37.9)4.1(1.74-9.88)5.90(2.43-14.32)

Sizeoflesion#(no.of
knees)

<200mm2214(65.2%)40(18.7%)of21440(32/5/3)20.3(14.6-26.0)11

‡200mm2114(34.8%)19(16.7%)of11419(16/3/0)16.1(8.8-23.4)0.92(0.53-1.59)0.99(0.55-1.78)

ICRSgrade#(no.of
knees)

1-252(15.9%)4(7.7%)of524(4/0/0)7.7(0.4-15.0)11

3-4276(84.1%)55(19.9%)of27655(44/8/3)21.5(16.2-26.8)3.35(1.21-9.27)3.09(1.10-8.70)

Levelofeducation**
(no.ofknees)

Highschool155(47.3%)33(21.3%)of15533(24/6/3)20.8(14.1-27.5)11

Bachelor’s/
Master’sdegree

164(50.0%)22(13.4%)of16422(20/2/0)15.8(9.7-21.9)0.62(0.36-1.06)0.60(0.35-1.02)

ACLreconstructedat
anytime††(no.of
knees)

No278(84.8%)50(18.0%)of27850(39/8/3)19.1(14.2-24.0)11

Yes50(15.2%)9(18.0%)of509(9/0/0)19.1(7.1-31.1)0.94(0.46-1.91)1.62(0.76-3.47)

Meniscalresection
atanytime‡‡(no.of
knees)

Yes100(30.5%)18(18.0%)of10018(18/0/0)21.3(12.5-30.1)11

No228(69.5%)41(18%)of22841(30/8/3)18.1(12.8-23.4)1.0(0.58-1.75)0.96(0.53-1.73)

Locationofcartilage
lesion§§(no.of
knees)

Patellofemoral73(22.3%)9(12.3%)of739(7/0/2)13.5(5.3-21.7)11

Medial204(62.2%)38(18.6%)of20438(29/8/1)19.7(13.8-25.6)1.53(0.74-3.17)1.27(0.58-2.78)

Lateral51(15.5%)12(23.5%)of5112(12/0/0)23.3(11.1-35.5)1.8(0.74-4.30)1.40(0.55-3.57)
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TABLEIITwenty-YearCumulativeRisk(12Kaplan-MeierSurvival)andRiskFactorsAssociatedwithKneeArthroplastyAfterCartilageInjury,
1999to2020,inaFocalCartilageLesionCohortLinkedtotheNorwegianArthroplastyRegister§§§

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative

Risk(95%CI)
CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Total32859(18.0%)of32819.1(14.6-23.6)

Ageattimeof
surgery‡(no.of
knees)

18-29yr83(25.3%)9(10.8%)of839(7/0/2)13.8(9.7-17.9)1

30-39yr128(39.0%)14(10.9%)of12814(12/2/0)12.0(5.7-18.3)1.08(0.47-2.50)

‡40yr117(35.7%)36(30.8%)of11736(29/6/1)32.2(23.2-41.2)3.69(1.78-7.67)

Sex‡(no.ofknees)

Male188(57.3%)30(16.0%)of18830(25/5/0)14.1(8.8-19.4)1

Female140(42.7%)29(20.7%)of14029(23/3/3)22.8(15.4-30.3)1.38(0.83-2.30)

BMIatendof
study§(no.of
knees)

<25kg/m2100(30.5%)7(7.0%)of1007(5/1/1)7.2(2.1-12.3)11

25-29kg/m2137(41.8%)27(19.7%)of13727(20/6/1)22.2(14.6-29.8)3.07(1.34-7.06)3.86(1.65-9.00)

‡30kg/m275(22.9%)19(25.3%)of7519(17/1/1)27.1(16.3-37.9)4.1(1.74-9.88)5.90(2.43-14.32)

Sizeoflesion#(no.of
knees)

<200mm2214(65.2%)40(18.7%)of21440(32/5/3)20.3(14.6-26.0)11

‡200mm2114(34.8%)19(16.7%)of11419(16/3/0)16.1(8.8-23.4)0.92(0.53-1.59)0.99(0.55-1.78)

ICRSgrade#(no.of
knees)

1-252(15.9%)4(7.7%)of524(4/0/0)7.7(0.4-15.0)11

3-4276(84.1%)55(19.9%)of27655(44/8/3)21.5(16.2-26.8)3.35(1.21-9.27)3.09(1.10-8.70)

Levelofeducation**
(no.ofknees)

Highschool155(47.3%)33(21.3%)of15533(24/6/3)20.8(14.1-27.5)11

Bachelor’s/
Master’sdegree

164(50.0%)22(13.4%)of16422(20/2/0)15.8(9.7-21.9)0.62(0.36-1.06)0.60(0.35-1.02)

ACLreconstructedat
anytime††(no.of
knees)

No278(84.8%)50(18.0%)of27850(39/8/3)19.1(14.2-24.0)11

Yes50(15.2%)9(18.0%)of509(9/0/0)19.1(7.1-31.1)0.94(0.46-1.91)1.62(0.76-3.47)

Meniscalresection
atanytime‡‡(no.of
knees)

Yes100(30.5%)18(18.0%)of10018(18/0/0)21.3(12.5-30.1)11

No228(69.5%)41(18%)of22841(30/8/3)18.1(12.8-23.4)1.0(0.58-1.75)0.96(0.53-1.73)

Locationofcartilage
lesion§§(no.of
knees)

Patellofemoral73(22.3%)9(12.3%)of739(7/0/2)13.5(5.3-21.7)11

Medial204(62.2%)38(18.6%)of20438(29/8/1)19.7(13.8-25.6)1.53(0.74-3.17)1.27(0.58-2.78)

Lateral51(15.5%)12(23.5%)of5112(12/0/0)23.3(11.1-35.5)1.8(0.74-4.30)1.40(0.55-3.57)
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TABLEIITwenty-YearCumulativeRisk(12Kaplan-MeierSurvival)andRiskFactorsAssociatedwithKneeArthroplastyAfterCartilageInjury,
1999to2020,inaFocalCartilageLesionCohortLinkedtotheNorwegianArthroplastyRegister§§§

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative

Risk(95%CI)
CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Total32859(18.0%)of32819.1(14.6-23.6)

Ageattimeof
surgery‡(no.of
knees)

18-29yr83(25.3%)9(10.8%)of839(7/0/2)13.8(9.7-17.9)1

30-39yr128(39.0%)14(10.9%)of12814(12/2/0)12.0(5.7-18.3)1.08(0.47-2.50)

‡40yr117(35.7%)36(30.8%)of11736(29/6/1)32.2(23.2-41.2)3.69(1.78-7.67)

Sex‡(no.ofknees)

Male188(57.3%)30(16.0%)of18830(25/5/0)14.1(8.8-19.4)1

Female140(42.7%)29(20.7%)of14029(23/3/3)22.8(15.4-30.3)1.38(0.83-2.30)

BMIatendof
study§(no.of
knees)

<25kg/m2100(30.5%)7(7.0%)of1007(5/1/1)7.2(2.1-12.3)11

25-29kg/m2137(41.8%)27(19.7%)of13727(20/6/1)22.2(14.6-29.8)3.07(1.34-7.06)3.86(1.65-9.00)

‡30kg/m275(22.9%)19(25.3%)of7519(17/1/1)27.1(16.3-37.9)4.1(1.74-9.88)5.90(2.43-14.32)

Sizeoflesion#(no.of
knees)

<200mm2214(65.2%)40(18.7%)of21440(32/5/3)20.3(14.6-26.0)11

‡200mm2114(34.8%)19(16.7%)of11419(16/3/0)16.1(8.8-23.4)0.92(0.53-1.59)0.99(0.55-1.78)

ICRSgrade#(no.of
knees)

1-252(15.9%)4(7.7%)of524(4/0/0)7.7(0.4-15.0)11

3-4276(84.1%)55(19.9%)of27655(44/8/3)21.5(16.2-26.8)3.35(1.21-9.27)3.09(1.10-8.70)

Levelofeducation**
(no.ofknees)

Highschool155(47.3%)33(21.3%)of15533(24/6/3)20.8(14.1-27.5)11

Bachelor’s/
Master’sdegree

164(50.0%)22(13.4%)of16422(20/2/0)15.8(9.7-21.9)0.62(0.36-1.06)0.60(0.35-1.02)

ACLreconstructedat
anytime††(no.of
knees)

No278(84.8%)50(18.0%)of27850(39/8/3)19.1(14.2-24.0)11

Yes50(15.2%)9(18.0%)of509(9/0/0)19.1(7.1-31.1)0.94(0.46-1.91)1.62(0.76-3.47)

Meniscalresection
atanytime‡‡(no.of
knees)

Yes100(30.5%)18(18.0%)of10018(18/0/0)21.3(12.5-30.1)11

No228(69.5%)41(18%)of22841(30/8/3)18.1(12.8-23.4)1.0(0.58-1.75)0.96(0.53-1.73)

Locationofcartilage
lesion§§(no.of
knees)

Patellofemoral73(22.3%)9(12.3%)of739(7/0/2)13.5(5.3-21.7)11

Medial204(62.2%)38(18.6%)of20438(29/8/1)19.7(13.8-25.6)1.53(0.74-3.17)1.27(0.58-2.78)

Lateral51(15.5%)12(23.5%)of5112(12/0/0)23.3(11.1-35.5)1.8(0.74-4.30)1.40(0.55-3.57)
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TABLEIITwenty-YearCumulativeRisk(12Kaplan-MeierSurvival)andRiskFactorsAssociatedwithKneeArthroplastyAfterCartilageInjury,
1999to2020,inaFocalCartilageLesionCohortLinkedtotheNorwegianArthroplastyRegister§§§

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative

Risk(95%CI)
CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Total32859(18.0%)of32819.1(14.6-23.6)

Ageattimeof
surgery‡(no.of
knees)

18-29yr83(25.3%)9(10.8%)of839(7/0/2)13.8(9.7-17.9)1

30-39yr128(39.0%)14(10.9%)of12814(12/2/0)12.0(5.7-18.3)1.08(0.47-2.50)

‡40yr117(35.7%)36(30.8%)of11736(29/6/1)32.2(23.2-41.2)3.69(1.78-7.67)

Sex‡(no.ofknees)

Male188(57.3%)30(16.0%)of18830(25/5/0)14.1(8.8-19.4)1

Female140(42.7%)29(20.7%)of14029(23/3/3)22.8(15.4-30.3)1.38(0.83-2.30)

BMIatendof
study§(no.of
knees)

<25kg/m2100(30.5%)7(7.0%)of1007(5/1/1)7.2(2.1-12.3)11

25-29kg/m2137(41.8%)27(19.7%)of13727(20/6/1)22.2(14.6-29.8)3.07(1.34-7.06)3.86(1.65-9.00)

‡30kg/m275(22.9%)19(25.3%)of7519(17/1/1)27.1(16.3-37.9)4.1(1.74-9.88)5.90(2.43-14.32)

Sizeoflesion#(no.of
knees)

<200mm2214(65.2%)40(18.7%)of21440(32/5/3)20.3(14.6-26.0)11

‡200mm2114(34.8%)19(16.7%)of11419(16/3/0)16.1(8.8-23.4)0.92(0.53-1.59)0.99(0.55-1.78)

ICRSgrade#(no.of
knees)

1-252(15.9%)4(7.7%)of524(4/0/0)7.7(0.4-15.0)11

3-4276(84.1%)55(19.9%)of27655(44/8/3)21.5(16.2-26.8)3.35(1.21-9.27)3.09(1.10-8.70)

Levelofeducation**
(no.ofknees)

Highschool155(47.3%)33(21.3%)of15533(24/6/3)20.8(14.1-27.5)11

Bachelor’s/
Master’sdegree

164(50.0%)22(13.4%)of16422(20/2/0)15.8(9.7-21.9)0.62(0.36-1.06)0.60(0.35-1.02)

ACLreconstructedat
anytime††(no.of
knees)

No278(84.8%)50(18.0%)of27850(39/8/3)19.1(14.2-24.0)11

Yes50(15.2%)9(18.0%)of509(9/0/0)19.1(7.1-31.1)0.94(0.46-1.91)1.62(0.76-3.47)

Meniscalresection
atanytime‡‡(no.of
knees)

Yes100(30.5%)18(18.0%)of10018(18/0/0)21.3(12.5-30.1)11

No228(69.5%)41(18%)of22841(30/8/3)18.1(12.8-23.4)1.0(0.58-1.75)0.96(0.53-1.73)

Locationofcartilage
lesion§§(no.of
knees)

Patellofemoral73(22.3%)9(12.3%)of739(7/0/2)13.5(5.3-21.7)11

Medial204(62.2%)38(18.6%)of20438(29/8/1)19.7(13.8-25.6)1.53(0.74-3.17)1.27(0.58-2.78)

Lateral51(15.5%)12(23.5%)of5112(12/0/0)23.3(11.1-35.5)1.8(0.74-4.30)1.40(0.55-3.57)
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are adjusted for the same covariates as in the Cox regression
model.

Table III summarizes the risk of knee arthroplasty in the
cartilage cohort as compared with that in the age-matched
general population. Table IV summarizes the subsequent risk
of knee arthroplasty according to age at the time of cartilage
surgery. The risk ratio of subsequent knee arthroplasty in the
cartilage cohort versus the age-matched general Norwegian
population ranged from 3.6 in the 60 to 69-year age group to
415.7 in the 30 to 39-year age group.

The rate of knee arthroplasty was significantly increased
in all age groups except the 70 to 79-year age group, ranging
from 819 to 952 of 100,000 in the cartilage cohort as compared
with 2.3 to 229 of 100,000 in the general population (Table III).

Table V summarizes the number of concomitant surgical
procedures at the time of the index procedure.

Discussion
Principal Findings

Patients with an arthroscopically verified focal cartilage lesion
in the knee had a 19.1% 20-year cumulative risk of knee

arthroplasty and a significantly increased risk of knee arthro-
plasty compared with the general population. The relative risk
was particularly elevated in the younger population. The factors
that were associated with an increased risk of subsequent knee
arthroplasty included an older age at the time of arthroscopy,
ACI treatment of the cartilage lesion, the depth of the cartilage
lesion, a higher VAS pain score at the time of the index proce-
dure, and a higher BMI at the time of follow-up.

Strengths and Limitations
The main strength of the present study is that all focal cartilage
lesions in the knee were evaluated arthroscopically. Further-
more, any concurrent meniscal or ligamentous lesions were
registered. The patients in the present study had no malalign-
ment (>5�) because of the inclusion criteria in the previous
clinical trials15,17,18. The mean duration of follow-up of 20 years
increases the ability to identify the long-term cumulative risk of
knee arthroplasty. To our knowledge, this is the first long-term
study outside of an ACL cohort that has included patients
with arthroscopically verified focal cartilage lesions who have
undergone no cartilage treatment29,30. As such, the findings of

TABLE II (continued)

No. of
Knees

No. of Knee
Arthroplasties

No of Knee
Arthroplasties

(TKAs/ UKAs/PFs)

20-Year
Cumulative

Risk (95% CI)
Crude HR*
(95% CI)

Adjusted HR†
(95% CI)

Cartilage lesions##
(no. of knees)

1 lesion 244 (74.4%) 33 (13.5%) of 244 33 (24/6/3) 14.2 (9.5-18.9) 1 1

>1 lesion 84 (25.6%) 26 (31.0%) of 84 26 (24/2/0) 31.2 (21.2-41.2) 2.25 (1.34-3.76) 2.05 (1.13-3.71)

Treatment at index
operation*** (no. of
knees)

No cartilage
treatment

93 (28.4%) 13 (14.0%) of 93 13 (11/1/1) 14.2 (7.1-21.3) 1 1

Debridement/
microfracture

136 (41.5%) 28 (20.6%) of 136 28 (23/3/2) 22.1 (14.5-29.7) 1.8 (0.95-3.56) 1.61 (0.70-3.70)

ACI 30 (9.1%) 7 (23.3%) of 30 7 (5/2/0) 21.0 (5.9-36.1) 2.0 (0.78-5.01) 3.43 (1.03-11.39)

OATS 53 (16.2%) 11 (20.8%) of 53 11 (9/2/0) 21.1 (9.9-32.3) 1.65 (0.74-3.69) 1.95 (0.67-5.69)

Other 16 (4.9%) 0 0 0 0.0 (0-3.89 · 10295) 0.0 (0.0)

Preop. VAS pain
score†††,‡‡‡

105 (32.0%) 14 (13.3%) of 105 1.03 (1.01-1.06) 1.08 (1.03-1.14)

Preop. Lysholm
score†††,‡‡‡

18 (56.1%) 42 (22.8%) of 184 0.99 (0.97-1.00) 1.0 (0.98-1.02)

§§§TKA = total knee arthroplasty, UKA = unicompartmental knee arthroplasty, PF = patellofemoral knee arthroplasty, CR = cumulative risk, CI =
confidence interval, BMI = body mass index, ICRS = International Cartilage Repair & Joint Preservation Society, ACL = anterior cruciate ligament,
ACI = autologous chondrocyte implantation, OATS = osteochondral autograft transplantation system (mosaicplasty), VAS = visual analog scale.
*HR = hazard rate ratio from Cox analysis. †Cox-adjusted for variables according to a graphical causal model ‡Not adjusted. §Adjusted for age at
time of surgery, sex, level of education. #Adjusted for age at time of surgery, BMI,meniscal resection. **Adjusted for sex.††Adjusted for age at time
of surgery, BMI, sex, level of education. ‡‡Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, level of education. §§Adjusted for ACL
reconstruction, age at time of surgery, sex, meniscal resection. ##Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, level of
education, meniscal resection, size of lesion. ***Adjusted for age at time of surgery, ICRS grade, level of education, location of lesion, number of
lesions, size of lesion. †††Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, ICRS grade, level of education, location of lesion,
meniscal resection, number of lesions, size of lesion. ‡‡‡Adjusted for VAS pain and Lysholm scores analyzed as continuous variables.
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areadjustedforthesamecovariatesasintheCoxregression
model.

TableIIIsummarizestheriskofkneearthroplastyinthe
cartilagecohortascomparedwiththatintheage-matched
generalpopulation.TableIVsummarizesthesubsequentrisk
ofkneearthroplastyaccordingtoageatthetimeofcartilage
surgery.Theriskratioofsubsequentkneearthroplastyinthe
cartilagecohortversustheage-matchedgeneralNorwegian
populationrangedfrom3.6inthe60to69-yearagegroupto
415.7inthe30to39-yearagegroup.

Therateofkneearthroplastywassignificantlyincreased
inallagegroupsexceptthe70to79-yearagegroup,ranging
from819to952of100,000inthecartilagecohortascompared
with2.3to229of100,000inthegeneralpopulation(TableIII).

TableVsummarizesthenumberofconcomitantsurgical
proceduresatthetimeoftheindexprocedure.

Discussion
PrincipalFindings

Patientswithanarthroscopicallyverifiedfocalcartilagelesion
inthekneehada19.1%20-yearcumulativeriskofknee

arthroplastyandasignificantlyincreasedriskofkneearthro-
plastycomparedwiththegeneralpopulation.Therelativerisk
wasparticularlyelevatedintheyoungerpopulation.Thefactors
thatwereassociatedwithanincreasedriskofsubsequentknee
arthroplastyincludedanolderageatthetimeofarthroscopy,
ACItreatmentofthecartilagelesion,thedepthofthecartilage
lesion,ahigherVASpainscoreatthetimeoftheindexproce-
dure,andahigherBMIatthetimeoffollow-up.

StrengthsandLimitations
Themainstrengthofthepresentstudyisthatallfocalcartilage
lesionsinthekneewereevaluatedarthroscopically.Further-
more,anyconcurrentmeniscalorligamentouslesionswere
registered.Thepatientsinthepresentstudyhadnomalalign-
ment(>5�)becauseoftheinclusioncriteriaintheprevious
clinicaltrials15,17,18.Themeandurationoffollow-upof20years
increasestheabilitytoidentifythelong-termcumulativeriskof
kneearthroplasty.Toourknowledge,thisisthefirstlong-term
studyoutsideofanACLcohortthathasincludedpatients
witharthroscopicallyverifiedfocalcartilagelesionswhohave
undergonenocartilagetreatment29,30.Assuch,thefindingsof

TABLEII(continued)

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative
Risk(95%CI)

CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Cartilagelesions##
(no.ofknees)

1lesion244(74.4%)33(13.5%)of24433(24/6/3)14.2(9.5-18.9)11

>1lesion84(25.6%)26(31.0%)of8426(24/2/0)31.2(21.2-41.2)2.25(1.34-3.76)2.05(1.13-3.71)

Treatmentatindex
operation***(no.of
knees)

Nocartilage
treatment

93(28.4%)13(14.0%)of9313(11/1/1)14.2(7.1-21.3)11

Debridement/
microfracture

136(41.5%)28(20.6%)of13628(23/3/2)22.1(14.5-29.7)1.8(0.95-3.56)1.61(0.70-3.70)

ACI30(9.1%)7(23.3%)of307(5/2/0)21.0(5.9-36.1)2.0(0.78-5.01)3.43(1.03-11.39)

OATS53(16.2%)11(20.8%)of5311(9/2/0)21.1(9.9-32.3)1.65(0.74-3.69)1.95(0.67-5.69)

Other16(4.9%)0000.0(0-3.89·10295)0.0(0.0)

Preop.VASpain
score†††,‡‡‡

105(32.0%)14(13.3%)of1051.03(1.01-1.06)1.08(1.03-1.14)

Preop.Lysholm
score†††,‡‡‡

18(56.1%)42(22.8%)of1840.99(0.97-1.00)1.0(0.98-1.02)

§§§TKA=totalkneearthroplasty,UKA=unicompartmentalkneearthroplasty,PF=patellofemoralkneearthroplasty,CR=cumulativerisk,CI=
confidenceinterval,BMI=bodymassindex,ICRS=InternationalCartilageRepair&JointPreservationSociety,ACL=anteriorcruciateligament,
ACI=autologouschondrocyteimplantation,OATS=osteochondralautografttransplantationsystem(mosaicplasty),VAS=visualanalogscale.
*HR=hazardrateratiofromCoxanalysis.†Cox-adjustedforvariablesaccordingtoagraphicalcausalmodel‡Notadjusted.§Adjustedforageat
timeofsurgery,sex,levelofeducation.#Adjustedforageattimeofsurgery,BMI,meniscalresection.**Adjustedforsex.††Adjustedforageattime
ofsurgery,BMI,sex,levelofeducation.‡‡AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelofeducation.§§AdjustedforACL
reconstruction,ageattimeofsurgery,sex,meniscalresection.##AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelof
education,meniscalresection,sizeoflesion.***Adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberof
lesions,sizeoflesion.†††AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,ICRSgrade,levelofeducation,locationoflesion,
meniscalresection,numberoflesions,sizeoflesion.‡‡‡AdjustedforVASpainandLysholmscoresanalyzedascontinuousvariables.
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areadjustedforthesamecovariatesasintheCoxregression
model.

TableIIIsummarizestheriskofkneearthroplastyinthe
cartilagecohortascomparedwiththatintheage-matched
generalpopulation.TableIVsummarizesthesubsequentrisk
ofkneearthroplastyaccordingtoageatthetimeofcartilage
surgery.Theriskratioofsubsequentkneearthroplastyinthe
cartilagecohortversustheage-matchedgeneralNorwegian
populationrangedfrom3.6inthe60to69-yearagegroupto
415.7inthe30to39-yearagegroup.

Therateofkneearthroplastywassignificantlyincreased
inallagegroupsexceptthe70to79-yearagegroup,ranging
from819to952of100,000inthecartilagecohortascompared
with2.3to229of100,000inthegeneralpopulation(TableIII).

TableVsummarizesthenumberofconcomitantsurgical
proceduresatthetimeoftheindexprocedure.

Discussion
PrincipalFindings

Patientswithanarthroscopicallyverifiedfocalcartilagelesion
inthekneehada19.1%20-yearcumulativeriskofknee

arthroplastyandasignificantlyincreasedriskofkneearthro-
plastycomparedwiththegeneralpopulation.Therelativerisk
wasparticularlyelevatedintheyoungerpopulation.Thefactors
thatwereassociatedwithanincreasedriskofsubsequentknee
arthroplastyincludedanolderageatthetimeofarthroscopy,
ACItreatmentofthecartilagelesion,thedepthofthecartilage
lesion,ahigherVASpainscoreatthetimeoftheindexproce-
dure,andahigherBMIatthetimeoffollow-up.

StrengthsandLimitations
Themainstrengthofthepresentstudyisthatallfocalcartilage
lesionsinthekneewereevaluatedarthroscopically.Further-
more,anyconcurrentmeniscalorligamentouslesionswere
registered.Thepatientsinthepresentstudyhadnomalalign-
ment(>5�)becauseoftheinclusioncriteriaintheprevious
clinicaltrials15,17,18.Themeandurationoffollow-upof20years
increasestheabilitytoidentifythelong-termcumulativeriskof
kneearthroplasty.Toourknowledge,thisisthefirstlong-term
studyoutsideofanACLcohortthathasincludedpatients
witharthroscopicallyverifiedfocalcartilagelesionswhohave
undergonenocartilagetreatment29,30.Assuch,thefindingsof

TABLEII(continued)

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative
Risk(95%CI)

CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Cartilagelesions##
(no.ofknees)

1lesion244(74.4%)33(13.5%)of24433(24/6/3)14.2(9.5-18.9)11

>1lesion84(25.6%)26(31.0%)of8426(24/2/0)31.2(21.2-41.2)2.25(1.34-3.76)2.05(1.13-3.71)

Treatmentatindex
operation***(no.of
knees)

Nocartilage
treatment

93(28.4%)13(14.0%)of9313(11/1/1)14.2(7.1-21.3)11

Debridement/
microfracture

136(41.5%)28(20.6%)of13628(23/3/2)22.1(14.5-29.7)1.8(0.95-3.56)1.61(0.70-3.70)

ACI30(9.1%)7(23.3%)of307(5/2/0)21.0(5.9-36.1)2.0(0.78-5.01)3.43(1.03-11.39)

OATS53(16.2%)11(20.8%)of5311(9/2/0)21.1(9.9-32.3)1.65(0.74-3.69)1.95(0.67-5.69)

Other16(4.9%)0000.0(0-3.89·10295)0.0(0.0)

Preop.VASpain
score†††,‡‡‡

105(32.0%)14(13.3%)of1051.03(1.01-1.06)1.08(1.03-1.14)

Preop.Lysholm
score†††,‡‡‡

18(56.1%)42(22.8%)of1840.99(0.97-1.00)1.0(0.98-1.02)

§§§TKA=totalkneearthroplasty,UKA=unicompartmentalkneearthroplasty,PF=patellofemoralkneearthroplasty,CR=cumulativerisk,CI=
confidenceinterval,BMI=bodymassindex,ICRS=InternationalCartilageRepair&JointPreservationSociety,ACL=anteriorcruciateligament,
ACI=autologouschondrocyteimplantation,OATS=osteochondralautografttransplantationsystem(mosaicplasty),VAS=visualanalogscale.
*HR=hazardrateratiofromCoxanalysis.†Cox-adjustedforvariablesaccordingtoagraphicalcausalmodel‡Notadjusted.§Adjustedforageat
timeofsurgery,sex,levelofeducation.#Adjustedforageattimeofsurgery,BMI,meniscalresection.**Adjustedforsex.††Adjustedforageattime
ofsurgery,BMI,sex,levelofeducation.‡‡AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelofeducation.§§AdjustedforACL
reconstruction,ageattimeofsurgery,sex,meniscalresection.##AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelof
education,meniscalresection,sizeoflesion.***Adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberof
lesions,sizeoflesion.†††AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,ICRSgrade,levelofeducation,locationoflesion,
meniscalresection,numberoflesions,sizeoflesion.‡‡‡AdjustedforVASpainandLysholmscoresanalyzedascontinuousvariables.
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are adjusted for the same covariates as in the Cox regression
model.

Table III summarizes the risk of knee arthroplasty in the
cartilage cohort as compared with that in the age-matched
general population. Table IV summarizes the subsequent risk
of knee arthroplasty according to age at the time of cartilage
surgery. The risk ratio of subsequent knee arthroplasty in the
cartilage cohort versus the age-matched general Norwegian
population ranged from 3.6 in the 60 to 69-year age group to
415.7 in the 30 to 39-year age group.

The rate of knee arthroplasty was significantly increased
in all age groups except the 70 to 79-year age group, ranging
from 819 to 952 of 100,000 in the cartilage cohort as compared
with 2.3 to 229 of 100,000 in the general population (Table III).

Table V summarizes the number of concomitant surgical
procedures at the time of the index procedure.

Discussion
Principal Findings

P
atients with an arthroscopically verified focal cartilage lesion
in the knee had a 19.1% 20-year cumulative risk of knee

arthroplasty and a significantly increased risk of knee arthro-
plasty compared with the general population. The relative risk
was particularly elevated in the younger population. The factors
that were associated with an increased risk of subsequent knee
arthroplasty included an older age at the time of arthroscopy,
ACI treatment of the cartilage lesion, the depth of the cartilage
lesion, a higher VAS pain score at the time of the index proce-
dure, and a higher BMI at the time of follow-up.

Strengths and Limitations
The main strength of the present study is that all focal cartilage
lesions in the knee were evaluated arthroscopically. Further-
more, any concurrent meniscal or ligamentous lesions were
registered. The patients in the present study had no malalign-
ment (>5�) because of the inclusion criteria in the previous
clinical trials

15,17,18
. The mean duration of follow-up of 20 years

increases the ability to identify the long-term cumulative risk of
knee arthroplasty. To our knowledge, this is the first long-term
study outside of an ACL cohort that has included patients
with arthroscopically verified focal cartilage lesions who have
undergone no cartilage treatment

29,30
. As such, the findings of

TABLE II (continued)

No. of
Knees

No. of Knee
Arthroplasties

No of Knee
Arthroplasties

(TKAs/ UKAs/PFs)

20-Year
Cumulative

Risk (95% CI)
Crude HR*
(95% CI)

Adjusted HR†
(95% CI)

Cartilage lesions##
(no. of knees)

1 lesion 244 (74.4%) 33 (13.5%) of 244 33 (24/6/3) 14.2 (9.5-18.9) 1 1

>1 lesion 84 (25.6%) 26 (31.0%) of 84 26 (24/2/0) 31.2 (21.2-41.2) 2.25 (1.34-3.76) 2.05 (1.13-3.71)

Treatment at index
operation*** (no. of
knees)

No cartilage
treatment

93 (28.4%) 13 (14.0%) of 93 13 (11/1/1) 14.2 (7.1-21.3) 1 1

Debridement/
microfracture

136 (41.5%) 28 (20.6%) of 136 28 (23/3/2) 22.1 (14.5-29.7) 1.8 (0.95-3.56) 1.61 (0.70-3.70)

ACI 30 (9.1%) 7 (23.3%) of 30 7 (5/2/0) 21.0 (5.9-36.1) 2.0 (0.78-5.01) 3.43 (1.03-11.39)

OATS 53 (16.2%) 11 (20.8%) of 53 11 (9/2/0) 21.1 (9.9-32.3) 1.65 (0.74-3.69) 1.95 (0.67-5.69)

Other 16 (4.9%) 0 0 0 0.0 (0-3.89 · 10295) 0.0 (0.0)

Preop. VAS pain
score†††,‡‡‡

105 (32.0%) 14 (13.3%) of 105 1.03 (1.01-1.06) 1.08 (1.03-1.14)

Preop. Lysholm
score†††,‡‡‡

18 (56.1%) 42 (22.8%) of 184 0.99 (0.97-1.00) 1.0 (0.98-1.02)

§§§TKA = total knee arthroplasty, UKA = unicompartmental knee arthroplasty, PF = patellofemoral knee arthroplasty, CR = cumulative risk, CI =
confidence interval, BMI = body mass index, ICRS = International Cartilage Repair & Joint Preservation Society, ACL = anterior cruciate ligament,
ACI = autologous chondrocyte implantation, OATS = osteochondral autograft transplantation system (mosaicplasty), VAS = visual analog scale.
*HR = hazard rate ratio from Cox analysis. †Cox-adjusted for variables according to a graphical causal model ‡Not adjusted. §Adjusted for age at
time of surgery, sex, level of education. #Adjusted for age at time of surgery, BMI,meniscal resection. **Adjusted for sex.††Adjusted for age at time
of surgery, BMI, sex, level of education. ‡‡Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, level of education. §§Adjusted for ACL
reconstruction, age at time of surgery, sex, meniscal resection. ##Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, level of
education, meniscal resection, size of lesion. ***Adjusted for age at time of surgery, ICRS grade, level of education, location of lesion, number of
lesions, size of lesion. †††Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, ICRS grade, level of education, location of lesion,
meniscal resection, number of lesions, size of lesion. ‡‡‡Adjusted for VAS pain and Lysholm scores analyzed as continuous variables.
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are adjusted for the same covariates as in the Cox regression
model.

Table III summarizes the risk of knee arthroplasty in the
cartilage cohort as compared with that in the age-matched
general population. Table IV summarizes the subsequent risk
of knee arthroplasty according to age at the time of cartilage
surgery. The risk ratio of subsequent knee arthroplasty in the
cartilage cohort versus the age-matched general Norwegian
population ranged from 3.6 in the 60 to 69-year age group to
415.7 in the 30 to 39-year age group.

The rate of knee arthroplasty was significantly increased
in all age groups except the 70 to 79-year age group, ranging
from 819 to 952 of 100,000 in the cartilage cohort as compared
with 2.3 to 229 of 100,000 in the general population (Table III).

Table V summarizes the number of concomitant surgical
procedures at the time of the index procedure.

Discussion
Principal Findings

P
atients with an arthroscopically verified focal cartilage lesion
in the knee had a 19.1% 20-year cumulative risk of knee

arthroplasty and a significantly increased risk of knee arthro-
plasty compared with the general population. The relative risk
was particularly elevated in the younger population. The factors
that were associated with an increased risk of subsequent knee
arthroplasty included an older age at the time of arthroscopy,
ACI treatment of the cartilage lesion, the depth of the cartilage
lesion, a higher VAS pain score at the time of the index proce-
dure, and a higher BMI at the time of follow-up.

Strengths and Limitations
The main strength of the present study is that all focal cartilage
lesions in the knee were evaluated arthroscopically. Further-
more, any concurrent meniscal or ligamentous lesions were
registered. The patients in the present study had no malalign-
ment (>5�) because of the inclusion criteria in the previous
clinical trials

15,17,18
. The mean duration of follow-up of 20 years

increases the ability to identify the long-term cumulative risk of
knee arthroplasty. To our knowledge, this is the first long-term
study outside of an ACL cohort that has included patients
with arthroscopically verified focal cartilage lesions who have
undergone no cartilage treatment

29,30
. As such, the findings of

TABLE II (continued)

No. of
Knees

No. of Knee
Arthroplasties

No of Knee
Arthroplasties

(TKAs/ UKAs/PFs)

20-Year
Cumulative

Risk (95% CI)
Crude HR*
(95% CI)

Adjusted HR†
(95% CI)

Cartilage lesions##
(no. of knees)

1 lesion 244 (74.4%) 33 (13.5%) of 244 33 (24/6/3) 14.2 (9.5-18.9) 1 1

>1 lesion 84 (25.6%) 26 (31.0%) of 84 26 (24/2/0) 31.2 (21.2-41.2) 2.25 (1.34-3.76) 2.05 (1.13-3.71)

Treatment at index
operation*** (no. of
knees)

No cartilage
treatment

93 (28.4%) 13 (14.0%) of 93 13 (11/1/1) 14.2 (7.1-21.3) 1 1

Debridement/
microfracture

136 (41.5%) 28 (20.6%) of 136 28 (23/3/2) 22.1 (14.5-29.7) 1.8 (0.95-3.56) 1.61 (0.70-3.70)

ACI 30 (9.1%) 7 (23.3%) of 30 7 (5/2/0) 21.0 (5.9-36.1) 2.0 (0.78-5.01) 3.43 (1.03-11.39)

OATS 53 (16.2%) 11 (20.8%) of 53 11 (9/2/0) 21.1 (9.9-32.3) 1.65 (0.74-3.69) 1.95 (0.67-5.69)

Other 16 (4.9%) 0 0 0 0.0 (0-3.89 · 10295) 0.0 (0.0)

Preop. VAS pain
score†††,‡‡‡

105 (32.0%) 14 (13.3%) of 105 1.03 (1.01-1.06) 1.08 (1.03-1.14)

Preop. Lysholm
score†††,‡‡‡

18 (56.1%) 42 (22.8%) of 184 0.99 (0.97-1.00) 1.0 (0.98-1.02)

§§§TKA = total knee arthroplasty, UKA = unicompartmental knee arthroplasty, PF = patellofemoral knee arthroplasty, CR = cumulative risk, CI =
confidence interval, BMI = body mass index, ICRS = International Cartilage Repair & Joint Preservation Society, ACL = anterior cruciate ligament,
ACI = autologous chondrocyte implantation, OATS = osteochondral autograft transplantation system (mosaicplasty), VAS = visual analog scale.
*HR = hazard rate ratio from Cox analysis. †Cox-adjusted for variables according to a graphical causal model ‡Not adjusted. §Adjusted for age at
time of surgery, sex, level of education. #Adjusted for age at time of surgery, BMI,meniscal resection. **Adjusted for sex.††Adjusted for age at time
of surgery, BMI, sex, level of education. ‡‡Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, level of education. §§Adjusted for ACL
reconstruction, age at time of surgery, sex, meniscal resection. ##Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, level of
education, meniscal resection, size of lesion. ***Adjusted for age at time of surgery, ICRS grade, level of education, location of lesion, number of
lesions, size of lesion. †††Adjusted for ACL reconstruction, age at time of surgery, BMI, sex, ICRS grade, level of education, location of lesion,
meniscal resection, number of lesions, size of lesion. ‡‡‡Adjusted for VAS pain and Lysholm scores analyzed as continuous variables.
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areadjustedforthesamecovariatesasintheCoxregression
model.

TableIIIsummarizestheriskofkneearthroplastyinthe
cartilagecohortascomparedwiththatintheage-matched
generalpopulation.TableIVsummarizesthesubsequentrisk
ofkneearthroplastyaccordingtoageatthetimeofcartilage
surgery.Theriskratioofsubsequentkneearthroplastyinthe
cartilagecohortversustheage-matchedgeneralNorwegian
populationrangedfrom3.6inthe60to69-yearagegroupto
415.7inthe30to39-yearagegroup.

Therateofkneearthroplastywassignificantlyincreased
inallagegroupsexceptthe70to79-yearagegroup,ranging
from819to952of100,000inthecartilagecohortascompared
with2.3to229of100,000inthegeneralpopulation(TableIII).

TableVsummarizesthenumberofconcomitantsurgical
proceduresatthetimeoftheindexprocedure.

Discussion
PrincipalFindings

P
atientswithanarthroscopicallyverifiedfocalcartilagelesion
inthekneehada19.1%20-yearcumulativeriskofknee

arthroplastyandasignificantlyincreasedriskofkneearthro-
plastycomparedwiththegeneralpopulation.Therelativerisk
wasparticularlyelevatedintheyoungerpopulation.Thefactors
thatwereassociatedwithanincreasedriskofsubsequentknee
arthroplastyincludedanolderageatthetimeofarthroscopy,
ACItreatmentofthecartilagelesion,thedepthofthecartilage
lesion,ahigherVASpainscoreatthetimeoftheindexproce-
dure,andahigherBMIatthetimeoffollow-up.

StrengthsandLimitations
Themainstrengthofthepresentstudyisthatallfocalcartilage
lesionsinthekneewereevaluatedarthroscopically.Further-
more,anyconcurrentmeniscalorligamentouslesionswere
registered.Thepatientsinthepresentstudyhadnomalalign-
ment(>5�)becauseoftheinclusioncriteriaintheprevious
clinicaltrials

15,17,18
.Themeandurationoffollow-upof20years

increasestheabilitytoidentifythelong-termcumulativeriskof
kneearthroplasty.Toourknowledge,thisisthefirstlong-term
studyoutsideofanACLcohortthathasincludedpatients
witharthroscopicallyverifiedfocalcartilagelesionswhohave
undergonenocartilagetreatment

29,30
.Assuch,thefindingsof

TABLEII(continued)

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative

Risk(95%CI)
CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Cartilagelesions##
(no.ofknees)

1lesion244(74.4%)33(13.5%)of24433(24/6/3)14.2(9.5-18.9)11

>1lesion84(25.6%)26(31.0%)of8426(24/2/0)31.2(21.2-41.2)2.25(1.34-3.76)2.05(1.13-3.71)

Treatmentatindex
operation***(no.of
knees)

Nocartilage
treatment

93(28.4%)13(14.0%)of9313(11/1/1)14.2(7.1-21.3)11

Debridement/
microfracture

136(41.5%)28(20.6%)of13628(23/3/2)22.1(14.5-29.7)1.8(0.95-3.56)1.61(0.70-3.70)

ACI30(9.1%)7(23.3%)of307(5/2/0)21.0(5.9-36.1)2.0(0.78-5.01)3.43(1.03-11.39)

OATS53(16.2%)11(20.8%)of5311(9/2/0)21.1(9.9-32.3)1.65(0.74-3.69)1.95(0.67-5.69)

Other16(4.9%)0000.0(0-3.89·10295)0.0(0.0)

Preop.VASpain
score†††,‡‡‡

105(32.0%)14(13.3%)of1051.03(1.01-1.06)1.08(1.03-1.14)

Preop.Lysholm
score†††,‡‡‡

18(56.1%)42(22.8%)of1840.99(0.97-1.00)1.0(0.98-1.02)

§§§TKA=totalkneearthroplasty,UKA=unicompartmentalkneearthroplasty,PF=patellofemoralkneearthroplasty,CR=cumulativerisk,CI=
confidenceinterval,BMI=bodymassindex,ICRS=InternationalCartilageRepair&JointPreservationSociety,ACL=anteriorcruciateligament,
ACI=autologouschondrocyteimplantation,OATS=osteochondralautografttransplantationsystem(mosaicplasty),VAS=visualanalogscale.
*HR=hazardrateratiofromCoxanalysis.†Cox-adjustedforvariablesaccordingtoagraphicalcausalmodel‡Notadjusted.§Adjustedforageat
timeofsurgery,sex,levelofeducation.#Adjustedforageattimeofsurgery,BMI,meniscalresection.**Adjustedforsex.††Adjustedforageattime
ofsurgery,BMI,sex,levelofeducation.‡‡AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelofeducation.§§AdjustedforACL
reconstruction,ageattimeofsurgery,sex,meniscalresection.##AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelof
education,meniscalresection,sizeoflesion.***Adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberof
lesions,sizeoflesion.†††AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,ICRSgrade,levelofeducation,locationoflesion,
meniscalresection,numberoflesions,sizeoflesion.‡‡‡AdjustedforVASpainandLysholmscoresanalyzedascontinuousvariables.
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areadjustedforthesamecovariatesasintheCoxregression
model.

TableIIIsummarizestheriskofkneearthroplastyinthe
cartilagecohortascomparedwiththatintheage-matched
generalpopulation.TableIVsummarizesthesubsequentrisk
ofkneearthroplastyaccordingtoageatthetimeofcartilage
surgery.Theriskratioofsubsequentkneearthroplastyinthe
cartilagecohortversustheage-matchedgeneralNorwegian
populationrangedfrom3.6inthe60to69-yearagegroupto
415.7inthe30to39-yearagegroup.

Therateofkneearthroplastywassignificantlyincreased
inallagegroupsexceptthe70to79-yearagegroup,ranging
from819to952of100,000inthecartilagecohortascompared
with2.3to229of100,000inthegeneralpopulation(TableIII).

TableVsummarizesthenumberofconcomitantsurgical
proceduresatthetimeoftheindexprocedure.

Discussion
PrincipalFindings

P
atientswithanarthroscopicallyverifiedfocalcartilagelesion
inthekneehada19.1%20-yearcumulativeriskofknee

arthroplastyandasignificantlyincreasedriskofkneearthro-
plastycomparedwiththegeneralpopulation.Therelativerisk
wasparticularlyelevatedintheyoungerpopulation.Thefactors
thatwereassociatedwithanincreasedriskofsubsequentknee
arthroplastyincludedanolderageatthetimeofarthroscopy,
ACItreatmentofthecartilagelesion,thedepthofthecartilage
lesion,ahigherVASpainscoreatthetimeoftheindexproce-
dure,andahigherBMIatthetimeoffollow-up.

StrengthsandLimitations
Themainstrengthofthepresentstudyisthatallfocalcartilage
lesionsinthekneewereevaluatedarthroscopically.Further-
more,anyconcurrentmeniscalorligamentouslesionswere
registered.Thepatientsinthepresentstudyhadnomalalign-
ment(>5�)becauseoftheinclusioncriteriaintheprevious
clinicaltrials

15,17,18
.Themeandurationoffollow-upof20years

increasestheabilitytoidentifythelong-termcumulativeriskof
kneearthroplasty.Toourknowledge,thisisthefirstlong-term
studyoutsideofanACLcohortthathasincludedpatients
witharthroscopicallyverifiedfocalcartilagelesionswhohave
undergonenocartilagetreatment

29,30
.Assuch,thefindingsof

TABLEII(continued)

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative

Risk(95%CI)
CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Cartilagelesions##
(no.ofknees)

1lesion244(74.4%)33(13.5%)of24433(24/6/3)14.2(9.5-18.9)11

>1lesion84(25.6%)26(31.0%)of8426(24/2/0)31.2(21.2-41.2)2.25(1.34-3.76)2.05(1.13-3.71)

Treatmentatindex
operation***(no.of
knees)

Nocartilage
treatment

93(28.4%)13(14.0%)of9313(11/1/1)14.2(7.1-21.3)11

Debridement/
microfracture

136(41.5%)28(20.6%)of13628(23/3/2)22.1(14.5-29.7)1.8(0.95-3.56)1.61(0.70-3.70)

ACI30(9.1%)7(23.3%)of307(5/2/0)21.0(5.9-36.1)2.0(0.78-5.01)3.43(1.03-11.39)

OATS53(16.2%)11(20.8%)of5311(9/2/0)21.1(9.9-32.3)1.65(0.74-3.69)1.95(0.67-5.69)

Other16(4.9%)0000.0(0-3.89·10295)0.0(0.0)

Preop.VASpain
score†††,‡‡‡

105(32.0%)14(13.3%)of1051.03(1.01-1.06)1.08(1.03-1.14)

Preop.Lysholm
score†††,‡‡‡

18(56.1%)42(22.8%)of1840.99(0.97-1.00)1.0(0.98-1.02)

§§§TKA=totalkneearthroplasty,UKA=unicompartmentalkneearthroplasty,PF=patellofemoralkneearthroplasty,CR=cumulativerisk,CI=
confidenceinterval,BMI=bodymassindex,ICRS=InternationalCartilageRepair&JointPreservationSociety,ACL=anteriorcruciateligament,
ACI=autologouschondrocyteimplantation,OATS=osteochondralautografttransplantationsystem(mosaicplasty),VAS=visualanalogscale.
*HR=hazardrateratiofromCoxanalysis.†Cox-adjustedforvariablesaccordingtoagraphicalcausalmodel‡Notadjusted.§Adjustedforageat
timeofsurgery,sex,levelofeducation.#Adjustedforageattimeofsurgery,BMI,meniscalresection.**Adjustedforsex.††Adjustedforageattime
ofsurgery,BMI,sex,levelofeducation.‡‡AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelofeducation.§§AdjustedforACL
reconstruction,ageattimeofsurgery,sex,meniscalresection.##AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelof
education,meniscalresection,sizeoflesion.***Adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberof
lesions,sizeoflesion.†††AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,ICRSgrade,levelofeducation,locationoflesion,
meniscalresection,numberoflesions,sizeoflesion.‡‡‡AdjustedforVASpainandLysholmscoresanalyzedascontinuousvariables.
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areadjustedforthesamecovariatesasintheCoxregression
model.

TableIIIsummarizestheriskofkneearthroplastyinthe
cartilagecohortascomparedwiththatintheage-matched
generalpopulation.TableIVsummarizesthesubsequentrisk
ofkneearthroplastyaccordingtoageatthetimeofcartilage
surgery.Theriskratioofsubsequentkneearthroplastyinthe
cartilagecohortversustheage-matchedgeneralNorwegian
populationrangedfrom3.6inthe60to69-yearagegroupto
415.7inthe30to39-yearagegroup.

Therateofkneearthroplastywassignificantlyincreased
inallagegroupsexceptthe70to79-yearagegroup,ranging
from819to952of100,000inthecartilagecohortascompared
with2.3to229of100,000inthegeneralpopulation(TableIII).

TableVsummarizesthenumberofconcomitantsurgical
proceduresatthetimeoftheindexprocedure.

Discussion
PrincipalFindings

P
atientswithanarthroscopicallyverifiedfocalcartilagelesion
inthekneehada19.1%20-yearcumulativeriskofknee

arthroplastyandasignificantlyincreasedriskofkneearthro-
plastycomparedwiththegeneralpopulation.Therelativerisk
wasparticularlyelevatedintheyoungerpopulation.Thefactors
thatwereassociatedwithanincreasedriskofsubsequentknee
arthroplastyincludedanolderageatthetimeofarthroscopy,
ACItreatmentofthecartilagelesion,thedepthofthecartilage
lesion,ahigherVASpainscoreatthetimeoftheindexproce-
dure,andahigherBMIatthetimeoffollow-up.

StrengthsandLimitations
Themainstrengthofthepresentstudyisthatallfocalcartilage
lesionsinthekneewereevaluatedarthroscopically.Further-
more,anyconcurrentmeniscalorligamentouslesionswere
registered.Thepatientsinthepresentstudyhadnomalalign-
ment(>5�)becauseoftheinclusioncriteriaintheprevious
clinicaltrials

15,17,18
.Themeandurationoffollow-upof20years

increasestheabilitytoidentifythelong-termcumulativeriskof
kneearthroplasty.Toourknowledge,thisisthefirstlong-term
studyoutsideofanACLcohortthathasincludedpatients
witharthroscopicallyverifiedfocalcartilagelesionswhohave
undergonenocartilagetreatment

29,30
.Assuch,thefindingsof

TABLEII(continued)

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative

Risk(95%CI)
CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Cartilagelesions##
(no.ofknees)

1lesion244(74.4%)33(13.5%)of24433(24/6/3)14.2(9.5-18.9)11

>1lesion84(25.6%)26(31.0%)of8426(24/2/0)31.2(21.2-41.2)2.25(1.34-3.76)2.05(1.13-3.71)

Treatmentatindex
operation***(no.of
knees)

Nocartilage
treatment

93(28.4%)13(14.0%)of9313(11/1/1)14.2(7.1-21.3)11

Debridement/
microfracture

136(41.5%)28(20.6%)of13628(23/3/2)22.1(14.5-29.7)1.8(0.95-3.56)1.61(0.70-3.70)

ACI30(9.1%)7(23.3%)of307(5/2/0)21.0(5.9-36.1)2.0(0.78-5.01)3.43(1.03-11.39)

OATS53(16.2%)11(20.8%)of5311(9/2/0)21.1(9.9-32.3)1.65(0.74-3.69)1.95(0.67-5.69)

Other16(4.9%)0000.0(0-3.89·10295)0.0(0.0)

Preop.VASpain
score†††,‡‡‡

105(32.0%)14(13.3%)of1051.03(1.01-1.06)1.08(1.03-1.14)

Preop.Lysholm
score†††,‡‡‡

18(56.1%)42(22.8%)of1840.99(0.97-1.00)1.0(0.98-1.02)

§§§TKA=totalkneearthroplasty,UKA=unicompartmentalkneearthroplasty,PF=patellofemoralkneearthroplasty,CR=cumulativerisk,CI=
confidenceinterval,BMI=bodymassindex,ICRS=InternationalCartilageRepair&JointPreservationSociety,ACL=anteriorcruciateligament,
ACI=autologouschondrocyteimplantation,OATS=osteochondralautografttransplantationsystem(mosaicplasty),VAS=visualanalogscale.
*HR=hazardrateratiofromCoxanalysis.†Cox-adjustedforvariablesaccordingtoagraphicalcausalmodel‡Notadjusted.§Adjustedforageat
timeofsurgery,sex,levelofeducation.#Adjustedforageattimeofsurgery,BMI,meniscalresection.**Adjustedforsex.††Adjustedforageattime
ofsurgery,BMI,sex,levelofeducation.‡‡AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelofeducation.§§AdjustedforACL
reconstruction,ageattimeofsurgery,sex,meniscalresection.##AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelof
education,meniscalresection,sizeoflesion.***Adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberof
lesions,sizeoflesion.†††AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,ICRSgrade,levelofeducation,locationoflesion,
meniscalresection,numberoflesions,sizeoflesion.‡‡‡AdjustedforVASpainandLysholmscoresanalyzedascontinuousvariables.
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areadjustedforthesamecovariatesasintheCoxregression
model.

TableIIIsummarizestheriskofkneearthroplastyinthe
cartilagecohortascomparedwiththatintheage-matched
generalpopulation.TableIVsummarizesthesubsequentrisk
ofkneearthroplastyaccordingtoageatthetimeofcartilage
surgery.Theriskratioofsubsequentkneearthroplastyinthe
cartilagecohortversustheage-matchedgeneralNorwegian
populationrangedfrom3.6inthe60to69-yearagegroupto
415.7inthe30to39-yearagegroup.

Therateofkneearthroplastywassignificantlyincreased
inallagegroupsexceptthe70to79-yearagegroup,ranging
from819to952of100,000inthecartilagecohortascompared
with2.3to229of100,000inthegeneralpopulation(TableIII).

TableVsummarizesthenumberofconcomitantsurgical
proceduresatthetimeoftheindexprocedure.

Discussion
PrincipalFindings

P
atientswithanarthroscopicallyverifiedfocalcartilagelesion
inthekneehada19.1%20-yearcumulativeriskofknee

arthroplastyandasignificantlyincreasedriskofkneearthro-
plastycomparedwiththegeneralpopulation.Therelativerisk
wasparticularlyelevatedintheyoungerpopulation.Thefactors
thatwereassociatedwithanincreasedriskofsubsequentknee
arthroplastyincludedanolderageatthetimeofarthroscopy,
ACItreatmentofthecartilagelesion,thedepthofthecartilage
lesion,ahigherVASpainscoreatthetimeoftheindexproce-
dure,andahigherBMIatthetimeoffollow-up.

StrengthsandLimitations
Themainstrengthofthepresentstudyisthatallfocalcartilage
lesionsinthekneewereevaluatedarthroscopically.Further-
more,anyconcurrentmeniscalorligamentouslesionswere
registered.Thepatientsinthepresentstudyhadnomalalign-
ment(>5�)becauseoftheinclusioncriteriaintheprevious
clinicaltrials

15,17,18
.Themeandurationoffollow-upof20years

increasestheabilitytoidentifythelong-termcumulativeriskof
kneearthroplasty.Toourknowledge,thisisthefirstlong-term
studyoutsideofanACLcohortthathasincludedpatients
witharthroscopicallyverifiedfocalcartilagelesionswhohave
undergonenocartilagetreatment

29,30
.Assuch,thefindingsof

TABLEII(continued)

No.of
Knees

No.ofKnee
Arthroplasties

NoofKnee
Arthroplasties

(TKAs/UKAs/PFs)

20-Year
Cumulative

Risk(95%CI)
CrudeHR*
(95%CI)

AdjustedHR†
(95%CI)

Cartilagelesions##
(no.ofknees)

1lesion244(74.4%)33(13.5%)of24433(24/6/3)14.2(9.5-18.9)11

>1lesion84(25.6%)26(31.0%)of8426(24/2/0)31.2(21.2-41.2)2.25(1.34-3.76)2.05(1.13-3.71)

Treatmentatindex
operation***(no.of
knees)

Nocartilage
treatment

93(28.4%)13(14.0%)of9313(11/1/1)14.2(7.1-21.3)11

Debridement/
microfracture

136(41.5%)28(20.6%)of13628(23/3/2)22.1(14.5-29.7)1.8(0.95-3.56)1.61(0.70-3.70)

ACI30(9.1%)7(23.3%)of307(5/2/0)21.0(5.9-36.1)2.0(0.78-5.01)3.43(1.03-11.39)

OATS53(16.2%)11(20.8%)of5311(9/2/0)21.1(9.9-32.3)1.65(0.74-3.69)1.95(0.67-5.69)

Other16(4.9%)0000.0(0-3.89·10295)0.0(0.0)

Preop.VASpain
score†††,‡‡‡

105(32.0%)14(13.3%)of1051.03(1.01-1.06)1.08(1.03-1.14)

Preop.Lysholm
score†††,‡‡‡

18(56.1%)42(22.8%)of1840.99(0.97-1.00)1.0(0.98-1.02)

§§§TKA=totalkneearthroplasty,UKA=unicompartmentalkneearthroplasty,PF=patellofemoralkneearthroplasty,CR=cumulativerisk,CI=
confidenceinterval,BMI=bodymassindex,ICRS=InternationalCartilageRepair&JointPreservationSociety,ACL=anteriorcruciateligament,
ACI=autologouschondrocyteimplantation,OATS=osteochondralautografttransplantationsystem(mosaicplasty),VAS=visualanalogscale.
*HR=hazardrateratiofromCoxanalysis.†Cox-adjustedforvariablesaccordingtoagraphicalcausalmodel‡Notadjusted.§Adjustedforageat
timeofsurgery,sex,levelofeducation.#Adjustedforageattimeofsurgery,BMI,meniscalresection.**Adjustedforsex.††Adjustedforageattime
ofsurgery,BMI,sex,levelofeducation.‡‡AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelofeducation.§§AdjustedforACL
reconstruction,ageattimeofsurgery,sex,meniscalresection.##AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,levelof
education,meniscalresection,sizeoflesion.***Adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberof
lesions,sizeoflesion.†††AdjustedforACLreconstruction,ageattimeofsurgery,BMI,sex,ICRSgrade,levelofeducation,locationoflesion,
meniscalresection,numberoflesions,sizeoflesion.‡‡‡AdjustedforVASpainandLysholmscoresanalyzedascontinuousvariables.
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TABLE III Risk Ratio of Knee Arthroplasty in Cartilage Cohort Versus General Norwegian Population*

Cartilage Cohort
Age-Matched General

Population†

Risk Ratio (95% CI)
Age at Knee
Arthroplasty

No. of Knee
Arthroplasties

No. of Patients
in Age Group

No. of Knee
Arthroplasties,

1999-2020 (per 105)

No. of Knee
Arthroplasties,

1999-2019 (per 105)

30-39 yr 4 20 952.4 2.3 415.69 (168.83-1,023.49)

40-49 yr 15 80 892.9 18.1 49.42 (31.01-78.76)

50-59 yr 25 126 944.8 83.3 11.35 (7.93-16.24)

60-69 yr 11 64 818.5 229.0 3.57 (2.07-6.17)

70-79 yr 3 31 460.8 363.4 1.27 (0.43-3.76)

*The relative risk of knee arthroplasty after a cartilage injury as compared with the general population. The absolute risk of knee arthroplasty in the cartilage cohort
was estimated by dividing the number of knee arthroplasties by the total number of knees with cartilage injury in each group. For the general population, the numerator
was all other patients with knee arthroplasty without inflammatory arthritis or previous cartilage surgery on the ipsilateral side as reported to the NAR between January
1, 1999, and December 31, 2020. The denominator was the average number of Norwegian citizens in the same period, retrieved from population data from Statistics
Norway. One patient was 81 years old at the time of knee arthroplasty and was excluded. †General population excluded patients with previous cartilage surgery.

Fig. 2-A Fig. 2-B

Fig. 2-C Fig. 2-D

Fig. 2-A through 2-D Cox adjusted survival curves of knees with focal cartilage lesions by World Health Organization BMI classes (adjusted for age at

time of surgery, sex, and level of education) (Fig. 2-A), sex (unadjusted) (Fig. 2-B), age group at index surgery (unadjusted) (Fig. 2-C), and cartilage

treatment (adjusted for age at time of surgery, ICRS grade, level of education, location of lesion, number of lesions, and size of lesion) (Fig. 2-D),

with knee arthroplasty as the end point. Adjustment based on graphical causal model. Mfx = microfracture.
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TABLEIIIRiskRatioofKneeArthroplastyinCartilageCohortVersusGeneralNorwegianPopulation*

CartilageCohort
Age-MatchedGeneral

Population†

RiskRatio(95%CI)
AgeatKnee
Arthroplasty

No.ofKnee
Arthroplasties

No.ofPatients
inAgeGroup

No.ofKnee
Arthroplasties,

1999-2020(per105)

No.ofKnee
Arthroplasties,

1999-2019(per105)

30-39yr420952.42.3415.69(168.83-1,023.49)

40-49yr1580892.918.149.42(31.01-78.76)

50-59yr25126944.883.311.35(7.93-16.24)

60-69yr1164818.5229.03.57(2.07-6.17)

70-79yr331460.8363.41.27(0.43-3.76)

*Therelativeriskofkneearthroplastyafteracartilageinjuryascomparedwiththegeneralpopulation.Theabsoluteriskofkneearthroplastyinthecartilagecohort
wasestimatedbydividingthenumberofkneearthroplastiesbythetotalnumberofkneeswithcartilageinjuryineachgroup.Forthegeneralpopulation,thenumerator
wasallotherpatientswithkneearthroplastywithoutinflammatoryarthritisorpreviouscartilagesurgeryontheipsilateralsideasreportedtotheNARbetweenJanuary
1,1999,andDecember31,2020.ThedenominatorwastheaveragenumberofNorwegiancitizensinthesameperiod,retrievedfrompopulationdatafromStatistics
Norway.Onepatientwas81yearsoldatthetimeofkneearthroplastyandwasexcluded.†Generalpopulationexcludedpatientswithpreviouscartilagesurgery.

Fig.2-AFig.2-B

Fig.2-CFig.2-D

Fig.2-Athrough2-DCoxadjustedsurvivalcurvesofkneeswithfocalcartilagelesionsbyWorldHealthOrganizationBMIclasses(adjustedforageat

timeofsurgery,sex,andlevelofeducation)(Fig.2-A),sex(unadjusted)(Fig.2-B),agegroupatindexsurgery(unadjusted)(Fig.2-C),andcartilage

treatment(adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberoflesions,andsizeoflesion)(Fig.2-D),

withkneearthroplastyastheendpoint.Adjustmentbasedongraphicalcausalmodel.Mfx=microfracture.
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TABLEIIIRiskRatioofKneeArthroplastyinCartilageCohortVersusGeneralNorwegianPopulation*

CartilageCohort
Age-MatchedGeneral

Population†

RiskRatio(95%CI)
AgeatKnee
Arthroplasty

No.ofKnee
Arthroplasties

No.ofPatients
inAgeGroup

No.ofKnee
Arthroplasties,

1999-2020(per105)

No.ofKnee
Arthroplasties,

1999-2019(per105)

30-39yr420952.42.3415.69(168.83-1,023.49)

40-49yr1580892.918.149.42(31.01-78.76)

50-59yr25126944.883.311.35(7.93-16.24)

60-69yr1164818.5229.03.57(2.07-6.17)

70-79yr331460.8363.41.27(0.43-3.76)

*Therelativeriskofkneearthroplastyafteracartilageinjuryascomparedwiththegeneralpopulation.Theabsoluteriskofkneearthroplastyinthecartilagecohort
wasestimatedbydividingthenumberofkneearthroplastiesbythetotalnumberofkneeswithcartilageinjuryineachgroup.Forthegeneralpopulation,thenumerator
wasallotherpatientswithkneearthroplastywithoutinflammatoryarthritisorpreviouscartilagesurgeryontheipsilateralsideasreportedtotheNARbetweenJanuary
1,1999,andDecember31,2020.ThedenominatorwastheaveragenumberofNorwegiancitizensinthesameperiod,retrievedfrompopulationdatafromStatistics
Norway.Onepatientwas81yearsoldatthetimeofkneearthroplastyandwasexcluded.†Generalpopulationexcludedpatientswithpreviouscartilagesurgery.

Fig.2-AFig.2-B

Fig.2-CFig.2-D

Fig.2-Athrough2-DCoxadjustedsurvivalcurvesofkneeswithfocalcartilagelesionsbyWorldHealthOrganizationBMIclasses(adjustedforageat

timeofsurgery,sex,andlevelofeducation)(Fig.2-A),sex(unadjusted)(Fig.2-B),agegroupatindexsurgery(unadjusted)(Fig.2-C),andcartilage

treatment(adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberoflesions,andsizeoflesion)(Fig.2-D),

withkneearthroplastyastheendpoint.Adjustmentbasedongraphicalcausalmodel.Mfx=microfracture.
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TABLE III Risk Ratio of Knee Arthroplasty in Cartilage Cohort Versus General Norwegian Population*

Cartilage Cohort
Age-Matched General

Population†

Risk Ratio (95% CI)
Age at Knee
Arthroplasty

No. of Knee
Arthroplasties

No. of Patients
in Age Group

No. of Knee
Arthroplasties,

1999-2020 (per 105)

No. of Knee
Arthroplasties,

1999-2019 (per 105)

30-39 yr 4 20 952.4 2.3 415.69 (168.83-1,023.49)

40-49 yr 15 80 892.9 18.1 49.42 (31.01-78.76)

50-59 yr 25 126 944.8 83.3 11.35 (7.93-16.24)

60-69 yr 11 64 818.5 229.0 3.57 (2.07-6.17)

70-79 yr 3 31 460.8 363.4 1.27 (0.43-3.76)

*The relative risk of knee arthroplasty after a cartilage injury as compared with the general population. The absolute risk of knee arthroplasty in the cartilage cohort
was estimated by dividing the number of knee arthroplasties by the total number of knees with cartilage injury in each group. For the general population, the numerator
was all other patients with knee arthroplasty without inflammatory arthritis or previous cartilage surgery on the ipsilateral side as reported to the NAR between January
1, 1999, and December 31, 2020. The denominator was the average number of Norwegian citizens in the same period, retrieved from population data from Statistics
Norway. One patient was 81 years old at the time of knee arthroplasty and was excluded. †General population excluded patients with previous cartilage surgery.

Fig. 2-A Fig. 2-B

Fig. 2-C Fig. 2-D

Fig. 2-A through 2-D Cox adjusted survival curves of knees with focal cartilage lesions by World Health Organization BMI classes (adjusted for age at

time of surgery, sex, and level of education) (Fig. 2-A), sex (unadjusted) (Fig. 2-B), age group at index surgery (unadjusted) (Fig. 2-C), and cartilage

treatment (adjusted for age at time of surgery, ICRS grade, level of education, location of lesion, number of lesions, and size of lesion) (Fig. 2-D),

with knee arthroplasty as the end point. Adjustment based on graphical causal model. Mfx = microfracture.
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TABLE III Risk Ratio of Knee Arthroplasty in Cartilage Cohort Versus General Norwegian Population*

Cartilage Cohort
Age-Matched General

Population†

Risk Ratio (95% CI)
Age at Knee
Arthroplasty

No. of Knee
Arthroplasties

No. of Patients
in Age Group

No. of Knee
Arthroplasties,

1999-2020 (per 105)

No. of Knee
Arthroplasties,

1999-2019 (per 105)

30-39 yr 4 20 952.4 2.3 415.69 (168.83-1,023.49)

40-49 yr 15 80 892.9 18.1 49.42 (31.01-78.76)

50-59 yr 25 126 944.8 83.3 11.35 (7.93-16.24)

60-69 yr 11 64 818.5 229.0 3.57 (2.07-6.17)

70-79 yr 3 31 460.8 363.4 1.27 (0.43-3.76)

*The relative risk of knee arthroplasty after a cartilage injury as compared with the general population. The absolute risk of knee arthroplasty in the cartilage cohort
was estimated by dividing the number of knee arthroplasties by the total number of knees with cartilage injury in each group. For the general population, the numerator
was all other patients with knee arthroplasty without inflammatory arthritis or previous cartilage surgery on the ipsilateral side as reported to the NAR between January
1, 1999, and December 31, 2020. The denominator was the average number of Norwegian citizens in the same period, retrieved from population data from Statistics
Norway. One patient was 81 years old at the time of knee arthroplasty and was excluded. †General population excluded patients with previous cartilage surgery.

Fig. 2-A Fig. 2-B

Fig. 2-C Fig. 2-D

Fig. 2-A through 2-D Cox adjusted survival curves of knees with focal cartilage lesions by World Health Organization BMI classes (adjusted for age at

time of surgery, sex, and level of education) (Fig. 2-A), sex (unadjusted) (Fig. 2-B), age group at index surgery (unadjusted) (Fig. 2-C), and cartilage

treatment (adjusted for age at time of surgery, ICRS grade, level of education, location of lesion, number of lesions, and size of lesion) (Fig. 2-D),

with knee arthroplasty as the end point. Adjustment based on graphical causal model. Mfx = microfracture.
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TABLEIIIRiskRatioofKneeArthroplastyinCartilageCohortVersusGeneralNorwegianPopulation*

CartilageCohort
Age-MatchedGeneral

Population†

RiskRatio(95%CI)
AgeatKnee
Arthroplasty

No.ofKnee
Arthroplasties

No.ofPatients
inAgeGroup

No.ofKnee
Arthroplasties,

1999-2020(per105)

No.ofKnee
Arthroplasties,

1999-2019(per105)

30-39yr420952.42.3415.69(168.83-1,023.49)

40-49yr1580892.918.149.42(31.01-78.76)

50-59yr25126944.883.311.35(7.93-16.24)

60-69yr1164818.5229.03.57(2.07-6.17)

70-79yr331460.8363.41.27(0.43-3.76)

*Therelativeriskofkneearthroplastyafteracartilageinjuryascomparedwiththegeneralpopulation.Theabsoluteriskofkneearthroplastyinthecartilagecohort
wasestimatedbydividingthenumberofkneearthroplastiesbythetotalnumberofkneeswithcartilageinjuryineachgroup.Forthegeneralpopulation,thenumerator
wasallotherpatientswithkneearthroplastywithoutinflammatoryarthritisorpreviouscartilagesurgeryontheipsilateralsideasreportedtotheNARbetweenJanuary
1,1999,andDecember31,2020.ThedenominatorwastheaveragenumberofNorwegiancitizensinthesameperiod,retrievedfrompopulationdatafromStatistics
Norway.Onepatientwas81yearsoldatthetimeofkneearthroplastyandwasexcluded.†Generalpopulationexcludedpatientswithpreviouscartilagesurgery.

Fig.2-AFig.2-B

Fig.2-CFig.2-D

Fig.2-Athrough2-DCoxadjustedsurvivalcurvesofkneeswithfocalcartilagelesionsbyWorldHealthOrganizationBMIclasses(adjustedforageat

timeofsurgery,sex,andlevelofeducation)(Fig.2-A),sex(unadjusted)(Fig.2-B),agegroupatindexsurgery(unadjusted)(Fig.2-C),andcartilage

treatment(adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberoflesions,andsizeoflesion)(Fig.2-D),

withkneearthroplastyastheendpoint.Adjustmentbasedongraphicalcausalmodel.Mfx=microfracture.
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TABLEIIIRiskRatioofKneeArthroplastyinCartilageCohortVersusGeneralNorwegianPopulation*

CartilageCohort
Age-MatchedGeneral

Population†

RiskRatio(95%CI)
AgeatKnee
Arthroplasty

No.ofKnee
Arthroplasties

No.ofPatients
inAgeGroup

No.ofKnee
Arthroplasties,

1999-2020(per105)

No.ofKnee
Arthroplasties,

1999-2019(per105)

30-39yr420952.42.3415.69(168.83-1,023.49)

40-49yr1580892.918.149.42(31.01-78.76)

50-59yr25126944.883.311.35(7.93-16.24)

60-69yr1164818.5229.03.57(2.07-6.17)

70-79yr331460.8363.41.27(0.43-3.76)

*Therelativeriskofkneearthroplastyafteracartilageinjuryascomparedwiththegeneralpopulation.Theabsoluteriskofkneearthroplastyinthecartilagecohort
wasestimatedbydividingthenumberofkneearthroplastiesbythetotalnumberofkneeswithcartilageinjuryineachgroup.Forthegeneralpopulation,thenumerator
wasallotherpatientswithkneearthroplastywithoutinflammatoryarthritisorpreviouscartilagesurgeryontheipsilateralsideasreportedtotheNARbetweenJanuary
1,1999,andDecember31,2020.ThedenominatorwastheaveragenumberofNorwegiancitizensinthesameperiod,retrievedfrompopulationdatafromStatistics
Norway.Onepatientwas81yearsoldatthetimeofkneearthroplastyandwasexcluded.†Generalpopulationexcludedpatientswithpreviouscartilagesurgery.

Fig.2-AFig.2-B

Fig.2-CFig.2-D

Fig.2-Athrough2-DCoxadjustedsurvivalcurvesofkneeswithfocalcartilagelesionsbyWorldHealthOrganizationBMIclasses(adjustedforageat

timeofsurgery,sex,andlevelofeducation)(Fig.2-A),sex(unadjusted)(Fig.2-B),agegroupatindexsurgery(unadjusted)(Fig.2-C),andcartilage

treatment(adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberoflesions,andsizeoflesion)(Fig.2-D),

withkneearthroplastyastheendpoint.Adjustmentbasedongraphicalcausalmodel.Mfx=microfracture.
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TABLEIIIRiskRatioofKneeArthroplastyinCartilageCohortVersusGeneralNorwegianPopulation*

CartilageCohort
Age-MatchedGeneral

Population†

RiskRatio(95%CI)
AgeatKnee
Arthroplasty

No.ofKnee
Arthroplasties

No.ofPatients
inAgeGroup

No.ofKnee
Arthroplasties,

1999-2020(per105)

No.ofKnee
Arthroplasties,

1999-2019(per105)

30-39yr420952.42.3415.69(168.83-1,023.49)

40-49yr1580892.918.149.42(31.01-78.76)

50-59yr25126944.883.311.35(7.93-16.24)

60-69yr1164818.5229.03.57(2.07-6.17)

70-79yr331460.8363.41.27(0.43-3.76)

*Therelativeriskofkneearthroplastyafteracartilageinjuryascomparedwiththegeneralpopulation.Theabsoluteriskofkneearthroplastyinthecartilagecohort
wasestimatedbydividingthenumberofkneearthroplastiesbythetotalnumberofkneeswithcartilageinjuryineachgroup.Forthegeneralpopulation,thenumerator
wasallotherpatientswithkneearthroplastywithoutinflammatoryarthritisorpreviouscartilagesurgeryontheipsilateralsideasreportedtotheNARbetweenJanuary
1,1999,andDecember31,2020.ThedenominatorwastheaveragenumberofNorwegiancitizensinthesameperiod,retrievedfrompopulationdatafromStatistics
Norway.Onepatientwas81yearsoldatthetimeofkneearthroplastyandwasexcluded.†Generalpopulationexcludedpatientswithpreviouscartilagesurgery.

Fig.2-AFig.2-B

Fig.2-CFig.2-D

Fig.2-Athrough2-DCoxadjustedsurvivalcurvesofkneeswithfocalcartilagelesionsbyWorldHealthOrganizationBMIclasses(adjustedforageat

timeofsurgery,sex,andlevelofeducation)(Fig.2-A),sex(unadjusted)(Fig.2-B),agegroupatindexsurgery(unadjusted)(Fig.2-C),andcartilage

treatment(adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberoflesions,andsizeoflesion)(Fig.2-D),

withkneearthroplastyastheendpoint.Adjustmentbasedongraphicalcausalmodel.Mfx=microfracture.
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TABLEIIIRiskRatioofKneeArthroplastyinCartilageCohortVersusGeneralNorwegianPopulation*

CartilageCohort
Age-MatchedGeneral

Population†

RiskRatio(95%CI)
AgeatKnee
Arthroplasty

No.ofKnee
Arthroplasties

No.ofPatients
inAgeGroup

No.ofKnee
Arthroplasties,

1999-2020(per105)

No.ofKnee
Arthroplasties,

1999-2019(per105)

30-39yr420952.42.3415.69(168.83-1,023.49)

40-49yr1580892.918.149.42(31.01-78.76)

50-59yr25126944.883.311.35(7.93-16.24)

60-69yr1164818.5229.03.57(2.07-6.17)

70-79yr331460.8363.41.27(0.43-3.76)

*Therelativeriskofkneearthroplastyafteracartilageinjuryascomparedwiththegeneralpopulation.Theabsoluteriskofkneearthroplastyinthecartilagecohort
wasestimatedbydividingthenumberofkneearthroplastiesbythetotalnumberofkneeswithcartilageinjuryineachgroup.Forthegeneralpopulation,thenumerator
wasallotherpatientswithkneearthroplastywithoutinflammatoryarthritisorpreviouscartilagesurgeryontheipsilateralsideasreportedtotheNARbetweenJanuary
1,1999,andDecember31,2020.ThedenominatorwastheaveragenumberofNorwegiancitizensinthesameperiod,retrievedfrompopulationdatafromStatistics
Norway.Onepatientwas81yearsoldatthetimeofkneearthroplastyandwasexcluded.†Generalpopulationexcludedpatientswithpreviouscartilagesurgery.

Fig.2-AFig.2-B

Fig.2-CFig.2-D

Fig.2-Athrough2-DCoxadjustedsurvivalcurvesofkneeswithfocalcartilagelesionsbyWorldHealthOrganizationBMIclasses(adjustedforageat

timeofsurgery,sex,andlevelofeducation)(Fig.2-A),sex(unadjusted)(Fig.2-B),agegroupatindexsurgery(unadjusted)(Fig.2-C),andcartilage

treatment(adjustedforageattimeofsurgery,ICRSgrade,levelofeducation,locationoflesion,numberoflesions,andsizeoflesion)(Fig.2-D),

withkneearthroplastyastheendpoint.Adjustmentbasedongraphicalcausalmodel.Mfx=microfracture.
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the present study enhance our knowledge of the natural history
of focal cartilage lesions.

The present study had several limitations. The included
patients were predominantly participants in previous clinical
trials and may not be representative of the average patient with a
focal cartilage lesion31. The follow-up rate of 65.1% may have
introduced bias to the interpretation of the results, although the

nonresponders had the same demographic characteristics as
the responders, with the exception that they were a mean of 3
years younger. Patients with poor knee function or knee
arthroplasty might have been more prone to participate in
the study, thus leading to an overestimated risk of knee
arthroplasty. Although the participants were asked if they
had undergone additional surgery, we did not have complete

TABLE V Number of Additional Surgical Procedures at Time of Index Cartilage Procedure*

Index Cartilage Treatment
ACL

Reconstruction
Meniscal
Resection

Meniscal
Suture

Lateral
Release

Diagnostic
Arthroscopy

Loose
Body

Removal Total

No surgical treatment of cartilage (n = 93) 12 39 2 2 36 2 93

Microfracture/debridement (n = 136) 2 6 0 0 0 0 8

ACI/MACI (n = 30) 1 0 0 0 0 0 1

Mosaicplasty (n = 53) 0 0 0 0 0 0 0

Other (n = 16) 0 1 0 0 0 0 1

*ACL = anterior cruciate ligament, ACI = autologous chondrocyte implantation, MACI =matrix-induced ACI, Other =MaioRegen (Finceramica, Italy),
Cartipatch (Xizia, Hong Kong), or TruFit (Smith & Nephew, USA).

TABLE IV Risk Ratio of Knee Arthroplasty After Cartilage Surgery in Specific Age Ranges Versus Age-Matched General Norwegian Population*

Cartilage Cohort
Age-Matched

General Population†

Risk Ratio
(95% 3CI)

Age at
Cartilage
Surgery

Age at
Knee

Arthroplasty
No. of Knee
Arthroplasties

No. of
Patients
in Age
Group

No. of Knee
Arthroplasties,
1999-2020
(per 105)

No. of Knee
Arthroplasties,
1999-2019
(per 105)

20-29 yr

30-39 yr 2 68 140.1 2.3 61.1 (15.5-240.6)

40-49 yr 7 66 505.1 18.1 28.0 (13.8-56.6)

30-39 yr

30-39 yr 2 128 74.4 2.3 32.5 (8.2-129.0)

40-49 yr 2 126 75.6 18.1 4.2 (1.1-16.6)

50-59 yr 7 124 268.8 83.3 3.2 (1.6-6.6)

40-49 yr

40-49 yr 6 78 366.3 18.1 20.3 (9.4-43.9)

50-59 yr 13 72 859.8 83.3 10.3 (6.3-17.0)

60-69 yr 8 59 645.7 229.0 2.8 (1.5-5.4)

50-59 yr

50-59 yr 2 34 280.1 83.3 3.4 (0.9-12.9)

60-69 yr 3 32 446.4 229.0 1.9 (0.7-5.8)

70-79 yr 1 29 164.2 363.4 0.5 (0.1-3.1)

*The relative risk of knee arthroplasty in the cartilage cohort as compared with the general population, stratified in 10-year age groups
at the time index cartilage procedure. For the general population, the absolute risk was estimated as described in Table III. In the
cartilage cohort, the numerator was the number of knee arthroplasties in each 10-year age group (at the time of cartilage surgery) and the
denominator was the total number of patients with a cartilage injury in the same age group. †General population excluded patients with
previous cartilage surgery.
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thepresentstudyenhanceourknowledgeofthenaturalhistory
offocalcartilagelesions.

Thepresentstudyhadseverallimitations.Theincluded
patientswerepredominantlyparticipantsinpreviousclinical
trialsandmaynotberepresentativeoftheaveragepatientwitha
focalcartilagelesion31.Thefollow-uprateof65.1%mayhave
introducedbiastotheinterpretationoftheresults,althoughthe

nonrespondershadthesamedemographiccharacteristicsas
theresponders,withtheexceptionthattheywereameanof3
yearsyounger.Patientswithpoorkneefunctionorknee
arthroplastymighthavebeenmorepronetoparticipatein
thestudy,thusleadingtoanoverestimatedriskofknee
arthroplasty.Althoughtheparticipantswereaskedifthey
hadundergoneadditionalsurgery,wedidnothavecomplete

TABLEVNumberofAdditionalSurgicalProceduresatTimeofIndexCartilageProcedure*

IndexCartilageTreatment
ACL

Reconstruction
Meniscal
Resection

Meniscal
Suture

Lateral
Release

Diagnostic
Arthroscopy

Loose
Body
RemovalTotal

Nosurgicaltreatmentofcartilage(n=93)12392236293

Microfracture/debridement(n=136)2600008

ACI/MACI(n=30)1000001

Mosaicplasty(n=53)0000000

Other(n=16)0100001

*ACL=anteriorcruciateligament,ACI=autologouschondrocyteimplantation,MACI=matrix-inducedACI,Other=MaioRegen(Finceramica,Italy),
Cartipatch(Xizia,HongKong),orTruFit(Smith&Nephew,USA).

TABLEIVRiskRatioofKneeArthroplastyAfterCartilageSurgeryinSpecificAgeRangesVersusAge-MatchedGeneralNorwegianPopulation*

CartilageCohort
Age-Matched

GeneralPopulation†

RiskRatio
(95%3CI)

Ageat
Cartilage
Surgery

Ageat
Knee

Arthroplasty
No.ofKnee
Arthroplasties

No.of
Patients
inAge
Group

No.ofKnee
Arthroplasties,

1999-2020
(per105)

No.ofKnee
Arthroplasties,

1999-2019
(per105)

20-29yr

30-39yr268140.12.361.1(15.5-240.6)

40-49yr766505.118.128.0(13.8-56.6)

30-39yr

30-39yr212874.42.332.5(8.2-129.0)

40-49yr212675.618.14.2(1.1-16.6)

50-59yr7124268.883.33.2(1.6-6.6)

40-49yr

40-49yr678366.318.120.3(9.4-43.9)

50-59yr1372859.883.310.3(6.3-17.0)

60-69yr859645.7229.02.8(1.5-5.4)

50-59yr

50-59yr234280.183.33.4(0.9-12.9)

60-69yr332446.4229.01.9(0.7-5.8)

70-79yr129164.2363.40.5(0.1-3.1)

*Therelativeriskofkneearthroplastyinthecartilagecohortascomparedwiththegeneralpopulation,stratifiedin10-yearagegroups
atthetimeindexcartilageprocedure.Forthegeneralpopulation,theabsoluteriskwasestimatedasdescribedinTableIII.Inthe
cartilagecohort,thenumeratorwasthenumberofkneearthroplastiesineach10-yearagegroup(atthetimeofcartilagesurgery)andthe
denominatorwasthetotalnumberofpatientswithacartilageinjuryinthesameagegroup.†Generalpopulationexcludedpatientswith
previouscartilagesurgery.
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thepresentstudyenhanceourknowledgeofthenaturalhistory
offocalcartilagelesions.

Thepresentstudyhadseverallimitations.Theincluded
patientswerepredominantlyparticipantsinpreviousclinical
trialsandmaynotberepresentativeoftheaveragepatientwitha
focalcartilagelesion31.Thefollow-uprateof65.1%mayhave
introducedbiastotheinterpretationoftheresults,althoughthe

nonrespondershadthesamedemographiccharacteristicsas
theresponders,withtheexceptionthattheywereameanof3
yearsyounger.Patientswithpoorkneefunctionorknee
arthroplastymighthavebeenmorepronetoparticipatein
thestudy,thusleadingtoanoverestimatedriskofknee
arthroplasty.Althoughtheparticipantswereaskedifthey
hadundergoneadditionalsurgery,wedidnothavecomplete

TABLEVNumberofAdditionalSurgicalProceduresatTimeofIndexCartilageProcedure*

IndexCartilageTreatment
ACL

Reconstruction
Meniscal
Resection

Meniscal
Suture

Lateral
Release

Diagnostic
Arthroscopy

Loose
Body
RemovalTotal

Nosurgicaltreatmentofcartilage(n=93)12392236293

Microfracture/debridement(n=136)2600008

ACI/MACI(n=30)1000001

Mosaicplasty(n=53)0000000

Other(n=16)0100001

*ACL=anteriorcruciateligament,ACI=autologouschondrocyteimplantation,MACI=matrix-inducedACI,Other=MaioRegen(Finceramica,Italy),
Cartipatch(Xizia,HongKong),orTruFit(Smith&Nephew,USA).

TABLEIVRiskRatioofKneeArthroplastyAfterCartilageSurgeryinSpecificAgeRangesVersusAge-MatchedGeneralNorwegianPopulation*

CartilageCohort
Age-Matched

GeneralPopulation†

RiskRatio
(95%3CI)

Ageat
Cartilage
Surgery

Ageat
Knee

Arthroplasty
No.ofKnee
Arthroplasties

No.of
Patients
inAge
Group

No.ofKnee
Arthroplasties,

1999-2020
(per105)

No.ofKnee
Arthroplasties,

1999-2019
(per105)

20-29yr

30-39yr268140.12.361.1(15.5-240.6)

40-49yr766505.118.128.0(13.8-56.6)

30-39yr

30-39yr212874.42.332.5(8.2-129.0)

40-49yr212675.618.14.2(1.1-16.6)

50-59yr7124268.883.33.2(1.6-6.6)

40-49yr

40-49yr678366.318.120.3(9.4-43.9)

50-59yr1372859.883.310.3(6.3-17.0)

60-69yr859645.7229.02.8(1.5-5.4)

50-59yr

50-59yr234280.183.33.4(0.9-12.9)

60-69yr332446.4229.01.9(0.7-5.8)

70-79yr129164.2363.40.5(0.1-3.1)

*Therelativeriskofkneearthroplastyinthecartilagecohortascomparedwiththegeneralpopulation,stratifiedin10-yearagegroups
atthetimeindexcartilageprocedure.Forthegeneralpopulation,theabsoluteriskwasestimatedasdescribedinTableIII.Inthe
cartilagecohort,thenumeratorwasthenumberofkneearthroplastiesineach10-yearagegroup(atthetimeofcartilagesurgery)andthe
denominatorwasthetotalnumberofpatientswithacartilageinjuryinthesameagegroup.†Generalpopulationexcludedpatientswith
previouscartilagesurgery.
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the present study enhance our knowledge of the natural history
of focal cartilage lesions.

The present study had several limitations. The included
patients were predominantly participants in previous clinical
trials and may not be representative of the average patient with a
focal cartilage lesion

31
. The follow-up rate of 65.1% may have

introduced bias to the interpretation of the results, although the

nonresponders had the same demographic characteristics as
the responders, with the exception that they were a mean of 3
years younger. Patients with poor knee function or knee
arthroplasty might have been more prone to participate in
the study, thus leading to an overestimated risk of knee
arthroplasty. Although the participants were asked if they
had undergone additional surgery, we did not have complete

TABLE V Number of Additional Surgical Procedures at Time of Index Cartilage Procedure*

Index Cartilage Treatment
ACL

Reconstruction
Meniscal
Resection

Meniscal
Suture

Lateral
Release

Diagnostic
Arthroscopy

Loose
Body

Removal Total

No surgical treatment of cartilage (n = 93) 12 39 2 2 36 2 93

Microfracture/debridement (n = 136) 2 6 0 0 0 0 8

ACI/MACI (n = 30) 1 0 0 0 0 0 1

Mosaicplasty (n = 53) 0 0 0 0 0 0 0

Other (n = 16) 0 1 0 0 0 0 1

*ACL = anterior cruciate ligament, ACI = autologous chondrocyte implantation, MACI =matrix-induced ACI, Other =MaioRegen (Finceramica, Italy),
Cartipatch (Xizia, Hong Kong), or TruFit (Smith & Nephew, USA).

TABLE IV Risk Ratio of Knee Arthroplasty After Cartilage Surgery in Specific Age Ranges Versus Age-Matched General Norwegian Population*

Cartilage Cohort
Age-Matched

General Population†

Risk Ratio
(95% 3CI)

Age at
Cartilage
Surgery

Age at
Knee

Arthroplasty
No. of Knee
Arthroplasties

No. of
Patients
in Age
Group

No. of Knee
Arthroplasties,
1999-2020
(per 105)

No. of Knee
Arthroplasties,
1999-2019
(per 105)

20-29 yr

30-39 yr 2 68 140.1 2.3 61.1 (15.5-240.6)

40-49 yr 7 66 505.1 18.1 28.0 (13.8-56.6)

30-39 yr

30-39 yr 2 128 74.4 2.3 32.5 (8.2-129.0)

40-49 yr 2 126 75.6 18.1 4.2 (1.1-16.6)

50-59 yr 7 124 268.8 83.3 3.2 (1.6-6.6)

40-49 yr

40-49 yr 6 78 366.3 18.1 20.3 (9.4-43.9)

50-59 yr 13 72 859.8 83.3 10.3 (6.3-17.0)

60-69 yr 8 59 645.7 229.0 2.8 (1.5-5.4)

50-59 yr

50-59 yr 2 34 280.1 83.3 3.4 (0.9-12.9)

60-69 yr 3 32 446.4 229.0 1.9 (0.7-5.8)

70-79 yr 1 29 164.2 363.4 0.5 (0.1-3.1)

*The relative risk of knee arthroplasty in the cartilage cohort as compared with the general population, stratified in 10-year age groups
at the time index cartilage procedure. For the general population, the absolute risk was estimated as described in Table III. In the
cartilage cohort, the numerator was the number of knee arthroplasties in each 10-year age group (at the time of cartilage surgery) and the
denominator was the total number of patients with a cartilage injury in the same age group. †General population excluded patients with
previous cartilage surgery.
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the present study enhance our knowledge of the natural history
of focal cartilage lesions.

The present study had several limitations. The included
patients were predominantly participants in previous clinical
trials and may not be representative of the average patient with a
focal cartilage lesion

31
. The follow-up rate of 65.1% may have

introduced bias to the interpretation of the results, although the

nonresponders had the same demographic characteristics as
the responders, with the exception that they were a mean of 3
years younger. Patients with poor knee function or knee
arthroplasty might have been more prone to participate in
the study, thus leading to an overestimated risk of knee
arthroplasty. Although the participants were asked if they
had undergone additional surgery, we did not have complete

TABLE V Number of Additional Surgical Procedures at Time of Index Cartilage Procedure*

Index Cartilage Treatment
ACL

Reconstruction
Meniscal
Resection

Meniscal
Suture

Lateral
Release

Diagnostic
Arthroscopy

Loose
Body

Removal Total

No surgical treatment of cartilage (n = 93) 12 39 2 2 36 2 93

Microfracture/debridement (n = 136) 2 6 0 0 0 0 8

ACI/MACI (n = 30) 1 0 0 0 0 0 1

Mosaicplasty (n = 53) 0 0 0 0 0 0 0

Other (n = 16) 0 1 0 0 0 0 1

*ACL = anterior cruciate ligament, ACI = autologous chondrocyte implantation, MACI =matrix-induced ACI, Other =MaioRegen (Finceramica, Italy),
Cartipatch (Xizia, Hong Kong), or TruFit (Smith & Nephew, USA).

TABLE IV Risk Ratio of Knee Arthroplasty After Cartilage Surgery in Specific Age Ranges Versus Age-Matched General Norwegian Population*

Cartilage Cohort
Age-Matched

General Population†

Risk Ratio
(95% 3CI)

Age at
Cartilage
Surgery

Age at
Knee

Arthroplasty
No. of Knee
Arthroplasties

No. of
Patients
in Age
Group

No. of Knee
Arthroplasties,
1999-2020
(per 105)

No. of Knee
Arthroplasties,
1999-2019
(per 105)

20-29 yr

30-39 yr 2 68 140.1 2.3 61.1 (15.5-240.6)

40-49 yr 7 66 505.1 18.1 28.0 (13.8-56.6)

30-39 yr

30-39 yr 2 128 74.4 2.3 32.5 (8.2-129.0)

40-49 yr 2 126 75.6 18.1 4.2 (1.1-16.6)

50-59 yr 7 124 268.8 83.3 3.2 (1.6-6.6)

40-49 yr

40-49 yr 6 78 366.3 18.1 20.3 (9.4-43.9)

50-59 yr 13 72 859.8 83.3 10.3 (6.3-17.0)

60-69 yr 8 59 645.7 229.0 2.8 (1.5-5.4)

50-59 yr

50-59 yr 2 34 280.1 83.3 3.4 (0.9-12.9)

60-69 yr 3 32 446.4 229.0 1.9 (0.7-5.8)

70-79 yr 1 29 164.2 363.4 0.5 (0.1-3.1)

*The relative risk of knee arthroplasty in the cartilage cohort as compared with the general population, stratified in 10-year age groups
at the time index cartilage procedure. For the general population, the absolute risk was estimated as described in Table III. In the
cartilage cohort, the numerator was the number of knee arthroplasties in each 10-year age group (at the time of cartilage surgery) and the
denominator was the total number of patients with a cartilage injury in the same age group. †General population excluded patients with
previous cartilage surgery.
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thepresentstudyenhanceourknowledgeofthenaturalhistory
offocalcartilagelesions.

Thepresentstudyhadseverallimitations.Theincluded
patientswerepredominantlyparticipantsinpreviousclinical
trialsandmaynotberepresentativeoftheaveragepatientwitha
focalcartilagelesion

31
.Thefollow-uprateof65.1%mayhave

introducedbiastotheinterpretationoftheresults,althoughthe

nonrespondershadthesamedemographiccharacteristicsas
theresponders,withtheexceptionthattheywereameanof3
yearsyounger.Patientswithpoorkneefunctionorknee
arthroplastymighthavebeenmorepronetoparticipatein
thestudy,thusleadingtoanoverestimatedriskofknee
arthroplasty.Althoughtheparticipantswereaskedifthey
hadundergoneadditionalsurgery,wedidnothavecomplete

TABLEVNumberofAdditionalSurgicalProceduresatTimeofIndexCartilageProcedure*

IndexCartilageTreatment
ACL

Reconstruction
Meniscal
Resection

Meniscal
Suture

Lateral
Release

Diagnostic
Arthroscopy

Loose
Body

RemovalTotal

Nosurgicaltreatmentofcartilage(n=93)12392236293

Microfracture/debridement(n=136)2600008

ACI/MACI(n=30)1000001

Mosaicplasty(n=53)0000000

Other(n=16)0100001

*ACL=anteriorcruciateligament,ACI=autologouschondrocyteimplantation,MACI=matrix-inducedACI,Other=MaioRegen(Finceramica,Italy),
Cartipatch(Xizia,HongKong),orTruFit(Smith&Nephew,USA).

TABLEIVRiskRatioofKneeArthroplastyAfterCartilageSurgeryinSpecificAgeRangesVersusAge-MatchedGeneralNorwegianPopulation*

CartilageCohort
Age-Matched

GeneralPopulation†

RiskRatio
(95%3CI)

Ageat
Cartilage
Surgery

Ageat
Knee

Arthroplasty
No.ofKnee
Arthroplasties

No.of
Patients
inAge
Group

No.ofKnee
Arthroplasties,
1999-2020
(per105)

No.ofKnee
Arthroplasties,
1999-2019
(per105)

20-29yr

30-39yr268140.12.361.1(15.5-240.6)

40-49yr766505.118.128.0(13.8-56.6)

30-39yr

30-39yr212874.42.332.5(8.2-129.0)

40-49yr212675.618.14.2(1.1-16.6)

50-59yr7124268.883.33.2(1.6-6.6)

40-49yr

40-49yr678366.318.120.3(9.4-43.9)

50-59yr1372859.883.310.3(6.3-17.0)

60-69yr859645.7229.02.8(1.5-5.4)

50-59yr

50-59yr234280.183.33.4(0.9-12.9)

60-69yr332446.4229.01.9(0.7-5.8)

70-79yr129164.2363.40.5(0.1-3.1)

*Therelativeriskofkneearthroplastyinthecartilagecohortascomparedwiththegeneralpopulation,stratifiedin10-yearagegroups
atthetimeindexcartilageprocedure.Forthegeneralpopulation,theabsoluteriskwasestimatedasdescribedinTableIII.Inthe
cartilagecohort,thenumeratorwasthenumberofkneearthroplastiesineach10-yearagegroup(atthetimeofcartilagesurgery)andthe
denominatorwasthetotalnumberofpatientswithacartilageinjuryinthesameagegroup.†Generalpopulationexcludedpatientswith
previouscartilagesurgery.
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thepresentstudyenhanceourknowledgeofthenaturalhistory
offocalcartilagelesions.

Thepresentstudyhadseverallimitations.Theincluded
patientswerepredominantlyparticipantsinpreviousclinical
trialsandmaynotberepresentativeoftheaveragepatientwitha
focalcartilagelesion

31
.Thefollow-uprateof65.1%mayhave

introducedbiastotheinterpretationoftheresults,althoughthe

nonrespondershadthesamedemographiccharacteristicsas
theresponders,withtheexceptionthattheywereameanof3
yearsyounger.Patientswithpoorkneefunctionorknee
arthroplastymighthavebeenmorepronetoparticipatein
thestudy,thusleadingtoanoverestimatedriskofknee
arthroplasty.Althoughtheparticipantswereaskedifthey
hadundergoneadditionalsurgery,wedidnothavecomplete

TABLEVNumberofAdditionalSurgicalProceduresatTimeofIndexCartilageProcedure*

IndexCartilageTreatment
ACL

Reconstruction
Meniscal
Resection

Meniscal
Suture

Lateral
Release

Diagnostic
Arthroscopy

Loose
Body

RemovalTotal

Nosurgicaltreatmentofcartilage(n=93)12392236293

Microfracture/debridement(n=136)2600008

ACI/MACI(n=30)1000001

Mosaicplasty(n=53)0000000

Other(n=16)0100001

*ACL=anteriorcruciateligament,ACI=autologouschondrocyteimplantation,MACI=matrix-inducedACI,Other=MaioRegen(Finceramica,Italy),
Cartipatch(Xizia,HongKong),orTruFit(Smith&Nephew,USA).

TABLEIVRiskRatioofKneeArthroplastyAfterCartilageSurgeryinSpecificAgeRangesVersusAge-MatchedGeneralNorwegianPopulation*

CartilageCohort
Age-Matched

GeneralPopulation†

RiskRatio
(95%3CI)

Ageat
Cartilage
Surgery

Ageat
Knee

Arthroplasty
No.ofKnee
Arthroplasties

No.of
Patients
inAge
Group

No.ofKnee
Arthroplasties,
1999-2020
(per105)

No.ofKnee
Arthroplasties,
1999-2019
(per105)

20-29yr

30-39yr268140.12.361.1(15.5-240.6)

40-49yr766505.118.128.0(13.8-56.6)

30-39yr

30-39yr212874.42.332.5(8.2-129.0)

40-49yr212675.618.14.2(1.1-16.6)

50-59yr7124268.883.33.2(1.6-6.6)

40-49yr

40-49yr678366.318.120.3(9.4-43.9)

50-59yr1372859.883.310.3(6.3-17.0)

60-69yr859645.7229.02.8(1.5-5.4)

50-59yr

50-59yr234280.183.33.4(0.9-12.9)

60-69yr332446.4229.01.9(0.7-5.8)

70-79yr129164.2363.40.5(0.1-3.1)

*Therelativeriskofkneearthroplastyinthecartilagecohortascomparedwiththegeneralpopulation,stratifiedin10-yearagegroups
atthetimeindexcartilageprocedure.Forthegeneralpopulation,theabsoluteriskwasestimatedasdescribedinTableIII.Inthe
cartilagecohort,thenumeratorwasthenumberofkneearthroplastiesineach10-yearagegroup(atthetimeofcartilagesurgery)andthe
denominatorwasthetotalnumberofpatientswithacartilageinjuryinthesameagegroup.†Generalpopulationexcludedpatientswith
previouscartilagesurgery.
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thepresentstudyenhanceourknowledgeofthenaturalhistory
offocalcartilagelesions.

Thepresentstudyhadseverallimitations.Theincluded
patientswerepredominantlyparticipantsinpreviousclinical
trialsandmaynotberepresentativeoftheaveragepatientwitha
focalcartilagelesion

31
.Thefollow-uprateof65.1%mayhave

introducedbiastotheinterpretationoftheresults,althoughthe

nonrespondershadthesamedemographiccharacteristicsas
theresponders,withtheexceptionthattheywereameanof3
yearsyounger.Patientswithpoorkneefunctionorknee
arthroplastymighthavebeenmorepronetoparticipatein
thestudy,thusleadingtoanoverestimatedriskofknee
arthroplasty.Althoughtheparticipantswereaskedifthey
hadundergoneadditionalsurgery,wedidnothavecomplete

TABLEVNumberofAdditionalSurgicalProceduresatTimeofIndexCartilageProcedure*

IndexCartilageTreatment
ACL

Reconstruction
Meniscal
Resection

Meniscal
Suture

Lateral
Release

Diagnostic
Arthroscopy

Loose
Body

RemovalTotal

Nosurgicaltreatmentofcartilage(n=93)12392236293

Microfracture/debridement(n=136)2600008

ACI/MACI(n=30)1000001

Mosaicplasty(n=53)0000000

Other(n=16)0100001

*ACL=anteriorcruciateligament,ACI=autologouschondrocyteimplantation,MACI=matrix-inducedACI,Other=MaioRegen(Finceramica,Italy),
Cartipatch(Xizia,HongKong),orTruFit(Smith&Nephew,USA).

TABLEIVRiskRatioofKneeArthroplastyAfterCartilageSurgeryinSpecificAgeRangesVersusAge-MatchedGeneralNorwegianPopulation*

CartilageCohort
Age-Matched

GeneralPopulation†

RiskRatio
(95%3CI)

Ageat
Cartilage
Surgery

Ageat
Knee

Arthroplasty
No.ofKnee
Arthroplasties

No.of
Patients
inAge
Group

No.ofKnee
Arthroplasties,
1999-2020
(per105)

No.ofKnee
Arthroplasties,
1999-2019
(per105)

20-29yr

30-39yr268140.12.361.1(15.5-240.6)

40-49yr766505.118.128.0(13.8-56.6)

30-39yr

30-39yr212874.42.332.5(8.2-129.0)

40-49yr212675.618.14.2(1.1-16.6)

50-59yr7124268.883.33.2(1.6-6.6)

40-49yr

40-49yr678366.318.120.3(9.4-43.9)

50-59yr1372859.883.310.3(6.3-17.0)

60-69yr859645.7229.02.8(1.5-5.4)

50-59yr

50-59yr234280.183.33.4(0.9-12.9)

60-69yr332446.4229.01.9(0.7-5.8)

70-79yr129164.2363.40.5(0.1-3.1)

*Therelativeriskofkneearthroplastyinthecartilagecohortascomparedwiththegeneralpopulation,stratifiedin10-yearagegroups
atthetimeindexcartilageprocedure.Forthegeneralpopulation,theabsoluteriskwasestimatedasdescribedinTableIII.Inthe
cartilagecohort,thenumeratorwasthenumberofkneearthroplastiesineach10-yearagegroup(atthetimeofcartilagesurgery)andthe
denominatorwasthetotalnumberofpatientswithacartilageinjuryinthesameagegroup.†Generalpopulationexcludedpatientswith
previouscartilagesurgery.
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thepresentstudyenhanceourknowledgeofthenaturalhistory
offocalcartilagelesions.

Thepresentstudyhadseverallimitations.Theincluded
patientswerepredominantlyparticipantsinpreviousclinical
trialsandmaynotberepresentativeoftheaveragepatientwitha
focalcartilagelesion

31
.Thefollow-uprateof65.1%mayhave

introducedbiastotheinterpretationoftheresults,althoughthe

nonrespondershadthesamedemographiccharacteristicsas
theresponders,withtheexceptionthattheywereameanof3
yearsyounger.Patientswithpoorkneefunctionorknee
arthroplastymighthavebeenmorepronetoparticipatein
thestudy,thusleadingtoanoverestimatedriskofknee
arthroplasty.Althoughtheparticipantswereaskedifthey
hadundergoneadditionalsurgery,wedidnothavecomplete

TABLEVNumberofAdditionalSurgicalProceduresatTimeofIndexCartilageProcedure*

IndexCartilageTreatment
ACL

Reconstruction
Meniscal
Resection

Meniscal
Suture

Lateral
Release

Diagnostic
Arthroscopy

Loose
Body

RemovalTotal

Nosurgicaltreatmentofcartilage(n=93)12392236293

Microfracture/debridement(n=136)2600008

ACI/MACI(n=30)1000001

Mosaicplasty(n=53)0000000

Other(n=16)0100001

*ACL=anteriorcruciateligament,ACI=autologouschondrocyteimplantation,MACI=matrix-inducedACI,Other=MaioRegen(Finceramica,Italy),
Cartipatch(Xizia,HongKong),orTruFit(Smith&Nephew,USA).

TABLEIVRiskRatioofKneeArthroplastyAfterCartilageSurgeryinSpecificAgeRangesVersusAge-MatchedGeneralNorwegianPopulation*

CartilageCohort
Age-Matched

GeneralPopulation†

RiskRatio
(95%3CI)

Ageat
Cartilage
Surgery

Ageat
Knee

Arthroplasty
No.ofKnee
Arthroplasties

No.of
Patients
inAge
Group

No.ofKnee
Arthroplasties,
1999-2020
(per105)

No.ofKnee
Arthroplasties,
1999-2019
(per105)

20-29yr

30-39yr268140.12.361.1(15.5-240.6)

40-49yr766505.118.128.0(13.8-56.6)

30-39yr

30-39yr212874.42.332.5(8.2-129.0)

40-49yr212675.618.14.2(1.1-16.6)

50-59yr7124268.883.33.2(1.6-6.6)

40-49yr

40-49yr678366.318.120.3(9.4-43.9)

50-59yr1372859.883.310.3(6.3-17.0)

60-69yr859645.7229.02.8(1.5-5.4)

50-59yr

50-59yr234280.183.33.4(0.9-12.9)

60-69yr332446.4229.01.9(0.7-5.8)

70-79yr129164.2363.40.5(0.1-3.1)

*Therelativeriskofkneearthroplastyinthecartilagecohortascomparedwiththegeneralpopulation,stratifiedin10-yearagegroups
atthetimeindexcartilageprocedure.Forthegeneralpopulation,theabsoluteriskwasestimatedasdescribedinTableIII.Inthe
cartilagecohort,thenumeratorwasthenumberofkneearthroplastiesineach10-yearagegroup(atthetimeofcartilagesurgery)andthe
denominatorwasthetotalnumberofpatientswithacartilageinjuryinthesameagegroup.†Generalpopulationexcludedpatientswith
previouscartilagesurgery.

958

THEJOURNALOFBONE&JOINTSURGERY
d
JBJS.ORG

VOLUME105-A
d
NUMBER12

d
JUNE21,2023

LONG-TERMRISKOFKNEEARTHROPLASTYINPATIENTSWITHFOCAL

CARTILAGELESIONS

D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.lw

w
.c

om
/jb

js
jo

ur
na

l b
y 

B
hD

M
f5

eP
H

K
av

1z
E

ou
m

1t
Q

fN
4a

+
kJ

Lh
E

Z
gb

sI
H

o4
X

M
i0

hC
yw

C
X

1A
W

nY
Q

p/
IlQ

rH
D

3i
3D

0O
dR

yi
7T

vS
F

l4
C

f3
V

C
1y

0a
bg

gQ
Z

X
dg

G
j2

M
w

lZ
Le

I=
 o

n 
06

/1
8/

20
24



medical records regarding later knee surgery. There were few
knee arthroplasties in the younger age groups, which could
have introduced bias.

The NAR does not include any details on BMI, and thus
patients undergoing knee arthroplasty in the general popula-
tion could have a significantly different BMI than those in our
cohort. However, in 2020, the mean BMI values for Norwegian
men and womenwere 26.5 and 25.6 kg/m2, respectively, with a
BMI value of >30 kg/m2 reported for 59% and 47% of men
and women, respectively32. These findings suggest that the BMI
for our cartilage cohort was comparable with that the general
Norwegian population. Three different PROMs were used
preoperatively, and no patient had >1 preoperative PROM,
limiting the ability to adjust on the basis of PROM data in the
Cox model.

The present study was not a randomized trial, and the
indications for the different cartilage treatments might have
varied substantially. However, the patients who underwent
ACI and several of those who underwent microfracture were
participants in previous randomized trials, reducing the risk
of selection bias. Patients who underwent cartilage surgery
might have had more symptomatic lesions than those who
did not. There also may have been unknown confounding
factors (e.g., genetic disposition) that influenced the risk of
knee arthroplasty10.

Risk of Arthroplasty
Apold et al. identified increased BMI and heavy labor as
risk factors for knee arthroplasty in the Norwegian general
population9. In the present study, being overweight at the
time of follow-up was associated with an increased risk of
knee arthroplasty.

Several long-term clinical trials have investigated knee
arthroplasty after cartilage surgery12,33,34. Ogura et al. reported a
20% rate of knee arthroplasty in a 20-year follow-up of first-
generation ACI, which is in line with our results12. Gobbi et al.
presented the 15-year results for focal cartilage lesions that
had been treated with microfracture in an athletic patient
cohort13. Those authors reported progression of osteoar-
thritis in 40% of the knees, with an 11% rate of failure
(defined as subsequent surgery by the time of the latest
follow-up); however, they did not report whether any of the
subsequent procedures were knee arthroplasties. Older age
at the time of cartilage surgery and large or multiple lesions
were found to be the main risk factors for osteoarthritis.
Possible explanations for the high rate of knee arthroplasty
in our study may have been our somewhat older patient
cohort (mean, 36.8 versus 31.4 years) as well as the 5-year-
longer follow-up as compared with the study by Gobbi et al.
Differences in the frequency of knee arthroplasty at a pop-
ulation level between regions, as demonstrated by Ackerman
et al.35, also might have contributed to the difference in the
rate of knee arthroplasty.

Abram et al., in a study of almost 158,000 patients
who had undergone previous chondroplasty in U.K. National
Health Service (NHS) hospitals, found an increased risk of

knee arthroplasty compared with that in the general British
population14. The overall risk of knee arthroplasty within
8 years was 17.6%. Both sex and age were identified as risk
factors for later knee arthroplasty. Abram et al. provided no
information on BMI but found that an increased Charlson
Comorbidity Index increased the risk of knee arthroplasty.
The cohort in that study (mean age, 51.7 years) was older than
our cohort. This is most likely the explanation why the 8-year
risk of knee arthroplasty in the U.K. chondroplasty cohort
approximated the 20-year risk in our study.

Both ACL injury and meniscal lesions are known to in-
crease the risk of osteoarthritis and subsequent TKA8,36-40. In the
present cartilage cohort, neither meniscal resection nor ACL
surgery was associatedwith an increased risk of knee arthroplasty.
A possible explanation could be that the cartilage lesion increases
the risk of knee arthroplasty substantially more than ACL and
meniscal injury do, thereby limiting the functional impact of the
latter. Visnes et al. found a 3-times increased risk of knee
arthroplasty in 30 to 39-year-old patients and a doubled risk in
40 to 49-year-old patients after ACL surgery compared with the
general population41. In our cartilage cohort, the corresponding
values were a 416-times increased risk and a 49-times increased
risk, respectively. However, we do not have any information
regarding nonoperative ACL treatment. Another possibility is
that the surgeons might have misclassified arthritic lesions
as focal cartilage lesions. We found that the oldest patients
in our cartilage cohort had a tendency toward a decreased
risk of subsequent knee arthroplasty (although this finding
was not significant). This finding might be indicative that
patients with arthritic lesions were excluded even in the older
patient group.

In the present study, we found that treatment of the cartilage
lesion with ACI increased the risk of subsequent knee arthroplasty
by 3.4 times as compared with no treatment. To reduce the risk of
including asymptomatic lesions in the nonoperatively treated
group, we performed a subanalysis of the patients without
any concomitant procedures at the time of the index pro-
cedure. The subanalysis revealed no significant difference
between the treatment groups, suggesting that our finding
of increased risk following ACI could have been due to
confounding factors. Vasiliadis and Wasiak, in a Cochrane
review, found that there is insufficient evidence of the
superiority of ACI compared with other cartilage treat-
ments42. In recent years, high-volume orthopaedic proce-
dures such as meniscal surgery in middle-aged patients
have been shown not to be superior to sham surgery or
nonoperative treatment43,44. Consequently, we suggest that
future clinical trials on the treatment of focal cartilage
lesions in the knee should include a control group that is
treated nonoperatively or with sham surgery45.

Conclusions
In this study, the 20-year cumulative risk of knee arthroplasty
after focal cartilage lesion in the knee was 19%. We found an up
to 416-times increased risk of knee arthroplasty in patients with a
focal cartilage lesion as compared with the general population.
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medicalrecordsregardinglaterkneesurgery.Therewerefew
kneearthroplastiesintheyoungeragegroups,whichcould
haveintroducedbias.

TheNARdoesnotincludeanydetailsonBMI,andthus
patientsundergoingkneearthroplastyinthegeneralpopula-
tioncouldhaveasignificantlydifferentBMIthanthoseinour
cohort.However,in2020,themeanBMIvaluesforNorwegian
menandwomenwere26.5and25.6kg/m2,respectively,witha
BMIvalueof>30kg/m2reportedfor59%and47%ofmen
andwomen,respectively32.ThesefindingssuggestthattheBMI
forourcartilagecohortwascomparablewiththatthegeneral
Norwegianpopulation.ThreedifferentPROMswereused
preoperatively,andnopatienthad>1preoperativePROM,
limitingtheabilitytoadjustonthebasisofPROMdatainthe
Coxmodel.

Thepresentstudywasnotarandomizedtrial,andthe
indicationsforthedifferentcartilagetreatmentsmighthave
variedsubstantially.However,thepatientswhounderwent
ACIandseveralofthosewhounderwentmicrofracturewere
participantsinpreviousrandomizedtrials,reducingtherisk
ofselectionbias.Patientswhounderwentcartilagesurgery
mighthavehadmoresymptomaticlesionsthanthosewho
didnot.Therealsomayhavebeenunknownconfounding
factors(e.g.,geneticdisposition)thatinfluencedtheriskof
kneearthroplasty10.

RiskofArthroplasty
Apoldetal.identifiedincreasedBMIandheavylaboras
riskfactorsforkneearthroplastyintheNorwegiangeneral
population9.Inthepresentstudy,beingoverweightatthe
timeoffollow-upwasassociatedwithanincreasedriskof
kneearthroplasty.

Severallong-termclinicaltrialshaveinvestigatedknee
arthroplastyaftercartilagesurgery12,33,34.Oguraetal.reporteda
20%rateofkneearthroplastyina20-yearfollow-upoffirst-
generationACI,whichisinlinewithourresults12.Gobbietal.
presentedthe15-yearresultsforfocalcartilagelesionsthat
hadbeentreatedwithmicrofractureinanathleticpatient
cohort13.Thoseauthorsreportedprogressionofosteoar-
thritisin40%oftheknees,withan11%rateoffailure
(definedassubsequentsurgerybythetimeofthelatest
follow-up);however,theydidnotreportwhetheranyofthe
subsequentprocedureswerekneearthroplasties.Olderage
atthetimeofcartilagesurgeryandlargeormultiplelesions
werefoundtobethemainriskfactorsforosteoarthritis.
Possibleexplanationsforthehighrateofkneearthroplasty
inourstudymayhavebeenoursomewhatolderpatient
cohort(mean,36.8versus31.4years)aswellasthe5-year-
longerfollow-upascomparedwiththestudybyGobbietal.
Differencesinthefrequencyofkneearthroplastyatapop-
ulationlevelbetweenregions,asdemonstratedbyAckerman
etal.35,alsomighthavecontributedtothedifferenceinthe
rateofkneearthroplasty.

Abrametal.,inastudyofalmost158,000patients
whohadundergonepreviouschondroplastyinU.K.National
HealthService(NHS)hospitals,foundanincreasedriskof

kneearthroplastycomparedwiththatinthegeneralBritish
population14.Theoverallriskofkneearthroplastywithin
8yearswas17.6%.Bothsexandagewereidentifiedasrisk
factorsforlaterkneearthroplasty.Abrametal.providedno
informationonBMIbutfoundthatanincreasedCharlson
ComorbidityIndexincreasedtheriskofkneearthroplasty.
Thecohortinthatstudy(meanage,51.7years)wasolderthan
ourcohort.Thisismostlikelytheexplanationwhythe8-year
riskofkneearthroplastyintheU.K.chondroplastycohort
approximatedthe20-yearriskinourstudy.

BothACLinjuryandmeniscallesionsareknowntoin-
creasetheriskofosteoarthritisandsubsequentTKA8,36-40.Inthe
presentcartilagecohort,neithermeniscalresectionnorACL
surgerywasassociatedwithanincreasedriskofkneearthroplasty.
Apossibleexplanationcouldbethatthecartilagelesionincreases
theriskofkneearthroplastysubstantiallymorethanACLand
meniscalinjurydo,therebylimitingthefunctionalimpactofthe
latter.Visnesetal.founda3-timesincreasedriskofknee
arthroplastyin30to39-year-oldpatientsandadoubledriskin
40to49-year-oldpatientsafterACLsurgerycomparedwiththe
generalpopulation41.Inourcartilagecohort,thecorresponding
valueswerea416-timesincreasedriskanda49-timesincreased
risk,respectively.However,wedonothaveanyinformation
regardingnonoperativeACLtreatment.Anotherpossibilityis
thatthesurgeonsmighthavemisclassifiedarthriticlesions
asfocalcartilagelesions.Wefoundthattheoldestpatients
inourcartilagecohorthadatendencytowardadecreased
riskofsubsequentkneearthroplasty(althoughthisfinding
wasnotsignificant).Thisfindingmightbeindicativethat
patientswitharthriticlesionswereexcludedevenintheolder
patientgroup.

Inthepresentstudy,wefoundthattreatmentofthecartilage
lesionwithACIincreasedtheriskofsubsequentkneearthroplasty
by3.4timesascomparedwithnotreatment.Toreducetheriskof
includingasymptomaticlesionsinthenonoperativelytreated
group,weperformedasubanalysisofthepatientswithout
anyconcomitantproceduresatthetimeoftheindexpro-
cedure.Thesubanalysisrevealednosignificantdifference
betweenthetreatmentgroups,suggestingthatourfinding
ofincreasedriskfollowingACIcouldhavebeendueto
confoundingfactors.VasiliadisandWasiak,inaCochrane
review,foundthatthereisinsufficientevidenceofthe
superiorityofACIcomparedwithothercartilagetreat-
ments42.Inrecentyears,high-volumeorthopaedicproce-
duressuchasmeniscalsurgeryinmiddle-agedpatients
havebeenshownnottobesuperiortoshamsurgeryor
nonoperativetreatment43,44.Consequently,wesuggestthat
futureclinicaltrialsonthetreatmentoffocalcartilage
lesionsinthekneeshouldincludeacontrolgroupthatis
treatednonoperativelyorwithshamsurgery45.

Conclusions
Inthisstudy,the20-yearcumulativeriskofkneearthroplasty
afterfocalcartilagelesioninthekneewas19%.Wefoundanup
to416-timesincreasedriskofkneearthroplastyinpatientswitha
focalcartilagelesionascomparedwiththegeneralpopulation.
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medicalrecordsregardinglaterkneesurgery.Therewerefew
kneearthroplastiesintheyoungeragegroups,whichcould
haveintroducedbias.

TheNARdoesnotincludeanydetailsonBMI,andthus
patientsundergoingkneearthroplastyinthegeneralpopula-
tioncouldhaveasignificantlydifferentBMIthanthoseinour
cohort.However,in2020,themeanBMIvaluesforNorwegian
menandwomenwere26.5and25.6kg/m2,respectively,witha
BMIvalueof>30kg/m2reportedfor59%and47%ofmen
andwomen,respectively32.ThesefindingssuggestthattheBMI
forourcartilagecohortwascomparablewiththatthegeneral
Norwegianpopulation.ThreedifferentPROMswereused
preoperatively,andnopatienthad>1preoperativePROM,
limitingtheabilitytoadjustonthebasisofPROMdatainthe
Coxmodel.

Thepresentstudywasnotarandomizedtrial,andthe
indicationsforthedifferentcartilagetreatmentsmighthave
variedsubstantially.However,thepatientswhounderwent
ACIandseveralofthosewhounderwentmicrofracturewere
participantsinpreviousrandomizedtrials,reducingtherisk
ofselectionbias.Patientswhounderwentcartilagesurgery
mighthavehadmoresymptomaticlesionsthanthosewho
didnot.Therealsomayhavebeenunknownconfounding
factors(e.g.,geneticdisposition)thatinfluencedtheriskof
kneearthroplasty10.

RiskofArthroplasty
Apoldetal.identifiedincreasedBMIandheavylaboras
riskfactorsforkneearthroplastyintheNorwegiangeneral
population9.Inthepresentstudy,beingoverweightatthe
timeoffollow-upwasassociatedwithanincreasedriskof
kneearthroplasty.

Severallong-termclinicaltrialshaveinvestigatedknee
arthroplastyaftercartilagesurgery12,33,34.Oguraetal.reporteda
20%rateofkneearthroplastyina20-yearfollow-upoffirst-
generationACI,whichisinlinewithourresults12.Gobbietal.
presentedthe15-yearresultsforfocalcartilagelesionsthat
hadbeentreatedwithmicrofractureinanathleticpatient
cohort13.Thoseauthorsreportedprogressionofosteoar-
thritisin40%oftheknees,withan11%rateoffailure
(definedassubsequentsurgerybythetimeofthelatest
follow-up);however,theydidnotreportwhetheranyofthe
subsequentprocedureswerekneearthroplasties.Olderage
atthetimeofcartilagesurgeryandlargeormultiplelesions
werefoundtobethemainriskfactorsforosteoarthritis.
Possibleexplanationsforthehighrateofkneearthroplasty
inourstudymayhavebeenoursomewhatolderpatient
cohort(mean,36.8versus31.4years)aswellasthe5-year-
longerfollow-upascomparedwiththestudybyGobbietal.
Differencesinthefrequencyofkneearthroplastyatapop-
ulationlevelbetweenregions,asdemonstratedbyAckerman
etal.35,alsomighthavecontributedtothedifferenceinthe
rateofkneearthroplasty.

Abrametal.,inastudyofalmost158,000patients
whohadundergonepreviouschondroplastyinU.K.National
HealthService(NHS)hospitals,foundanincreasedriskof

kneearthroplastycomparedwiththatinthegeneralBritish
population14.Theoverallriskofkneearthroplastywithin
8yearswas17.6%.Bothsexandagewereidentifiedasrisk
factorsforlaterkneearthroplasty.Abrametal.providedno
informationonBMIbutfoundthatanincreasedCharlson
ComorbidityIndexincreasedtheriskofkneearthroplasty.
Thecohortinthatstudy(meanage,51.7years)wasolderthan
ourcohort.Thisismostlikelytheexplanationwhythe8-year
riskofkneearthroplastyintheU.K.chondroplastycohort
approximatedthe20-yearriskinourstudy.

BothACLinjuryandmeniscallesionsareknowntoin-
creasetheriskofosteoarthritisandsubsequentTKA8,36-40.Inthe
presentcartilagecohort,neithermeniscalresectionnorACL
surgerywasassociatedwithanincreasedriskofkneearthroplasty.
Apossibleexplanationcouldbethatthecartilagelesionincreases
theriskofkneearthroplastysubstantiallymorethanACLand
meniscalinjurydo,therebylimitingthefunctionalimpactofthe
latter.Visnesetal.founda3-timesincreasedriskofknee
arthroplastyin30to39-year-oldpatientsandadoubledriskin
40to49-year-oldpatientsafterACLsurgerycomparedwiththe
generalpopulation41.Inourcartilagecohort,thecorresponding
valueswerea416-timesincreasedriskanda49-timesincreased
risk,respectively.However,wedonothaveanyinformation
regardingnonoperativeACLtreatment.Anotherpossibilityis
thatthesurgeonsmighthavemisclassifiedarthriticlesions
asfocalcartilagelesions.Wefoundthattheoldestpatients
inourcartilagecohorthadatendencytowardadecreased
riskofsubsequentkneearthroplasty(althoughthisfinding
wasnotsignificant).Thisfindingmightbeindicativethat
patientswitharthriticlesionswereexcludedevenintheolder
patientgroup.

Inthepresentstudy,wefoundthattreatmentofthecartilage
lesionwithACIincreasedtheriskofsubsequentkneearthroplasty
by3.4timesascomparedwithnotreatment.Toreducetheriskof
includingasymptomaticlesionsinthenonoperativelytreated
group,weperformedasubanalysisofthepatientswithout
anyconcomitantproceduresatthetimeoftheindexpro-
cedure.Thesubanalysisrevealednosignificantdifference
betweenthetreatmentgroups,suggestingthatourfinding
ofincreasedriskfollowingACIcouldhavebeendueto
confoundingfactors.VasiliadisandWasiak,inaCochrane
review,foundthatthereisinsufficientevidenceofthe
superiorityofACIcomparedwithothercartilagetreat-
ments42.Inrecentyears,high-volumeorthopaedicproce-
duressuchasmeniscalsurgeryinmiddle-agedpatients
havebeenshownnottobesuperiortoshamsurgeryor
nonoperativetreatment43,44.Consequently,wesuggestthat
futureclinicaltrialsonthetreatmentoffocalcartilage
lesionsinthekneeshouldincludeacontrolgroupthatis
treatednonoperativelyorwithshamsurgery45.

Conclusions
Inthisstudy,the20-yearcumulativeriskofkneearthroplasty
afterfocalcartilagelesioninthekneewas19%.Wefoundanup
to416-timesincreasedriskofkneearthroplastyinpatientswitha
focalcartilagelesionascomparedwiththegeneralpopulation.
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medical records regarding later knee surgery. There were few
knee arthroplasties in the younger age groups, which could
have introduced bias.

The NAR does not include any details on BMI, and thus
patients undergoing knee arthroplasty in the general popula-
tion could have a significantly different BMI than those in our
cohort. However, in 2020, the mean BMI values for Norwegian
men and womenwere 26.5 and 25.6 kg/m2, respectively, with a
BMI value of >30 kg/m2 reported for 59% and 47% of men
and women, respectively

32
. These findings suggest that the BMI

for our cartilage cohort was comparable with that the general
Norwegian population. Three different PROMs were used
preoperatively, and no patient had >1 preoperative PROM,
limiting the ability to adjust on the basis of PROM data in the
Cox model.

The present study was not a randomized trial, and the
indications for the different cartilage treatments might have
varied substantially. However, the patients who underwent
ACI and several of those who underwent microfracture were
participants in previous randomized trials, reducing the risk
of selection bias. Patients who underwent cartilage surgery
might have had more symptomatic lesions than those who
did not. There also may have been unknown confounding
factors (e.g., genetic disposition) that influenced the risk of
knee arthroplasty

10
.

Risk of Arthroplasty
Apold et al. identified increased BMI and heavy labor as
risk factors for knee arthroplasty in the Norwegian general
population

9
. In the present study, being overweight at the

time of follow-up was associated with an increased risk of
knee arthroplasty.

Several long-term clinical trials have investigated knee
arthroplasty after cartilage surgery

12,33,34
. Ogura et al. reported a

20% rate of knee arthroplasty in a 20-year follow-up of first-
generation ACI, which is in line with our results

12
. Gobbi et al.

presented the 15-year results for focal cartilage lesions that
had been treated with microfracture in an athletic patient
cohort

13
. Those authors reported progression of osteoar-

thritis in 40% of the knees, with an 11% rate of failure
(defined as subsequent surgery by the time of the latest
follow-up); however, they did not report whether any of the
subsequent procedures were knee arthroplasties. Older age
at the time of cartilage surgery and large or multiple lesions
were found to be the main risk factors for osteoarthritis.
Possible explanations for the high rate of knee arthroplasty
in our study may have been our somewhat older patient
cohort (mean, 36.8 versus 31.4 years) as well as the 5-year-
longer follow-up as compared with the study by Gobbi et al.
Differences in the frequency of knee arthroplasty at a pop-
ulation level between regions, as demonstrated by Ackerman
et al.

35
, also might have contributed to the difference in the

rate of knee arthroplasty.
Abram et al., in a study of almost 158,000 patients

who had undergone previous chondroplasty in U.K. National
Health Service (NHS) hospitals, found an increased risk of

knee arthroplasty compared with that in the general British
population

14
. The overall risk of knee arthroplasty within

8 years was 17.6%. Both sex and age were identified as risk
factors for later knee arthroplasty. Abram et al. provided no
information on BMI but found that an increased Charlson
Comorbidity Index increased the risk of knee arthroplasty.
The cohort in that study (mean age, 51.7 years) was older than
our cohort. This is most likely the explanation why the 8-year
risk of knee arthroplasty in the U.K. chondroplasty cohort
approximated the 20-year risk in our study.

Both ACL injury and meniscal lesions are known to in-
crease the risk of osteoarthritis and subsequent TKA

8,36-40
. In the

present cartilage cohort, neither meniscal resection nor ACL
surgery was associatedwith an increased risk of knee arthroplasty.
A possible explanation could be that the cartilage lesion increases
the risk of knee arthroplasty substantially more than ACL and
meniscal injury do, thereby limiting the functional impact of the
latter. Visnes et al. found a 3-times increased risk of knee
arthroplasty in 30 to 39-year-old patients and a doubled risk in
40 to 49-year-old patients after ACL surgery compared with the
general population

41
. In our cartilage cohort, the corresponding

values were a 416-times increased risk and a 49-times increased
risk, respectively. However, we do not have any information
regarding nonoperative ACL treatment. Another possibility is
that the surgeons might have misclassified arthritic lesions
as focal cartilage lesions. We found that the oldest patients
in our cartilage cohort had a tendency toward a decreased
risk of subsequent knee arthroplasty (although this finding
was not significant). This finding might be indicative that
patients with arthritic lesions were excluded even in the older
patient group.

In the present study, we found that treatment of the cartilage
lesion with ACI increased the risk of subsequent knee arthroplasty
by 3.4 times as compared with no treatment. To reduce the risk of
including asymptomatic lesions in the nonoperatively treated
group, we performed a subanalysis of the patients without
any concomitant procedures at the time of the index pro-
cedure. The subanalysis revealed no significant difference
between the treatment groups, suggesting that our finding
of increased risk following ACI could have been due to
confounding factors. Vasiliadis and Wasiak, in a Cochrane
review, found that there is insufficient evidence of the
superiority of ACI compared with other cartilage treat-
ments

42
. In recent years, high-volume orthopaedic proce-

dures such as meniscal surgery in middle-aged patients
have been shown not to be superior to sham surgery or
nonoperative treatment

43,44
. Consequently, we suggest that

future clinical trials on the treatment of focal cartilage
lesions in the knee should include a control group that is
treated nonoperatively or with sham surgery

45
.

Conclusions
In this study, the 20-year cumulative risk of knee arthroplasty
after focal cartilage lesion in the knee was 19%. We found an up
to 416-times increased risk of knee arthroplasty in patients with a
focal cartilage lesion as compared with the general population.
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medical records regarding later knee surgery. There were few
knee arthroplasties in the younger age groups, which could
have introduced bias.

The NAR does not include any details on BMI, and thus
patients undergoing knee arthroplasty in the general popula-
tion could have a significantly different BMI than those in our
cohort. However, in 2020, the mean BMI values for Norwegian
men and womenwere 26.5 and 25.6 kg/m2, respectively, with a
BMI value of >30 kg/m2 reported for 59% and 47% of men
and women, respectively

32
. These findings suggest that the BMI

for our cartilage cohort was comparable with that the general
Norwegian population. Three different PROMs were used
preoperatively, and no patient had >1 preoperative PROM,
limiting the ability to adjust on the basis of PROM data in the
Cox model.

The present study was not a randomized trial, and the
indications for the different cartilage treatments might have
varied substantially. However, the patients who underwent
ACI and several of those who underwent microfracture were
participants in previous randomized trials, reducing the risk
of selection bias. Patients who underwent cartilage surgery
might have had more symptomatic lesions than those who
did not. There also may have been unknown confounding
factors (e.g., genetic disposition) that influenced the risk of
knee arthroplasty

10
.

Risk of Arthroplasty
Apold et al. identified increased BMI and heavy labor as
risk factors for knee arthroplasty in the Norwegian general
population

9
. In the present study, being overweight at the

time of follow-up was associated with an increased risk of
knee arthroplasty.

Several long-term clinical trials have investigated knee
arthroplasty after cartilage surgery

12,33,34
. Ogura et al. reported a

20% rate of knee arthroplasty in a 20-year follow-up of first-
generation ACI, which is in line with our results

12
. Gobbi et al.

presented the 15-year results for focal cartilage lesions that
had been treated with microfracture in an athletic patient
cohort

13
. Those authors reported progression of osteoar-

thritis in 40% of the knees, with an 11% rate of failure
(defined as subsequent surgery by the time of the latest
follow-up); however, they did not report whether any of the
subsequent procedures were knee arthroplasties. Older age
at the time of cartilage surgery and large or multiple lesions
were found to be the main risk factors for osteoarthritis.
Possible explanations for the high rate of knee arthroplasty
in our study may have been our somewhat older patient
cohort (mean, 36.8 versus 31.4 years) as well as the 5-year-
longer follow-up as compared with the study by Gobbi et al.
Differences in the frequency of knee arthroplasty at a pop-
ulation level between regions, as demonstrated by Ackerman
et al.

35
, also might have contributed to the difference in the

rate of knee arthroplasty.
Abram et al., in a study of almost 158,000 patients

who had undergone previous chondroplasty in U.K. National
Health Service (NHS) hospitals, found an increased risk of

knee arthroplasty compared with that in the general British
population

14
. The overall risk of knee arthroplasty within

8 years was 17.6%. Both sex and age were identified as risk
factors for later knee arthroplasty. Abram et al. provided no
information on BMI but found that an increased Charlson
Comorbidity Index increased the risk of knee arthroplasty.
The cohort in that study (mean age, 51.7 years) was older than
our cohort. This is most likely the explanation why the 8-year
risk of knee arthroplasty in the U.K. chondroplasty cohort
approximated the 20-year risk in our study.

Both ACL injury and meniscal lesions are known to in-
crease the risk of osteoarthritis and subsequent TKA

8,36-40
. In the

present cartilage cohort, neither meniscal resection nor ACL
surgery was associatedwith an increased risk of knee arthroplasty.
A possible explanation could be that the cartilage lesion increases
the risk of knee arthroplasty substantially more than ACL and
meniscal injury do, thereby limiting the functional impact of the
latter. Visnes et al. found a 3-times increased risk of knee
arthroplasty in 30 to 39-year-old patients and a doubled risk in
40 to 49-year-old patients after ACL surgery compared with the
general population

41
. In our cartilage cohort, the corresponding

values were a 416-times increased risk and a 49-times increased
risk, respectively. However, we do not have any information
regarding nonoperative ACL treatment. Another possibility is
that the surgeons might have misclassified arthritic lesions
as focal cartilage lesions. We found that the oldest patients
in our cartilage cohort had a tendency toward a decreased
risk of subsequent knee arthroplasty (although this finding
was not significant). This finding might be indicative that
patients with arthritic lesions were excluded even in the older
patient group.

In the present study, we found that treatment of the cartilage
lesion with ACI increased the risk of subsequent knee arthroplasty
by 3.4 times as compared with no treatment. To reduce the risk of
including asymptomatic lesions in the nonoperatively treated
group, we performed a subanalysis of the patients without
any concomitant procedures at the time of the index pro-
cedure. The subanalysis revealed no significant difference
between the treatment groups, suggesting that our finding
of increased risk following ACI could have been due to
confounding factors. Vasiliadis and Wasiak, in a Cochrane
review, found that there is insufficient evidence of the
superiority of ACI compared with other cartilage treat-
ments

42
. In recent years, high-volume orthopaedic proce-

dures such as meniscal surgery in middle-aged patients
have been shown not to be superior to sham surgery or
nonoperative treatment

43,44
. Consequently, we suggest that

future clinical trials on the treatment of focal cartilage
lesions in the knee should include a control group that is
treated nonoperatively or with sham surgery

45
.

Conclusions
In this study, the 20-year cumulative risk of knee arthroplasty
after focal cartilage lesion in the knee was 19%. We found an up
to 416-times increased risk of knee arthroplasty in patients with a
focal cartilage lesion as compared with the general population.
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medicalrecordsregardinglaterkneesurgery.Therewerefew
kneearthroplastiesintheyoungeragegroups,whichcould
haveintroducedbias.

TheNARdoesnotincludeanydetailsonBMI,andthus
patientsundergoingkneearthroplastyinthegeneralpopula-
tioncouldhaveasignificantlydifferentBMIthanthoseinour
cohort.However,in2020,themeanBMIvaluesforNorwegian
menandwomenwere26.5and25.6kg/m2,respectively,witha
BMIvalueof>30kg/m2reportedfor59%and47%ofmen
andwomen,respectively

32
.ThesefindingssuggestthattheBMI

forourcartilagecohortwascomparablewiththatthegeneral
Norwegianpopulation.ThreedifferentPROMswereused
preoperatively,andnopatienthad>1preoperativePROM,
limitingtheabilitytoadjustonthebasisofPROMdatainthe
Coxmodel.

Thepresentstudywasnotarandomizedtrial,andthe
indicationsforthedifferentcartilagetreatmentsmighthave
variedsubstantially.However,thepatientswhounderwent
ACIandseveralofthosewhounderwentmicrofracturewere
participantsinpreviousrandomizedtrials,reducingtherisk
ofselectionbias.Patientswhounderwentcartilagesurgery
mighthavehadmoresymptomaticlesionsthanthosewho
didnot.Therealsomayhavebeenunknownconfounding
factors(e.g.,geneticdisposition)thatinfluencedtheriskof
kneearthroplasty

10
.

RiskofArthroplasty
Apoldetal.identifiedincreasedBMIandheavylaboras
riskfactorsforkneearthroplastyintheNorwegiangeneral
population

9
.Inthepresentstudy,beingoverweightatthe

timeoffollow-upwasassociatedwithanincreasedriskof
kneearthroplasty.

Severallong-termclinicaltrialshaveinvestigatedknee
arthroplastyaftercartilagesurgery

12,33,34
.Oguraetal.reporteda

20%rateofkneearthroplastyina20-yearfollow-upoffirst-
generationACI,whichisinlinewithourresults

12
.Gobbietal.

presentedthe15-yearresultsforfocalcartilagelesionsthat
hadbeentreatedwithmicrofractureinanathleticpatient
cohort

13
.Thoseauthorsreportedprogressionofosteoar-

thritisin40%oftheknees,withan11%rateoffailure
(definedassubsequentsurgerybythetimeofthelatest
follow-up);however,theydidnotreportwhetheranyofthe
subsequentprocedureswerekneearthroplasties.Olderage
atthetimeofcartilagesurgeryandlargeormultiplelesions
werefoundtobethemainriskfactorsforosteoarthritis.
Possibleexplanationsforthehighrateofkneearthroplasty
inourstudymayhavebeenoursomewhatolderpatient
cohort(mean,36.8versus31.4years)aswellasthe5-year-
longerfollow-upascomparedwiththestudybyGobbietal.
Differencesinthefrequencyofkneearthroplastyatapop-
ulationlevelbetweenregions,asdemonstratedbyAckerman
etal.

35
,alsomighthavecontributedtothedifferenceinthe

rateofkneearthroplasty.
Abrametal.,inastudyofalmost158,000patients

whohadundergonepreviouschondroplastyinU.K.National
HealthService(NHS)hospitals,foundanincreasedriskof

kneearthroplastycomparedwiththatinthegeneralBritish
population

14
.Theoverallriskofkneearthroplastywithin

8yearswas17.6%.Bothsexandagewereidentifiedasrisk
factorsforlaterkneearthroplasty.Abrametal.providedno
informationonBMIbutfoundthatanincreasedCharlson
ComorbidityIndexincreasedtheriskofkneearthroplasty.
Thecohortinthatstudy(meanage,51.7years)wasolderthan
ourcohort.Thisismostlikelytheexplanationwhythe8-year
riskofkneearthroplastyintheU.K.chondroplastycohort
approximatedthe20-yearriskinourstudy.

BothACLinjuryandmeniscallesionsareknowntoin-
creasetheriskofosteoarthritisandsubsequentTKA

8,36-40
.Inthe

presentcartilagecohort,neithermeniscalresectionnorACL
surgerywasassociatedwithanincreasedriskofkneearthroplasty.
Apossibleexplanationcouldbethatthecartilagelesionincreases
theriskofkneearthroplastysubstantiallymorethanACLand
meniscalinjurydo,therebylimitingthefunctionalimpactofthe
latter.Visnesetal.founda3-timesincreasedriskofknee
arthroplastyin30to39-year-oldpatientsandadoubledriskin
40to49-year-oldpatientsafterACLsurgerycomparedwiththe
generalpopulation

41
.Inourcartilagecohort,thecorresponding

valueswerea416-timesincreasedriskanda49-timesincreased
risk,respectively.However,wedonothaveanyinformation
regardingnonoperativeACLtreatment.Anotherpossibilityis
thatthesurgeonsmighthavemisclassifiedarthriticlesions
asfocalcartilagelesions.Wefoundthattheoldestpatients
inourcartilagecohorthadatendencytowardadecreased
riskofsubsequentkneearthroplasty(althoughthisfinding
wasnotsignificant).Thisfindingmightbeindicativethat
patientswitharthriticlesionswereexcludedevenintheolder
patientgroup.

Inthepresentstudy,wefoundthattreatmentofthecartilage
lesionwithACIincreasedtheriskofsubsequentkneearthroplasty
by3.4timesascomparedwithnotreatment.Toreducetheriskof
includingasymptomaticlesionsinthenonoperativelytreated
group,weperformedasubanalysisofthepatientswithout
anyconcomitantproceduresatthetimeoftheindexpro-
cedure.Thesubanalysisrevealednosignificantdifference
betweenthetreatmentgroups,suggestingthatourfinding
ofincreasedriskfollowingACIcouldhavebeendueto
confoundingfactors.VasiliadisandWasiak,inaCochrane
review,foundthatthereisinsufficientevidenceofthe
superiorityofACIcomparedwithothercartilagetreat-
ments

42
.Inrecentyears,high-volumeorthopaedicproce-

duressuchasmeniscalsurgeryinmiddle-agedpatients
havebeenshownnottobesuperiortoshamsurgeryor
nonoperativetreatment

43,44
.Consequently,wesuggestthat

futureclinicaltrialsonthetreatmentoffocalcartilage
lesionsinthekneeshouldincludeacontrolgroupthatis
treatednonoperativelyorwithshamsurgery

45
.

Conclusions
Inthisstudy,the20-yearcumulativeriskofkneearthroplasty
afterfocalcartilagelesioninthekneewas19%.Wefoundanup
to416-timesincreasedriskofkneearthroplastyinpatientswitha
focalcartilagelesionascomparedwiththegeneralpopulation.
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medicalrecordsregardinglaterkneesurgery.Therewerefew
kneearthroplastiesintheyoungeragegroups,whichcould
haveintroducedbias.

TheNARdoesnotincludeanydetailsonBMI,andthus
patientsundergoingkneearthroplastyinthegeneralpopula-
tioncouldhaveasignificantlydifferentBMIthanthoseinour
cohort.However,in2020,themeanBMIvaluesforNorwegian
menandwomenwere26.5and25.6kg/m2,respectively,witha
BMIvalueof>30kg/m2reportedfor59%and47%ofmen
andwomen,respectively

32
.ThesefindingssuggestthattheBMI

forourcartilagecohortwascomparablewiththatthegeneral
Norwegianpopulation.ThreedifferentPROMswereused
preoperatively,andnopatienthad>1preoperativePROM,
limitingtheabilitytoadjustonthebasisofPROMdatainthe
Coxmodel.

Thepresentstudywasnotarandomizedtrial,andthe
indicationsforthedifferentcartilagetreatmentsmighthave
variedsubstantially.However,thepatientswhounderwent
ACIandseveralofthosewhounderwentmicrofracturewere
participantsinpreviousrandomizedtrials,reducingtherisk
ofselectionbias.Patientswhounderwentcartilagesurgery
mighthavehadmoresymptomaticlesionsthanthosewho
didnot.Therealsomayhavebeenunknownconfounding
factors(e.g.,geneticdisposition)thatinfluencedtheriskof
kneearthroplasty

10
.

RiskofArthroplasty
Apoldetal.identifiedincreasedBMIandheavylaboras
riskfactorsforkneearthroplastyintheNorwegiangeneral
population

9
.Inthepresentstudy,beingoverweightatthe

timeoffollow-upwasassociatedwithanincreasedriskof
kneearthroplasty.

Severallong-termclinicaltrialshaveinvestigatedknee
arthroplastyaftercartilagesurgery

12,33,34
.Oguraetal.reporteda

20%rateofkneearthroplastyina20-yearfollow-upoffirst-
generationACI,whichisinlinewithourresults

12
.Gobbietal.

presentedthe15-yearresultsforfocalcartilagelesionsthat
hadbeentreatedwithmicrofractureinanathleticpatient
cohort

13
.Thoseauthorsreportedprogressionofosteoar-

thritisin40%oftheknees,withan11%rateoffailure
(definedassubsequentsurgerybythetimeofthelatest
follow-up);however,theydidnotreportwhetheranyofthe
subsequentprocedureswerekneearthroplasties.Olderage
atthetimeofcartilagesurgeryandlargeormultiplelesions
werefoundtobethemainriskfactorsforosteoarthritis.
Possibleexplanationsforthehighrateofkneearthroplasty
inourstudymayhavebeenoursomewhatolderpatient
cohort(mean,36.8versus31.4years)aswellasthe5-year-
longerfollow-upascomparedwiththestudybyGobbietal.
Differencesinthefrequencyofkneearthroplastyatapop-
ulationlevelbetweenregions,asdemonstratedbyAckerman
etal.

35
,alsomighthavecontributedtothedifferenceinthe

rateofkneearthroplasty.
Abrametal.,inastudyofalmost158,000patients

whohadundergonepreviouschondroplastyinU.K.National
HealthService(NHS)hospitals,foundanincreasedriskof

kneearthroplastycomparedwiththatinthegeneralBritish
population

14
.Theoverallriskofkneearthroplastywithin

8yearswas17.6%.Bothsexandagewereidentifiedasrisk
factorsforlaterkneearthroplasty.Abrametal.providedno
informationonBMIbutfoundthatanincreasedCharlson
ComorbidityIndexincreasedtheriskofkneearthroplasty.
Thecohortinthatstudy(meanage,51.7years)wasolderthan
ourcohort.Thisismostlikelytheexplanationwhythe8-year
riskofkneearthroplastyintheU.K.chondroplastycohort
approximatedthe20-yearriskinourstudy.

BothACLinjuryandmeniscallesionsareknowntoin-
creasetheriskofosteoarthritisandsubsequentTKA

8,36-40
.Inthe

presentcartilagecohort,neithermeniscalresectionnorACL
surgerywasassociatedwithanincreasedriskofkneearthroplasty.
Apossibleexplanationcouldbethatthecartilagelesionincreases
theriskofkneearthroplastysubstantiallymorethanACLand
meniscalinjurydo,therebylimitingthefunctionalimpactofthe
latter.Visnesetal.founda3-timesincreasedriskofknee
arthroplastyin30to39-year-oldpatientsandadoubledriskin
40to49-year-oldpatientsafterACLsurgerycomparedwiththe
generalpopulation

41
.Inourcartilagecohort,thecorresponding

valueswerea416-timesincreasedriskanda49-timesincreased
risk,respectively.However,wedonothaveanyinformation
regardingnonoperativeACLtreatment.Anotherpossibilityis
thatthesurgeonsmighthavemisclassifiedarthriticlesions
asfocalcartilagelesions.Wefoundthattheoldestpatients
inourcartilagecohorthadatendencytowardadecreased
riskofsubsequentkneearthroplasty(althoughthisfinding
wasnotsignificant).Thisfindingmightbeindicativethat
patientswitharthriticlesionswereexcludedevenintheolder
patientgroup.

Inthepresentstudy,wefoundthattreatmentofthecartilage
lesionwithACIincreasedtheriskofsubsequentkneearthroplasty
by3.4timesascomparedwithnotreatment.Toreducetheriskof
includingasymptomaticlesionsinthenonoperativelytreated
group,weperformedasubanalysisofthepatientswithout
anyconcomitantproceduresatthetimeoftheindexpro-
cedure.Thesubanalysisrevealednosignificantdifference
betweenthetreatmentgroups,suggestingthatourfinding
ofincreasedriskfollowingACIcouldhavebeendueto
confoundingfactors.VasiliadisandWasiak,inaCochrane
review,foundthatthereisinsufficientevidenceofthe
superiorityofACIcomparedwithothercartilagetreat-
ments

42
.Inrecentyears,high-volumeorthopaedicproce-

duressuchasmeniscalsurgeryinmiddle-agedpatients
havebeenshownnottobesuperiortoshamsurgeryor
nonoperativetreatment

43,44
.Consequently,wesuggestthat

futureclinicaltrialsonthetreatmentoffocalcartilage
lesionsinthekneeshouldincludeacontrolgroupthatis
treatednonoperativelyorwithshamsurgery

45
.

Conclusions
Inthisstudy,the20-yearcumulativeriskofkneearthroplasty
afterfocalcartilagelesioninthekneewas19%.Wefoundanup
to416-timesincreasedriskofkneearthroplastyinpatientswitha
focalcartilagelesionascomparedwiththegeneralpopulation.
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medicalrecordsregardinglaterkneesurgery.Therewerefew
kneearthroplastiesintheyoungeragegroups,whichcould
haveintroducedbias.

TheNARdoesnotincludeanydetailsonBMI,andthus
patientsundergoingkneearthroplastyinthegeneralpopula-
tioncouldhaveasignificantlydifferentBMIthanthoseinour
cohort.However,in2020,themeanBMIvaluesforNorwegian
menandwomenwere26.5and25.6kg/m2,respectively,witha
BMIvalueof>30kg/m2reportedfor59%and47%ofmen
andwomen,respectively

32
.ThesefindingssuggestthattheBMI

forourcartilagecohortwascomparablewiththatthegeneral
Norwegianpopulation.ThreedifferentPROMswereused
preoperatively,andnopatienthad>1preoperativePROM,
limitingtheabilitytoadjustonthebasisofPROMdatainthe
Coxmodel.

Thepresentstudywasnotarandomizedtrial,andthe
indicationsforthedifferentcartilagetreatmentsmighthave
variedsubstantially.However,thepatientswhounderwent
ACIandseveralofthosewhounderwentmicrofracturewere
participantsinpreviousrandomizedtrials,reducingtherisk
ofselectionbias.Patientswhounderwentcartilagesurgery
mighthavehadmoresymptomaticlesionsthanthosewho
didnot.Therealsomayhavebeenunknownconfounding
factors(e.g.,geneticdisposition)thatinfluencedtheriskof
kneearthroplasty

10
.

RiskofArthroplasty
Apoldetal.identifiedincreasedBMIandheavylaboras
riskfactorsforkneearthroplastyintheNorwegiangeneral
population

9
.Inthepresentstudy,beingoverweightatthe

timeoffollow-upwasassociatedwithanincreasedriskof
kneearthroplasty.

Severallong-termclinicaltrialshaveinvestigatedknee
arthroplastyaftercartilagesurgery

12,33,34
.Oguraetal.reporteda

20%rateofkneearthroplastyina20-yearfollow-upoffirst-
generationACI,whichisinlinewithourresults

12
.Gobbietal.

presentedthe15-yearresultsforfocalcartilagelesionsthat
hadbeentreatedwithmicrofractureinanathleticpatient
cohort

13
.Thoseauthorsreportedprogressionofosteoar-

thritisin40%oftheknees,withan11%rateoffailure
(definedassubsequentsurgerybythetimeofthelatest
follow-up);however,theydidnotreportwhetheranyofthe
subsequentprocedureswerekneearthroplasties.Olderage
atthetimeofcartilagesurgeryandlargeormultiplelesions
werefoundtobethemainriskfactorsforosteoarthritis.
Possibleexplanationsforthehighrateofkneearthroplasty
inourstudymayhavebeenoursomewhatolderpatient
cohort(mean,36.8versus31.4years)aswellasthe5-year-
longerfollow-upascomparedwiththestudybyGobbietal.
Differencesinthefrequencyofkneearthroplastyatapop-
ulationlevelbetweenregions,asdemonstratedbyAckerman
etal.

35
,alsomighthavecontributedtothedifferenceinthe

rateofkneearthroplasty.
Abrametal.,inastudyofalmost158,000patients

whohadundergonepreviouschondroplastyinU.K.National
HealthService(NHS)hospitals,foundanincreasedriskof

kneearthroplastycomparedwiththatinthegeneralBritish
population

14
.Theoverallriskofkneearthroplastywithin

8yearswas17.6%.Bothsexandagewereidentifiedasrisk
factorsforlaterkneearthroplasty.Abrametal.providedno
informationonBMIbutfoundthatanincreasedCharlson
ComorbidityIndexincreasedtheriskofkneearthroplasty.
Thecohortinthatstudy(meanage,51.7years)wasolderthan
ourcohort.Thisismostlikelytheexplanationwhythe8-year
riskofkneearthroplastyintheU.K.chondroplastycohort
approximatedthe20-yearriskinourstudy.

BothACLinjuryandmeniscallesionsareknowntoin-
creasetheriskofosteoarthritisandsubsequentTKA

8,36-40
.Inthe

presentcartilagecohort,neithermeniscalresectionnorACL
surgerywasassociatedwithanincreasedriskofkneearthroplasty.
Apossibleexplanationcouldbethatthecartilagelesionincreases
theriskofkneearthroplastysubstantiallymorethanACLand
meniscalinjurydo,therebylimitingthefunctionalimpactofthe
latter.Visnesetal.founda3-timesincreasedriskofknee
arthroplastyin30to39-year-oldpatientsandadoubledriskin
40to49-year-oldpatientsafterACLsurgerycomparedwiththe
generalpopulation

41
.Inourcartilagecohort,thecorresponding

valueswerea416-timesincreasedriskanda49-timesincreased
risk,respectively.However,wedonothaveanyinformation
regardingnonoperativeACLtreatment.Anotherpossibilityis
thatthesurgeonsmighthavemisclassifiedarthriticlesions
asfocalcartilagelesions.Wefoundthattheoldestpatients
inourcartilagecohorthadatendencytowardadecreased
riskofsubsequentkneearthroplasty(althoughthisfinding
wasnotsignificant).Thisfindingmightbeindicativethat
patientswitharthriticlesionswereexcludedevenintheolder
patientgroup.

Inthepresentstudy,wefoundthattreatmentofthecartilage
lesionwithACIincreasedtheriskofsubsequentkneearthroplasty
by3.4timesascomparedwithnotreatment.Toreducetheriskof
includingasymptomaticlesionsinthenonoperativelytreated
group,weperformedasubanalysisofthepatientswithout
anyconcomitantproceduresatthetimeoftheindexpro-
cedure.Thesubanalysisrevealednosignificantdifference
betweenthetreatmentgroups,suggestingthatourfinding
ofincreasedriskfollowingACIcouldhavebeendueto
confoundingfactors.VasiliadisandWasiak,inaCochrane
review,foundthatthereisinsufficientevidenceofthe
superiorityofACIcomparedwithothercartilagetreat-
ments

42
.Inrecentyears,high-volumeorthopaedicproce-

duressuchasmeniscalsurgeryinmiddle-agedpatients
havebeenshownnottobesuperiortoshamsurgeryor
nonoperativetreatment

43,44
.Consequently,wesuggestthat

futureclinicaltrialsonthetreatmentoffocalcartilage
lesionsinthekneeshouldincludeacontrolgroupthatis
treatednonoperativelyorwithshamsurgery

45
.

Conclusions
Inthisstudy,the20-yearcumulativeriskofkneearthroplasty
afterfocalcartilagelesioninthekneewas19%.Wefoundanup
to416-timesincreasedriskofkneearthroplastyinpatientswitha
focalcartilagelesionascomparedwiththegeneralpopulation.
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medicalrecordsregardinglaterkneesurgery.Therewerefew
kneearthroplastiesintheyoungeragegroups,whichcould
haveintroducedbias.

TheNARdoesnotincludeanydetailsonBMI,andthus
patientsundergoingkneearthroplastyinthegeneralpopula-
tioncouldhaveasignificantlydifferentBMIthanthoseinour
cohort.However,in2020,themeanBMIvaluesforNorwegian
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BMIvalueof>30kg/m2reportedfor59%and47%ofmen
andwomen,respectively

32
.ThesefindingssuggestthattheBMI
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Coxmodel.
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didnot.Therealsomayhavebeenunknownconfounding
factors(e.g.,geneticdisposition)thatinfluencedtheriskof
kneearthroplasty

10
.

RiskofArthroplasty
Apoldetal.identifiedincreasedBMIandheavylaboras
riskfactorsforkneearthroplastyintheNorwegiangeneral
population
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.Inthepresentstudy,beingoverweightatthe

timeoffollow-upwasassociatedwithanincreasedriskof
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follow-up);however,theydidnotreportwhetheranyofthe
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cohort(mean,36.8versus31.4years)aswellasthe5-year-
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Differencesinthefrequencyofkneearthroplastyatapop-
ulationlevelbetweenregions,asdemonstratedbyAckerman
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.Theoverallriskofkneearthroplastywithin
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factorsforlaterkneearthroplasty.Abrametal.providedno
informationonBMIbutfoundthatanincreasedCharlson
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Thecohortinthatstudy(meanage,51.7years)wasolderthan
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approximatedthe20-yearriskinourstudy.
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40to49-year-oldpatientsafterACLsurgerycomparedwiththe
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41
.Inourcartilagecohort,thecorresponding

valueswerea416-timesincreasedriskanda49-timesincreased
risk,respectively.However,wedonothaveanyinformation
regardingnonoperativeACLtreatment.Anotherpossibilityis
thatthesurgeonsmighthavemisclassifiedarthriticlesions
asfocalcartilagelesions.Wefoundthattheoldestpatients
inourcartilagecohorthadatendencytowardadecreased
riskofsubsequentkneearthroplasty(althoughthisfinding
wasnotsignificant).Thisfindingmightbeindicativethat
patientswitharthriticlesionswereexcludedevenintheolder
patientgroup.

Inthepresentstudy,wefoundthattreatmentofthecartilage
lesionwithACIincreasedtheriskofsubsequentkneearthroplasty
by3.4timesascomparedwithnotreatment.Toreducetheriskof
includingasymptomaticlesionsinthenonoperativelytreated
group,weperformedasubanalysisofthepatientswithout
anyconcomitantproceduresatthetimeoftheindexpro-
cedure.Thesubanalysisrevealednosignificantdifference
betweenthetreatmentgroups,suggestingthatourfinding
ofincreasedriskfollowingACIcouldhavebeendueto
confoundingfactors.VasiliadisandWasiak,inaCochrane
review,foundthatthereisinsufficientevidenceofthe
superiorityofACIcomparedwithothercartilagetreat-
ments

42
.Inrecentyears,high-volumeorthopaedicproce-

duressuchasmeniscalsurgeryinmiddle-agedpatients
havebeenshownnottobesuperiortoshamsurgeryor
nonoperativetreatment

43,44
.Consequently,wesuggestthat

futureclinicaltrialsonthetreatmentoffocalcartilage
lesionsinthekneeshouldincludeacontrolgroupthatis
treatednonoperativelyorwithshamsurgery

45
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Conclusions
Inthisstudy,the20-yearcumulativeriskofkneearthroplasty
afterfocalcartilagelesioninthekneewas19%.Wefoundanup
to416-timesincreasedriskofkneearthroplastyinpatientswitha
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Deep lesions, older age at the time of cartilage surgery, high BMI
at the time of follow-up, ACI, and >1 cartilage lesion were asso-
ciatedwith a higher risk of knee arthroplasty. Surgical treatment of
cartilage lesions does not seem to decrease the risk of subsequent
knee arthroplasty compared with no surgical cartilage treat-
ment. Our findings should be viewed as hypothesis-generating
and support the need for prospective randomized clinical trials
including a sham surgery arm.
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Deeplesions,olderageatthetimeofcartilagesurgery,highBMI
atthetimeoffollow-up,ACI,and>1cartilagelesionwereasso-
ciatedwithahigherriskofkneearthroplasty.Surgicaltreatmentof
cartilagelesionsdoesnotseemtodecreasetheriskofsubsequent
kneearthroplastycomparedwithnosurgicalcartilagetreat-
ment.Ourfindingsshouldbeviewedashypothesis-generating
andsupporttheneedforprospectiverandomizedclinicaltrials
includingashamsurgeryarm.
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Deeplesions,olderageatthetimeofcartilagesurgery,highBMI
atthetimeoffollow-up,ACI,and>1cartilagelesionwereasso-
ciatedwithahigherriskofkneearthroplasty.Surgicaltreatmentof
cartilagelesionsdoesnotseemtodecreasetheriskofsubsequent
kneearthroplastycomparedwithnosurgicalcartilagetreat-
ment.Ourfindingsshouldbeviewedashypothesis-generating
andsupporttheneedforprospectiverandomizedclinicaltrials
includingashamsurgeryarm.
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Deep lesions, older age at the time of cartilage surgery, high BMI
at the time of follow-up, ACI, and >1 cartilage lesion were asso-
ciatedwith a higher risk of knee arthroplasty. Surgical treatment of
cartilage lesions does not seem to decrease the risk of subsequent
knee arthroplasty compared with no surgical cartilage treat-
ment. Our findings should be viewed as hypothesis-generating
and support the need for prospective randomized clinical trials
including a sham surgery arm.
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Deep lesions, older age at the time of cartilage surgery, high BMI
at the time of follow-up, ACI, and >1 cartilage lesion were asso-
ciatedwith a higher risk of knee arthroplasty. Surgical treatment of
cartilage lesions does not seem to decrease the risk of subsequent
knee arthroplasty compared with no surgical cartilage treat-
ment. Our findings should be viewed as hypothesis-generating
and support the need for prospective randomized clinical trials
including a sham surgery arm.
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Deeplesions,olderageatthetimeofcartilagesurgery,highBMI
atthetimeoffollow-up,ACI,and>1cartilagelesionwereasso-
ciatedwithahigherriskofkneearthroplasty.Surgicaltreatmentof
cartilagelesionsdoesnotseemtodecreasetheriskofsubsequent
kneearthroplastycomparedwithnosurgicalcartilagetreat-
ment.Ourfindingsshouldbeviewedashypothesis-generating
andsupporttheneedforprospectiverandomizedclinicaltrials
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etal.Geneticfactorscontributemoretohipthankneesurgeryduetoosteoarthritis
-apopulation-basedtwinregistrystudyofjointarthroplasty.OsteoarthritisCartilage.
2017;25(6):878-84.
11.PareekA,ReardonPJ,MaakTG,LevyBA,StuartMJ,KrychAJ.Long-termOut-
comesAfterOsteochondralAutograftTransfer:ASystematicReviewatMeanFollow-
upof10.2Years.Arthroscopy.2016Jun;32(6):1174-84.

12.OguraT,MosierBA,BryantT,MinasT.A20-YearFollow-upAfterFirst-
GenerationAutologousChondrocyteImplantation.AmJSportsMed.2017Oct;
45(12):2751-61.
13.GobbiA,KarnatzikosG,KumarA.Long-termresultsaftermicrofracturetreat-
mentforfull-thicknesskneechondrallesionsinathletes.KneeSurgSportsTrau-
matolArthrosc.2014Sep;22(9):1986-96.
14.AbramSGF,PalmerAJR,JudgeA,BeardDJ,PriceAJ.Ratesofkneearthroplasty
inpatientswithahistoryofarthroscopicchondroplasty:resultsfromaretrospective
cohortstudyutilisingtheNationalHospitalEpisodeStatisticsforEngland.BMJ
Open.2020Apr16;10(4):e030609.
15.KnutsenG,EngebretsenL,LudvigsenTC,DrogsetJO,GrøntvedtT,SolheimE,
StrandT,RobertsS,IsaksenV,JohansenO.Autologouschondrocyteimplantation
comparedwithmicrofractureintheknee.Arandomizedtrial.JBoneJointSurgAm.
2004Mar;86(3):455-64.
16.ArøenA,LøkenS,HeirS,AlvikE,EkelandA,GranlundOG,EngebretsenL.
Articularcartilagelesionsin993consecutivekneearthroscopies.AmJSportsMed.
2004Jan-Feb;32(1):211-5.
17.SolheimE,ØyenJ,HegnaJ,AustgulenOK,HarlemT,StrandT.Microfracture
treatmentofsingleormultiplearticularcartilagedefectsoftheknee:a5-year
medianfollow-upof110patients.KneeSurgSportsTraumatolArthrosc.2010Apr;
18(4):504-8.
18.SolheimE,HegnaJ,OyenJ,AustgulenOK,HarlemT,StrandT.Osteochondral
autografting(mosaicplasty)inarticularcartilagedefectsintheknee:resultsat5to9
years.Knee.2010Jan;17(1):84-7.
19.RoosEM,LohmanderLS.TheKneeinjuryandOsteoarthritisOutcomeScore
(KOOS):fromjointinjurytoosteoarthritis.HealthQualLifeOutcomes.2003Nov3;1:64.
20.LysholmJ,GillquistJ.Evaluationofkneeligamentsurgeryresultswithspecial
emphasisonuseofascoringscale.AmJSportsMed.1982May-Jun;10(3):150-4.
21.InternationalCartilageRepairSociety.Thecartilagestandardevaluationform/
knee.ICRSNewsletter,spring1998.
22.TheNorwegianNationalAdvisoryUnit.NorwegianNationalAdvisoryUniton
ArthroplastyandHipFractures.2020.Accessed2023Mar27.http://nrlweb.ihelse.
net/eng/Rapporter/Report2020_english.pdf

960

THEJOURNALOFBONE&JOINTSURGERY
d
JBJS.ORG

VOLUME105-A
d
NUMBER12

d
JUNE21,2023

LONG-TERMRISKOFKNEEARTHROPLASTYINPATIENTSWITHFOCAL

CARTILAGELESIONS

D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.lw

w
.c

om
/jb

js
jo

ur
na

l b
y 

B
hD

M
f5

eP
H

K
av

1z
E

ou
m

1t
Q

fN
4a

+
kJ

Lh
E

Z
gb

sI
H

o4
X

M
i0

hC
yw

C
X

1A
W

nY
Q

p/
IlQ

rH
D

3i
3D

0O
dR

yi
7T

vS
F

l4
C

f3
V

C
1y

0a
bg

gQ
Z

X
dg

G
j2

M
w

lZ
Le

I=
 o

n 
06

/1
8/

20
24

Deeplesions,olderageatthetimeofcartilagesurgery,highBMI
atthetimeoffollow-up,ACI,and>1cartilagelesionwereasso-
ciatedwithahigherriskofkneearthroplasty.Surgicaltreatmentof
cartilagelesionsdoesnotseemtodecreasetheriskofsubsequent
kneearthroplastycomparedwithnosurgicalcartilagetreat-
ment.Ourfindingsshouldbeviewedashypothesis-generating
andsupporttheneedforprospectiverandomizedclinicaltrials
includingashamsurgeryarm.

Appendix
Supportingmaterialprovidedbytheauthorsisposted
withtheonlineversionofthisarticleasadatasupplement

atjbjs.org(http://links.lww.com/JBJS/H504).n

ThomasBirkenes,MD1,2,3

OveFurnes,MD,PhD1,2,4

SteinHaakonLaastadLygre,PhD4,5

EirikSolheim,MD,PhD1

AsbjornAaroen,MD,PhD6,7,8

GunnarKnutsen,MD,PhD9

JonOlavDrogset,MD,PhD10,11,12

StigHeir,MD,PhD13

LarsEngebretsen,MD,PhD6,8,14

SverreLoken,MD,PhD14

HaavardVisnes,MD,PhD8,12,15

1DepartmentofClinicalMedicine,UniversityofBergen,Bergen,Norway

2DepartmentofOrthopaedicSurgery,HaukelandUniversityHospital,
Bergen,Norway

3SportsTraumatologyandArthroscopyResearchGroup,Bergen,Norway

4NorwegianArthroplastyRegister,DepartmentofOrthopaedicSurgery,
HaukelandUniversityHospital,Bergen,Norway

5DepartmentofOccupationalMedicine,HaukelandUniversityHospital,
Bergen,Norway

6UniversityofOslo,Oslo,Norway

7AkershusUniversityHospital,Lorenskog,Norway

8OsloSportsTraumaResearchCenter,Oslo,Norway

9UniversityHospitalofNorthNorway,Tromsoe,Norway

10TrondheimUniversityHospital,Trondheim,Norway

11NorwegianUniversityofScienceandTechnology,Trondheim,Norway

12NorwegianKneeLigamentRegister,DepartmentofOrthopaedic
Surgery,HaukelandUniversityHospital,Bergen,Norway

13MartinaHansenHospital,Baerum,Norway

14OsloUniversityHospital,Oslo,Norway

15HospitalofSouthernNorway,Kristiansand,Norway

Emailforcorrespondingauthor:thbirkenes@hotmail.com

References

1.HjelleK,SolheimE,StrandT,MuriR,BrittbergM.Articularcartilagedefectsin
1,000kneearthroscopies.Arthroscopy.2002Sep;18(7):730-4.
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ment.Ourfindingsshouldbeviewedashypothesis-generating
andsupporttheneedforprospectiverandomizedclinicaltrials
includingashamsurgeryarm.
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31. Engen CN, Engebretsen L, Årøen A. Knee Cartilage Defect Patients Enrolled in
Randomized Controlled Trials Are Not Representative of Patients in Orthopedic
Practice. Cartilage. 2010 Oct;1(4):312-9.
32. Abel MH. Diet and self-reported weight and weight-change based on data from the
National Public Health Survey 2020. Norwegian Institute of Public Health.; 2021. https://
www.fhi.no/globalassets/dokumenterfiler/rapporter/2021/rapport-nhus-2020.pdf
33. Minas T, Von Keudell A, Bryant T, Gomoll AH. The John Insall Award: A minimum
10-year outcome study of autologous chondrocyte implantation. Clin Orthop Relat
Res. 2014 Jan;472(1):41-51.
34. Sanders TL, Pareek A, ObeyMR, Johnson NR, Carey JL, Stuart MJ, Krych AJ. High
Rate of Osteoarthritis After Osteochondritis Dissecans Fragment Excision Compared
With Surgical Restoration at a Mean 16-Year Follow-up. Am J Sports Med. 2017 Jul;
45(8):1799-805.
35. Ackerman IN, Bohensky MA, de Steiger R, Brand CA, Eskelinen A, Fenstad AM,
Furnes O, Garellick G, Graves SE, Haapakoski J, Havelin LI, Mäkelä K, Mehnert F,
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Kumm J, Sillanpää N, Kiekara T, Turkiewicz A, Toivonen P, Englund M, Taimela S,
Järvinen TLN; FIDELITY (Finnish Degenerative Meniscus Lesion Study) Investigators.
Arthroscopic partial meniscectomy for a degenerative meniscus tear: a 5 year follow-
up of the placebo-surgery controlled FIDELITY (Finnish Degenerative Meniscus
Lesion Study) trial. Br J Sports Med. 2020 Nov;54(22):1332-9.
44. Kise NJ, Risberg MA, Stensrud S, Ranstam J, Engebretsen L, Roos EM. Exercise
therapy versus arthroscopic partial meniscectomy for degenerative meniscal tear in
middle aged patients: randomised controlled trial with two year follow-up. BMJ. 2016
Jul 20;354:i3740.
45. Beard DJ, Campbell MK, Blazeby JM, Carr AJ, Weijer C, Cuthbertson BH,
Buchbinder R, Pinkney T, Bishop FL, Pugh J, Cousins S, Harris I, Lohmander LS,
Blencowe N, Gillies K, Probst P, Brennan C, Cook A, Farrar-Hockley D, Savulescu J,
Huxtable R, Rangan A, Tracey I, Brocklehurst P, Ferreira ML, Nicholl J, Reeves BC,
Hamdy F, Rowley SC, Lee N, Cook JA. Placebo comparator group selection and use in
surgical trials: the ASPIRE project including expert workshop. Health Technol
Assess. 2021 Sep;25(53):1-52.

961

THE JOURNAL OF BONE & JOINT SURGERY
d
J B J S .ORG

VOLUME 105-A
d
NUMBER 12

d
JUNE 21, 2023

LONG-TERM RISK OF KNEE ARTHROPLASTY IN PAT IENTS WITH FOCAL

CARTILAGE LES IONS

D
ow
nl
oa
de
d 
fr
om
 h
ttp
://
jo
ur
na
ls
.lw
w
.c
om
/jb
js
jo
ur
na
l b
y 
B
hD
M
f5
eP
H
K
av
1z
E
ou
m
1t
Q
fN
4a
+
kJ
Lh
E
Z
gb
sI
H
o4
X
M
i0
hC

yw
C
X
1A
W
nY
Q
p/
IlQ
rH
D
3i
3D
0O
dR
yi
7T
vS
F
l4
C
f3
V
C
1y
0a
bg
gQ
Z
X
dg
G
j2
M
w
lZ
Le
I=
 o
n 
06
/1
8/
20
24

23.FurnesO,EspehaugB,LieSA,VollsetSE,EngesaeterLB,HavelinLI.Early
failuresamong7,174primarytotalkneereplacements:afollow-upstudyfromthe
NorwegianArthroplastyRegister1994-2000.ActaOrthopScand.2002Apr;73(2):
117-29.
24.KaplanEL,MeierP.NonparametricEstimationfromIncompleteObservations.J
AmStatAssoc.1958;53(282):457-81.
25.WestreichD,GreenlandS.Thetable2fallacy:presentingandinterpreting
confounderandmodifiercoefficients.AmJEpidemiol.2013Feb15;177(4):292-8.
26.KnutsenG,DrogsetJO,EngebretsenL,GrøntvedtT,LudvigsenTC,LøkenS,
SolheimE,StrandT,JohansenO.ARandomizedMulticenterTrialComparing
AutologousChondrocyteImplantationwithMicrofracture:Long-TermFollow-upat14
to15Years.JBoneJointSurgAm.2016Aug17;98(16):1332-9.
27.SolheimE,HegnaJ,InderhaugE,ØyenJ,HarlemT,StrandT.Resultsat10-14
yearsaftermicrofracturetreatmentofarticularcartilagedefectsintheknee.Knee
SurgSportsTraumatolArthrosc.2016May;24(5):1587-93.
28.SolheimE,HegnaJ,ØyenJ,HarlemT,StrandT.Resultsat10to14yearsafter
osteochondralautografting(mosaicplasty)inarticularcartilagedefectsintheknee.
Knee.2013Aug;20(4):287-90.
29.ShelbourneKD,JariS,GrayT.Outcomeofuntreatedtraumaticarticularcarti-
lagedefectsoftheknee:anaturalhistorystudy.JBoneJointSurgAm.2003;85-
A(Suppl2):8-16.
30.WiduchowskiW,WiduchowskiJ,KoczyB,SzylukK.Untreatedasymptomatic
deepcartilagelesionsassociatedwithanteriorcruciateligamentinjury:resultsat
10-and15-yearfollow-up.AmJSportsMed.2009Apr;37(4):688-92.
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Table Supplement 1. Risk factors associated with knee arthroplasty (KA) after a cartilage injury 1999-2020. A focal cartilage lesion cohort without any concomitant 
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Long term results after arthroscopically verified focal cartilage 

lesion in the knee. A 20-year multicentre follow-up with 

patient reported outcome  

Birkenes T, Furnes O, Laastad Lygre SH, Solheim E, Aaroen A, Knutsen G, Drogset JO, Heir 
S, Engebretsen L, Løken S, and Visnes H. 

Abstract 

Introduction 
Focal cartilage lesions (FCL) are frequently found in knee arthroscopies and may impair 

quality of life (QoL) significantly. Several treatment options with good short-term results are 

available. The natural history without any treatment is largely unknown. The aim of this study 

was to evaluate the patient satisfaction, need of further cartilage surgery and the risk of 

treatment failure 20-years after a FCL in the knee. 

Methods 
Patients were identified in six major Norwegian hospitals undergoing any FCL-surgery 

between 1999-2012. Inclusion criteria: Arthroscopically classified FCL in the knee, Patient 

>18-years at surgery and any preoperative patient reported outcome (PROM). Exclusion 

criteria: Osteoarthritis or “kissing-lesions” at surgery. Demographic data, later knee-surgery 

and PROM were collected by questionnaire. Regression models were used to adjust for and 

evaluate the factors impacting the long-term PROM and risk-factors for treatment failure 

(knee arthroplasty, osteotomy or KOOS-QoL<50). 

Results 
322 patients(328 knees) of 553 eligible consented to participate. The mean follow-up was 

19.1 years and mean age at index FCL-surgery was 36.8(CI 35.6-38.0) years. The patients 

without knee arthroplasty(KA) or osteotomy, had significantly better mean PROM(Pain, 

Lysholm and KOOS) at final follow-up than preoperatively. At follow-up 17.7% of the knees 

had undergone subsequent cartilage surgery. Nearly 50% of the patients had treatment failure 

and the main risk factors were body mass index >25 with odds ratio 2.0(CI 1.1-3.6), >1 FCL 

OR 1.9(CI 1.1-3.3), full-thickness lesions OR 2.5(CI 1.3-5.0), and lower level of education 

OR 1.8(Cl 1.1-2.8). Autologous Chondrocyte Implantation(ACI) was associated with 
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significantly higher KOOS-QoL at 17.5(CI 3.2-31.7) points and a lower risk of treatment 

failure than no cartilage treatment, microfracture or mosaicplasty.  

Conclusion 
After a mean 20-years follow-up patients with FCL, without subsequent KA, had significantly 

higher PROM-score than preoperatively. Non-surgically treated FCLs had equal result 

compared to surgically-treated FCLs except ACI-treatment which was associated with better 

KOOS and lower risk of treatment failure. Full-thickness lesions, >1 FCL, lower level of 

education, increased BMI were the main risk factors predicting poorer results. 
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Background 
Focal cartilage lesions (FCL) are frequently found in patients undergoing knee arthroscopies.1, 

2 They may impair quality of life equivalent to end-stage osteoarthritis scheduled for knee 

arthroplasty (KA)3, 4. Due to avascularity, the joint hyaline cartilage, is unable to heal 

naturally 5. Several treatment options are available, but the optimal treatment is still 

unknown6, 7. In the 90’s and the first decade of 2000, several new cartilage treatment options 

became available8-10. Most patients with surgically treated lesions can now expect acceptable 

results, but few regain normal knee function6, 7, 11. Several clinical studies in cartilage 

treatment, have shown good/excellent short-term results, but there are concerns regarding the 

results in the long-term 7. Newer generations of cell-based treatments have had increasing 

popularity despite lack of evidence of their superiority12. Randomized control trials fail to 

represent the heterogenous group of patients with a FCL in an orthopaedic practice13. 

Cartilage registries might contribute to our knowledge, but currently only short-term results 

are available14.  The long-term natural history of a non-operative treated FCL is largely 

unknown15-18. 

The aim of the present study was to: 

- Evaluate the long-term patient reported outcome of arthroscopically verified FCL in 

the knee with Knee injury and Osteoarthritis Outcome Score(KOOS) Quality of 

Life(QoL) subscore. 

- Examine the need of subsequent cartilage surgery. 

- Identify risk factors for treatment failure after an FCL. 

- Compare long-term patient reported outcome and risk of treatment failure after 

different treatment options including non-operative treatment of FCL. 

 

Methods 
Patients with arthroscopically verified FCLs were identified in six major Norwegian Hospitals 

between 1999-2012(fig 1). These hospitals had a high volume of cartilage surgery and 

participated in several prospective cartilage studies during this period1, 19-21.  

The inclusion criteria in this study were: any arthroscopically verified and classified FCL in 

the knee and patient ≥18 years at the time of surgery. At least one preoperative patient 

reported outcome measure(PROM) had to be available. Exclusion criteria were cartilage 
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lesions assessed as gonarthrosis or “kissing-lesions” at the time of operation. Each patient 

(n=553,Figure 1) received a questionnaire regarding their current height, weight, level of 

education, current knee function and additional knee surgery. In addition, the participants 

were asked to complete the PROM used at the time of surgery as well as KOOS22. The PROM 

used preoperatively were KOOS22, Lysholm23 and International Cartilage Regeneration & 

Joint Preservation Society(ICRS) knee pain visual analogue scale (VAS)24. 

See Figure 1 Flowchart for inclusion details. 

Patients identified as eligible for participation in the present study were contacted by mail. 

Patients registered in the Norwegian Population Register as deceased or emigrated, were 

excluded. After informed consent were obtained, the participants’ trial data and/or surgical 

report were made available for the main investigator (TB). The following variables were 

retrieved: The characteristics (localisation, size (measured by a standard 4-mm probe) and 

ICRS classification25) of the FCL, type of surgical treatment, any additional procedures and 

preoperatively PROM. Nine knees in 8 patients meeting the exclusion criteria at index surgery 

were then identified and excluded. The final follow-up was performed between 6th of March 

and 31st of December 2020. 

Failure was defined as subsequent KA or osteotomy or KOOS-QoL <50 at final follow-up. 

KOOS QoL <50 is considered to be the Patients Acceptable Symptom State (PASS) after 

cartilage surgery26. The details of the arthroplasty group have been published previously27. 

Patients with KA or osteotomy were excluded in the analysis of PROM but included in the 

analysis of treatment failure.  

 

Statistics 

Multiple logistic regression models were used to identify risk factors for failure at final 

follow-up while multiple linear regression models were used to evaluate the factors 

influencing the KOOS-QoL score at final follow-up. A Graphical Causal Model 

(www.dagitty.net/dags.html) was used to identify variables to adjust for in the regression 

models as suggested by Westreich28. A subgroup, excluding patients with patellofemoral 

lesions was analysed with the same model. Time since cartilage surgery was calculated as the 

time between index cartilage surgery and the questionnaire follow-up in the KOOS analysis 

and the end of the study on December 31,2020 for the failure analysis.  Lysholm-score 
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preoperatively and ICRS VAS-pain preoperatively were only registered in 185 and 114 

patients respectively and there were no patients with more than one preoperative PROM, 

however all patients had KOOS score at follow-up.  

A paired sample t-test was used to evaluate the difference in PROM-score preoperative and at 

final follow-up. The data was analysed using SPSS Statistics 26(SPSS, Chicago, Illinois) and 

STATA 17(StataCorp,Texas).  

Power analysis: 

A pre-inclusion power analysis suggested that 64 patient in each group were needed to a 

detect a difference of 10±20 points of KOOS with a α-level of 0.05 and power-level of 0.8. 
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Results 
Out of the 553 patients identified, 516 were eligible and of those 322 patients (328 knees) 

consented to participate (65.1%)(Figure 1). The characteristics of these patients(responders) 

and their knees are summarized in table 1 and supplementary table 1. At baseline, there were 

no significant differences between the responders and non-responders apart from the 

responders being a mean of 3.0 years older(p=0.002). Most of the lesions were ICRS 3/4 

(84.1%) and the mean size was 2.0 (CI 1.8-2.2) cm2. The mean follow-up time was 19.1(CI 

18.8-19.5) years and the mean age at time of index surgery was 36.8 years. Fifty-nine 
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PROM at final follow-up. The mean KOOS sub-scores for all patients (n=256, 262 knees) 

with intact native knee at final follow-up is presented in Table1. The unadjusted KOOS-

sport/rec and QoL sub-scores at final follow-up by treatment group is presented in Figure 3 

and 4. In a multiple linear regression model(Table 3), higher level of education, Autologous-

Cartilage-Implantation(ACI) treatment,  higher preoperative Lysholm score, longer follow-up 

time and lesions of the lateral compartment were associated with increased KOOS-QoL, while 

>1 lesion and ICRS 3-4 lesions were associated with inferior results .  

Subsequent cartilage surgeries 

Forty-seven (17.7%) knees had undergone subsequent cartilage surgery after the index 

surgery as reported by the patients. The incidence of ≥1 subsequent cartilage surgery in the 

treatment groups were: No operative treatment 10.1%, debridement/microfracture 21.7%, ACI 

18.2%, mosaicplasty 26.2% and other treatment 17.9%. The differences between the 

treatment groups were not statistically significant as assessed by chi-square test (p=0.21, not 

shown in tables). Most of the patients did not provide sufficient details of the subsequent 

surgery to classify the treatment. 

Risk factors for treatment failure 

At final follow-up 162 knees (49.4%) were classified as failures (59 KA, 4 osteotomies and 

99 observations of KOOS QoL<50). The crude and adjusted multiple logistic regression 

model of failure is summarized in Table 4. Body Mass Index(BMI) 25-29 and BMI≥30 

increased the odds of failure at follow-up with an odds ratio of 2.0(Cl 1.1-3.6, p=0.016) and 

3.1(Cl 1.6-5.9, p=0.001) respectively. Lower level of education had an odds ratio of 1.8(Cl 

1.1-2.8, p=0.011) compared to patients with a bachelor/master-degree. More than one 

cartilage lesion increased the odds 1.9 times (Cl 1.1-3.3, p=0.035). The ICRS 3-4 lesions had 

2.5 times (Cl 1.3-5.0, p=0.009) higher odds of failure compared to ICRS 1-2 lesions. 

However, lesion size did not influence the odds of subsequent failure, nor did gender, age at 

time of cartilage surgery, duration of follow-up, Anterior-Cruciate-Ligament(ACL) 

reconstruction or meniscal resection or the preoperative PROM.  

PROM results and risk of treatment failure by cartilage treatment 

There was no significant difference in odds of treatment failure between the no surgical 

treatment group and the surgically treated FCLs except ACI treatment which were associated 

with decreased odds of treatment failure (OR 0.3) (Table 4).  Moreover, ACI was associated 

with significantly (p=0.017) higher mean KOOS-QoL than no surgical cartilage treatment 

(Table 3), but had an increased risk of KA27. Crude KOOS-QoL is presented in figure 4.  
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Strength and limitations 

The main strength of the present study is the high number FCLs in the knee evaluated 

arthroscopically in detail. Any concurrent knee injury as meniscal or ligamentous lesions were 

registered. Even though the exact alignment of the patients’ leg remains unknown, due to the 

lack of a standardized preoperative radiographic protocol, the included patients had <5o 

malalignment due to inclusion criteria in the previous clinical trials19-21. To our knowledge, 

this is the first study outside an ACL-cohort, comparing the PROM results in arthroscopically 

verified FCL treated with no operative cartilage treatment as well as surgically treated lesions.  

There are several limitations. One hundred and fifty of the patients had participated in studies 

with previously published long-term results 29-31. They thus might not represent the average 

patient with FCL13. The respond rate of 65% might introduce bias to the interpretation of the 

results. This is not an RCT and the differences in final PROM results should be interpreted 

with caution. The number of participants suggested by the power-analysis were not met in all 

sub-groups, increasing the risk of type-2 error. Several of the patients did not provide 

sufficient details of any subsequent cartilage treatment after the index surgery. Three different 

PROMs were used preoperatively, and no patient had >1 preoperative PROM. Due to list-

wise deletion this limited the adjustment of the regression models based on PROM data. 

Standardized preoperative x-rays were not available, nor were an activity scale. 
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patients, Ossendorf et al32 found a KOOS-QoL of 49 in patients with 1st generation ACI 
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treatment vs 64 in patients with microfracture. Furthermore, Kreuz et al33 and Niemeyer et al 
34 found KOOS-QoL of 58.0 and 54.3 respectively in their studies. Even though the present 

study has considerably longer follow-up, the PROM results are likely comparable as several 

previous studies has suggested stable results from mid- to long-term follow-up30, 31, 33, 35. In 

contrast, Gobbi et al36 presented 15 years follow-up of 67 athletes with full-thickness lesions 

treated with microfracture, with a final KOOS-QoL of 82.2. The higher KOOS-score might be 

due to a more active study population as physical training has been shown to increase the 

KOOS-score in patients with FCL37.  Multiple lesions were associated with inferior KOOS-

QoL. A possible explanation could be that multiple lesions might alter the knee homeostasis 

more38.  

Lower level of education was associated with inferior KOOS. Higher risk of heavy manual 

labour and lower level of physical training might contribute to this. Furthermore, lower 

socioeconomic status is known for decreasing the self-reported general health39. 

Medial and lateral FCLs were associated with significant better KOOS-QoL score compared 

to retropatellar lesions. The inferior result in patellar lesions is consistent with previous 

studies40-42. Using the same regression model a subgroup without PF-lesions were analysed, 

with the same overall results, indicating that the original model was able to adjust for FCL 

location(Supplementary Table 2). 

Subsequent cartilage surgery 

At final follow-up 47(17.7%) of the knees had undergone subsequent cartilage surgery. 

Niemeyer et al34 reported in a study of ACI patients that 28,6% required additional cartilage 

surgery. This is consistent with the findings of Ossendorf et al32 with 34% reoperations. In the 

present study there was no significantly different rate of subsequent cartilage surgery, even 

though there was substantial variation. This could suggest that our analysis was 

underpowered. We didn’t have detailed data on the nature of subsequent cartilage surgery and 

the variations in the type of surgery between the groups could be substantial.  

Risk factors for treatment failure 

The failure rate, defined as TKA, osteotomy or KOOS-QoL<50), was nearly 50%. Several 

other studies have defined any subsequent cartilage surgery as failure29, 34-36. In a 20-year 

perspective any subsequent surgery might not be the best failure measure. KA is the final 

outcome of end-stage osteoarthritis and must be considered a failure in cartilage surgery. 

However, the risk of undergoing a knee replacement might vary considerable between 
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countries as well as regions of a country43, 44. To compensate for this, we also classified 

patients scoring <50 in KOOS-QoL sub-score a treatment failure, as Chahal et al26 

demonstrated this to be the Patient Acceptable Symptom State (PASS) in patients with FCL. 

The failure rate of 50% seems high. Nonetheless, as previously discussed the mean KOOS-

QoL in the present study is comparable to other long-term studies.  

More than one FCL was associated with increased odds of failure, consistent with the results 

of Gobbi et al36.  Increased BMI is a known risk factor for both KA and lower KOOS-score 

even in the general population11, 43.  

Long-term PROM and risk of failure in different Cartilage treatment strategies 

We found an increased KOOS-QoL score in the ACI patients compared to the other treatment 

strategies including no surgical treatment. In contrast Ossendorf et al32 found that 

microfracture patients had significantly higher scores than ACI patients. However, their 

analysis was not fully adjusted for significantly larger defects in the ACI patients, and this 

might introduce bias.  

In a previously published study of the same cartilage cohort, we found ACI treatment to 

increase the risk of KA27. Considering this, it was notably that ACI had the lowest risk of 

failure overall. Even though the higher risk of KA is concerning, the number of patients 

scoring themselves below PASS was considerable higher in the other treatment groups. 

Possibly the ACI patients have been more prone to receive a KA than the other patients. 

Cartilage allograft is not available in Norway and revision options in case of a large failed 

ACI treatment may be limited. This could partly explain the higher rate of KA.  

The present study includes a heterogeneous patient cohort. Our findings do, however, 

highlight the need of long-term follow-up of RCTs, as also suggested in a review by Orth et 

al18, as well as cartilage-registry studies. Furthermore, including a sham-surgery arm in future 

RCTs should be considered. 

 

Conclusion 
After a mean 20-years follow-up patients with FCL without subsequent KA had significantly 

better PROM-score than preoperatively, although nearly 50% of the knees could be classified 

as treatment failures. Non-surgically treated FCLs had equal result compared to surgically 

treated FCLs except ACI-treatment which was associated with better KOOS and lower risk of 
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treatment failure, despite greater risk of KA. More than one FCL, full-thickness lesions, lower 

level of education, retropatellar lesions and increased BMI were the main risk factors 

predicting poorer results. 
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Figure 1. Flowchart illustrating the inclusion of patients in the cartilage cohort. 
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Figure 2 Patient Reported Outcome Measures (PROM) preoperative at the time of index 

surgery and at final follow-up.  

 

Boxplot with median and 25th-75th percentile. Whiskers represent the adjacent value within 

the 1.5 interquartile range. ICRS VAS (Visual analogue scale) 100-no pain, 0-worst pain 

imaginable.  
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Figure 3. Crude KOOS Sport/Rec sub scores at final follow-up by treatment group excluding 

patient with knee arthroplasty or osteotomy.  

 

Boxplot with median and 25th-75th percentile. Whiskers represent the adjacent value within 

the 1.5 interquartile range. Differences between ACI and mosaicplasty as well as mfx were 

statistically significant(p<0.003). As were the difference between no treatment and 

mosaicplasty (p<0,05). Mfx- Microfracture, ACI-Autologous Chondrocyte Injection. Other – 

Debridement, Trufit, Caritpatch or MaioRegen. 
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Figure 4. Crude KOOS Quality of Life (QoL) sub scores at final follow-up by treatment group 

excluding patient with knee arthroplasty or osteotomy.  

 

Boxplot with median and 25th-75th percentile. Whiskers represent the adjacent value within 

the 1.5 interquartile range. Only differences between ACI and mosaicplasty as well as mfx 

were statistically significant(p<0.001). Mfx- Microfracture, ACI-Autologous Chondrocyte 

Implantation. Other – Debridement, Trufit, Caritpatch or MaioRegen. 
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Table 1 Demographics and descriptive statistics of 328 knees in 322 patients with focal cartilage 
lesions in 6 Norwegian Hospitals between 1999-2012  
 Frequency or mean1 
Knees 328 
Male/Female 188(57%)/140(43%) 
Right/left knee 173(53%)/154(47%) 
Age at the time of surgery  36.8 years (35.6, 38.0) 
Time from index surgery to PROM follow-up  19.1 years (18.8, 19.5) 
Cartilage lesion ICRS 1-2/ 3-4 52(16%)/276(84%) 
Size of cartilage lesion (mm2) 201.3 mm2(178.9, 223.7) 
Location of cartilage lesion2: 

 Patellofemoral 
 Medial 
 Lateral 

 
73 (22.3%) 
204 (62.2%) 

51 (15.5%) 
Type of treatment: 

 No cartilage treatment 
 Microfracture 
 Debridement 
 ACI 
 Mosaicplasty 
 Other 

 
93 (28.4%) 
124 (37.8%) 
10 (3.0%) 
30 (9.1%) 
53 (16.2%) 
18 (5.5%) 

Level of education: 
 High school 
 Bachelor/Master degree 

 
155 (47.3%) 

164 (50.0%) 
Body mass index (BMI) at end of study 
 <25 
 25-30 
 >30 

27.4 (26.9, 27.9) 
100(30.5%) 
137(41.8%) 
75(22.9%) 

ACL reconstruction in ipsilateral knee 
 At index surgery 
 Before or after index surgery 
 No 

50 (15.2%) 
15 (4.6%) 
35 (10.7%) 
278 (84.8%) 

Meniscal resection in ipsilateral knee 
 At index surgery 
 Before or after index surgery 
 No 

100 (30.5%) 
46 (14.0%) 
54 (16.5%) 
228 (69.5%) 

Knee arthroplasty 59 (18.0%) 
Osteotomy 4(1.2%) 
KOOS at final follow up n=262 

KOOS Symp 72.7 (70.2-75.3) 
KOOS Pain  73.9 (71.1-71.1) 
KOOS ADL 81.0 (78.4-83.7) 
KOOS Sport/Rec 50.3 (46.5-46.5) 
KOOS QoL 58.1 (54.8-61.3) 

1Percentage or 95% Confidence Interval in parenthesis. 2 For detailed information regarding location 
by treatment group please refer to supplementary table 3. ICRS – International Cartilage Repair and 
Joint Preservation Society, VAS – Visual Analogue Scale, OCD – Osteochondritis dissecans, ACI – 
Autologous Cartilage Implantation, MACI- Matrix induced Autologous Cartilage Implantation, ACL- 
Anterior Cruciate Ligament 
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Cartilage lesion ICRS 1-2/ 3-4 52(16%)/276(84%) 
Size of cartilage lesion (mm2) 201.3 mm2(178.9, 223.7) 
Location of cartilage lesion2: 

 Patellofemoral 
 Medial 
 Lateral 

 
73 (22.3%) 
204 (62.2%) 

51 (15.5%) 
Type of treatment: 

 No cartilage treatment 
 Microfracture 
 Debridement 
 ACI 
 Mosaicplasty 
 Other 

 
93 (28.4%) 
124 (37.8%) 
10 (3.0%) 
30 (9.1%) 
53 (16.2%) 
18 (5.5%) 

Level of education: 
 High school 
 Bachelor/Master degree 

 
155 (47.3%) 

164 (50.0%) 
Body mass index (BMI) at end of study 
 <25 
 25-30 
 >30 

27.4 (26.9, 27.9) 
100(30.5%) 
137(41.8%) 
75(22.9%) 

ACL reconstruction in ipsilateral knee 
 At index surgery 
 Before or after index surgery 
 No 

50 (15.2%) 
15 (4.6%) 
35 (10.7%) 
278 (84.8%) 

Meniscal resection in ipsilateral knee 
 At index surgery 
 Before or after index surgery 
 No 

100 (30.5%) 
46 (14.0%) 
54 (16.5%) 
228 (69.5%) 

Knee arthroplasty 59 (18.0%) 
Osteotomy 4(1.2%) 
KOOS at final follow up n=262 

KOOS Symp 72.7 (70.2-75.3) 
KOOS Pain  73.9 (71.1-71.1) 
KOOS ADL 81.0 (78.4-83.7) 
KOOS Sport/Rec 50.3 (46.5-46.5) 
KOOS QoL 58.1 (54.8-61.3) 

1Percentage or 95% Confidence Interval in parenthesis. 2 For detailed information regarding location 
by treatment group please refer to supplementary table 3. ICRS – International Cartilage Repair and 
Joint Preservation Society, VAS – Visual Analogue Scale, OCD – Osteochondritis dissecans, ACI – 
Autologous Cartilage Implantation, MACI- Matrix induced Autologous Cartilage Implantation, ACL- 
Anterior Cruciate Ligament 
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Table 2. Patient Reported Outcome Measures (PROM) preoperatively at the time of index surgery 
and at final follow-up in the patients without subsequent knee arthroplasty or osteotomy. Means 
with 95% confidence intervals are in parentheses. 

PROM Mean preop Mean at follow-up Mean Improvement2 p 
ICRS VAS1 n=94 58.0 (53-62,9) 71.1 (66,4-75,8) 12.4 (6.2-18.5) <0.001 
Lysholm n=140 50.2 (47.4-53.0) 72.0 (68.6-75.4) 21.4 (17.7-25.2) <0.001 
KOOS Symp n=26 50.0 (45.2-54.9) 70.1 (62.1-78.1) 20.0 (12.2-27.9) <0.001 
KOOS Pain n=26 48.6 (42.6-54.6) 70.4 (60.4-80.4) 20.4 (11.0-29.7) <0.001 
KOOS ADL n=26 61.1 (53.4-68.8) 77.7 (67.8-87.5) 16.5 (8.2-24.8) <0.001 
KOOS Sport/rec n=26 23.5 (17.2-29.7) 41.7 (29.0-54.4) 18.3 (9.0-27.5) <0.001 
KOOS QoL n=26 23.1 (18.2-28.1) 48.9 (38.1-59.7) 25.8 (17.0-34.6) <0.001 

1ICRS VAS (Visual analogue scale) 0-no pain, 100-worst pain imaginable. 2 95% Confidence Interval in 
parentheses. 

 

Table 3. Factors influencing the KOOS QoL at final follow-up after focal cartilage lesions in the knee. 
Patients with ipsilateral knee arthroplasty or osteotomy were excluded. 
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 Crude Adjusted1 

 
Mean 

difference15 95% CI p 
Mean 

difference15 95% CI p 

  Lower Upper   Lower Upper  
Gender2 

Male ref   
 

   
 

Female -2.7 -9.2 3.8 0.418     

Number of cartilage lesions3 
  1 ref    ref    

≥2 -6.4 -14.3 1.4 0.111 -11.1 -19.5 -2.8 0.009 

Size of cartilage lesion4  
<2cm2 ref    ref    

≥2cm2 3.9 -2.9 10.7 0.264 4.8 -2.1 11.7 0.171 

Age at time of index surgery2  
< 30 years ref        

30-39 years -1.7 -9.7 6.2 0.622     

>40 years 4.3 -4.3 13.0 0.325     

Body mass index5 
<25 ref    ref    

25-29 -6.0 -13.4 1.3 0.111 -5.4 -13.2 2.4 0.178 

≥30 -8.2 -17.1 0.7 0.072 -7.0 -16.1 2.1 0.132 
Level of education6 

Bachelor/ 
Master degree ref    ref    

High school -7.9 -14.4 -1.4 0.018 8.7 2.2 15.2 0.009 

Ipsilateral ACL reconstruction7 
No ref    ref    

Yes 1.1 -8.1 10.2 0.815 0.51 -8.7 9.7 0.913 
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Male ref   
 

   
 

Female -2.7 -9.2 3.8 0.418     

Number of cartilage lesions3 
  1 ref    ref    

≥2 -6.4 -14.3 1.4 0.111 -11.1 -19.5 -2.8 0.009 

Size of cartilage lesion4  
<2cm2 ref    ref    

≥2cm2 3.9 -2.9 10.7 0.264 4.8 -2.1 11.7 0.171 

Age at time of index surgery2  
< 30 years ref        

30-39 years -1.7 -9.7 6.2 0.622     

>40 years 4.3 -4.3 13.0 0.325     

Body mass index5 
<25 ref    ref    

25-29 -6.0 -13.4 1.3 0.111 -5.4 -13.2 2.4 0.178 

≥30 -8.2 -17.1 0.7 0.072 -7.0 -16.1 2.1 0.132 
Level of education6 

Bachelor/ 
Master degree ref    ref    

High school -7.9 -14.4 -1.4 0.018 8.7 2.2 15.2 0.009 

Ipsilateral ACL reconstruction7 
No ref    ref    

Yes 1.1 -8.1 10.2 0.815 0.51 -8.7 9.7 0.913 

Table 2. Patient Reported Outcome Measures (PROM) preoperatively at the time of index surgery 
and at final follow-up in the patients without subsequent knee arthroplasty or osteotomy. Means 
with 95% confidence intervals are in parentheses. 

PROM Mean preop Mean at follow-up Mean Improvement2 p 
ICRS VAS1 n=94 58.0 (53-62,9) 71.1 (66,4-75,8) 12.4 (6.2-18.5) <0.001 
Lysholm n=140 50.2 (47.4-53.0) 72.0 (68.6-75.4) 21.4 (17.7-25.2) <0.001 
KOOS Symp n=26 50.0 (45.2-54.9) 70.1 (62.1-78.1) 20.0 (12.2-27.9) <0.001 
KOOS Pain n=26 48.6 (42.6-54.6) 70.4 (60.4-80.4) 20.4 (11.0-29.7) <0.001 
KOOS ADL n=26 61.1 (53.4-68.8) 77.7 (67.8-87.5) 16.5 (8.2-24.8) <0.001 
KOOS Sport/rec n=26 23.5 (17.2-29.7) 41.7 (29.0-54.4) 18.3 (9.0-27.5) <0.001 
KOOS QoL n=26 23.1 (18.2-28.1) 48.9 (38.1-59.7) 25.8 (17.0-34.6) <0.001 

1ICRS VAS (Visual analogue scale) 0-no pain, 100-worst pain imaginable. 2 95% Confidence Interval in 
parentheses. 
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 Crude Adjusted1 

 
Mean 

difference15 95% CI p 
Mean 

difference15 95% CI p 

  Lower Upper   Lower Upper  
Ipsilateral meniscal 
resection8  
No ref    ref    

Yes -0.8 -7.9 6.2 0.815 -2.5 -9.7 4.8 0.505 
ICRS classification9  
1-2 ref    ref    

3-4 -11.2 -19.5 -2.9 0.008 -9.8 -18.8 -0.9 0.032 
Cartilage treatment at index 
surgery10  
No treatment ref    ref    

Microfracture -11.2 -19.0 -3.4 0.005 -6.0 -15.9 3.9 0.231 

ACI 13.2 0.9 25.5 0.036 17.5 3.2 31.7 0.017 

Mosaicplasty -11.0 -20.8 -1.2 0.028 -9.4 -21.6 2.8 0.129 

Other -10.1 --21.3 1.1 0.078 -3.8 -17.7 10.1 0.592 
Location of cartilage 
lesion11: 
Patellofemoral ref    ref    

Medial compartment 7.8 0.1 15.5 0.046 7.2 -0.8 15.2 0.077 

Lateral compartment 17.1 6.4 27.7 0.002 17.6 6.9 28.3 0.001 
Time since index cartilage 
surgery12 0.9 0.0 1.9 0.052 0.98 0.04 1.93 0.040 

Preoperative Lysholmscore13 0.5 0.2 0.7 <0.001 0.31 0.04 0.57 0.023 

Preoperative ICRS VAS14  -0.2 -0.4 0.1 0.183 -0.05 -0.32 0.21 0.690 
1 Mean difference adjusted according to a Graphical Causal Model.2 Not adjusted. 3 Adjusted for 
number of cartilage lesions, Age at cartilage surgery, ACL reconstruction, BMI, Gender, level of 
education, meniscal resection, size of cartilage lesion, and time from cartilage surgery to 
questionnaire follow-up. 4 Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time 
from cartilage surgery to questionnaire follow-up . 5 Adjusted for Age at cartilage surgery, Gender, 
Level of Education, and time from cartilage surgery to questionnaire follow-up 6 Adjusted for 
Gender.7 Adjusted for Gender, Level of education, Age at cartilage surgery, BMI, and time from 
cartilage surgery to questionnaire follow-up . 8Adjusted for Age at cartilage surgery, BMI, ICRS 
classification, and time from cartilage surgery to questionnaire follow-up . 9Adjusted for Age at 
cartilage surgery, BMI, meniscal resection, and time from cartilage surgery to questionnaire follow-
up . 10Adjusted for Age at cartilage surgery, ICRS classification, Level of Education, Location of 
cartilage lesion, Number of cartilage lesions, Size of cartilage lesion, and time from cartilage surgery 
to questionnaire follow-up . 11Adjusted for ACL reconstruction, Age at cartilage surgery, Gender and 
meniscal resection. 12Adjusted for Location of cartilage lesion, ACL reconstruction, Age at cartilage 
surgery, Gender, Meniscal resection, BMI, Cartilage treatment at index surgery, ICRS classification, 
Level of education, Number of cartilage lesions and Size of lesion.13Adjusted for ACL 
reconstruction, Age at cartilage surgery, BMI, Gender, ICRS classification, Level of Education, 
Location of cartilage lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, and time 
from cartilage surgery to questionnaire follow-up . 14Adjusted for ACL reconstruction, Age at 
cartilage surgery, BMI, Gender, ICRS classification, Level of Education, Location of cartilage 
lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, time from cartilage surgery to 
questionnaire follow-up and cartilage treatment at index surgery. 15 Mean difference in QoL score 
from reference. Negative numbers implies lower mean score than reference. CI- Confidence Interval, 
OR- Odds Ratio, ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte Implantation 
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 Mean difference adjusted according to a Graphical Causal Model.

2
 Not adjusted. 

3
 Adjusted for 

number of cartilage lesions, Age at cartilage surgery, ACL reconstruction, BMI, Gender, level of 
education, meniscal resection, size of cartilage lesion, and time from cartilage surgery to 
questionnaire follow-up. 

4
 Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time 

from cartilage surgery to questionnaire follow-up . 
5
 Adjusted for Age at cartilage surgery, Gender, 

Level of Education, and time from cartilage surgery to questionnaire follow-up 
6
 Adjusted for 

Gender.
7
 Adjusted for Gender, Level of education, Age at cartilage surgery, BMI, and time from 

cartilage surgery to questionnaire follow-up . 
8
Adjusted for Age at cartilage surgery, BMI, ICRS 

classification, and time from cartilage surgery to questionnaire follow-up . 
9
Adjusted for Age at 

cartilage surgery, BMI, meniscal resection, and time from cartilage surgery to questionnaire follow-
up . 
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cartilage lesion, Number of cartilage lesions, Size of cartilage lesion, and time from cartilage surgery 
to questionnaire follow-up . 

11
Adjusted for ACL reconstruction, Age at cartilage surgery, Gender and 

meniscal resection. 
12

Adjusted for Location of cartilage lesion, ACL reconstruction, Age at cartilage 
surgery, Gender, Meniscal resection, BMI, Cartilage treatment at index surgery, ICRS classification, 
Level of education, Number of cartilage lesions and Size of lesion.

13
Adjusted for ACL 

reconstruction, Age at cartilage surgery, BMI, Gender, ICRS classification, Level of Education, 
Location of cartilage lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, and time 
from cartilage surgery to questionnaire follow-up . 
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Adjusted for ACL reconstruction, Age at 

cartilage surgery, BMI, Gender, ICRS classification, Level of Education, Location of cartilage 
lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, time from cartilage surgery to 
questionnaire follow-up and cartilage treatment at index surgery. 15 Mean difference in QoL score 
from reference. Negative numbers implies lower mean score than reference. CI- Confidence Interval, 
OR- Odds Ratio, ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte Implantation 
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from reference. Negative numbers implies lower mean score than reference. CI- Confidence Interval, 
OR- Odds Ratio, ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte Implantation 
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 Crude Adjusted1 

 
Mean 

difference15 95% CI p 
Mean 

difference15 95% CI p 

  Lower Upper   Lower Upper  
Ipsilateral meniscal 
resection8  
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2
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3
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4
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questionnaire follow-up and cartilage treatment at index surgery. 15 Mean difference in QoL score 
from reference. Negative numbers implies lower mean score than reference. CI- Confidence Interval, 
OR- Odds Ratio, ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte Implantation 

Table 3 Continued 

 
 

 Crude Adjusted1 

 
Mean 

difference15 95% CI p 
Mean 

difference15 95% CI p 

  Lower Upper   Lower Upper  
Ipsilateral meniscal 
resection8  
No ref    ref    

Yes -0.8 -7.9 6.2 0.815 -2.5 -9.7 4.8 0.505 
ICRS classification9  
1-2 ref    ref    

3-4 -11.2 -19.5 -2.9 0.008 -9.8 -18.8 -0.9 0.032 
Cartilage treatment at index 
surgery10  
No treatment ref    ref    

Microfracture -11.2 -19.0 -3.4 0.005 -6.0 -15.9 3.9 0.231 

ACI 13.2 0.9 25.5 0.036 17.5 3.2 31.7 0.017 

Mosaicplasty -11.0 -20.8 -1.2 0.028 -9.4 -21.6 2.8 0.129 

Other -10.1 --21.3 1.1 0.078 -3.8 -17.7 10.1 0.592 
Location of cartilage 
lesion11: 
Patellofemoral ref    ref    

Medial compartment 7.8 0.1 15.5 0.046 7.2 -0.8 15.2 0.077 

Lateral compartment 17.1 6.4 27.7 0.002 17.6 6.9 28.3 0.001 
Time since index cartilage 
surgery12 0.9 0.0 1.9 0.052 0.98 0.04 1.93 0.040 

Preoperative Lysholmscore13 0.5 0.2 0.7 <0.001 0.31 0.04 0.57 0.023 

Preoperative ICRS VAS14  -0.2 -0.4 0.1 0.183 -0.05 -0.32 0.21 0.690 
1
 Mean difference adjusted according to a Graphical Causal Model.

2
 Not adjusted. 

3
 Adjusted for 

number of cartilage lesions, Age at cartilage surgery, ACL reconstruction, BMI, Gender, level of 
education, meniscal resection, size of cartilage lesion, and time from cartilage surgery to 
questionnaire follow-up. 

4
 Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time 

from cartilage surgery to questionnaire follow-up . 
5
 Adjusted for Age at cartilage surgery, Gender, 

Level of Education, and time from cartilage surgery to questionnaire follow-up 
6
 Adjusted for 

Gender.
7
 Adjusted for Gender, Level of education, Age at cartilage surgery, BMI, and time from 

cartilage surgery to questionnaire follow-up . 
8
Adjusted for Age at cartilage surgery, BMI, ICRS 

classification, and time from cartilage surgery to questionnaire follow-up . 
9
Adjusted for Age at 

cartilage surgery, BMI, meniscal resection, and time from cartilage surgery to questionnaire follow-
up . 

10
Adjusted for Age at cartilage surgery, ICRS classification, Level of Education, Location of 

cartilage lesion, Number of cartilage lesions, Size of cartilage lesion, and time from cartilage surgery 
to questionnaire follow-up . 

11
Adjusted for ACL reconstruction, Age at cartilage surgery, Gender and 

meniscal resection. 
12

Adjusted for Location of cartilage lesion, ACL reconstruction, Age at cartilage 
surgery, Gender, Meniscal resection, BMI, Cartilage treatment at index surgery, ICRS classification, 
Level of education, Number of cartilage lesions and Size of lesion.

13
Adjusted for ACL 

reconstruction, Age at cartilage surgery, BMI, Gender, ICRS classification, Level of Education, 
Location of cartilage lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, and time 
from cartilage surgery to questionnaire follow-up . 

14
Adjusted for ACL reconstruction, Age at 

cartilage surgery, BMI, Gender, ICRS classification, Level of Education, Location of cartilage 
lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, time from cartilage surgery to 
questionnaire follow-up and cartilage treatment at index surgery. 15 Mean difference in QoL score 
from reference. Negative numbers implies lower mean score than reference. CI- Confidence Interval, 
OR- Odds Ratio, ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte Implantation 

Table 3 Continued 

 
 

 Crude Adjusted1 

 
Mean 

difference15 95% CI p 
Mean 

difference15 95% CI p 

  Lower Upper   Lower Upper  
Ipsilateral meniscal 
resection8  
No ref    ref    

Yes -0.8 -7.9 6.2 0.815 -2.5 -9.7 4.8 0.505 
ICRS classification9  
1-2 ref    ref    

3-4 -11.2 -19.5 -2.9 0.008 -9.8 -18.8 -0.9 0.032 
Cartilage treatment at index 
surgery10  
No treatment ref    ref    

Microfracture -11.2 -19.0 -3.4 0.005 -6.0 -15.9 3.9 0.231 

ACI 13.2 0.9 25.5 0.036 17.5 3.2 31.7 0.017 

Mosaicplasty -11.0 -20.8 -1.2 0.028 -9.4 -21.6 2.8 0.129 

Other -10.1 --21.3 1.1 0.078 -3.8 -17.7 10.1 0.592 
Location of cartilage 
lesion11: 
Patellofemoral ref    ref    

Medial compartment 7.8 0.1 15.5 0.046 7.2 -0.8 15.2 0.077 

Lateral compartment 17.1 6.4 27.7 0.002 17.6 6.9 28.3 0.001 
Time since index cartilage 
surgery12 0.9 0.0 1.9 0.052 0.98 0.04 1.93 0.040 

Preoperative Lysholmscore13 0.5 0.2 0.7 <0.001 0.31 0.04 0.57 0.023 

Preoperative ICRS VAS14  -0.2 -0.4 0.1 0.183 -0.05 -0.32 0.21 0.690 
1
 Mean difference adjusted according to a Graphical Causal Model.

2
 Not adjusted. 

3
 Adjusted for 

number of cartilage lesions, Age at cartilage surgery, ACL reconstruction, BMI, Gender, level of 
education, meniscal resection, size of cartilage lesion, and time from cartilage surgery to 
questionnaire follow-up. 

4
 Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time 

from cartilage surgery to questionnaire follow-up . 
5
 Adjusted for Age at cartilage surgery, Gender, 

Level of Education, and time from cartilage surgery to questionnaire follow-up 
6
 Adjusted for 

Gender.
7
 Adjusted for Gender, Level of education, Age at cartilage surgery, BMI, and time from 

cartilage surgery to questionnaire follow-up . 
8
Adjusted for Age at cartilage surgery, BMI, ICRS 

classification, and time from cartilage surgery to questionnaire follow-up . 
9
Adjusted for Age at 

cartilage surgery, BMI, meniscal resection, and time from cartilage surgery to questionnaire follow-
up . 

10
Adjusted for Age at cartilage surgery, ICRS classification, Level of Education, Location of 

cartilage lesion, Number of cartilage lesions, Size of cartilage lesion, and time from cartilage surgery 
to questionnaire follow-up . 

11
Adjusted for ACL reconstruction, Age at cartilage surgery, Gender and 

meniscal resection. 
12

Adjusted for Location of cartilage lesion, ACL reconstruction, Age at cartilage 
surgery, Gender, Meniscal resection, BMI, Cartilage treatment at index surgery, ICRS classification, 
Level of education, Number of cartilage lesions and Size of lesion.

13
Adjusted for ACL 

reconstruction, Age at cartilage surgery, BMI, Gender, ICRS classification, Level of Education, 
Location of cartilage lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, and time 
from cartilage surgery to questionnaire follow-up . 

14
Adjusted for ACL reconstruction, Age at 

cartilage surgery, BMI, Gender, ICRS classification, Level of Education, Location of cartilage 
lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, time from cartilage surgery to 
questionnaire follow-up and cartilage treatment at index surgery. 15 Mean difference in QoL score 
from reference. Negative numbers implies lower mean score than reference. CI- Confidence Interval, 
OR- Odds Ratio, ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte Implantation 



Table 4. Risk factors for treatment failure defined as ipsilateral knee arthroplasty, ipsilateral knee 
osteotomy or KOOS QoL subscore < 50 in the Norwegian cartilage lesion cohort. 
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  Crude Adjusted1 

 
Failures, 

n(%) OR 95% CI p OR 95% CI p 

   Lower Upper   Lower Upper  

Total 162(49.4%)         

Gender2 
Male 87(47.3%) 1        

Female 75(53.6%) 1.3 0.8 2.0 0.262     

Number of cartilage lesions3 
  1 101(45.5%) 1        

≥2 50(60.2%) 1.9 1.2 3.2 0.010 1.9 1.1 3.3 0.035 

Size of cartilage lesion4  
<2cm2 110(51.9%)     1    

≥2cm2 52(46.4%) 0.67 0.4 1.1 0.119 0.8 0.5 1.3 0.319 

Age at time of index surgery2  
< 30 years 36(43.9%) 1        

30-39 years 62(49.2%) 1.2 0.7 2.2 0.454     

>40 years 64(55.2%) 1.6 0.9 2.8 0.119     

Body mass index5 
<25 37(37.4%) 1    1    

25-29 70(51.1%) 2.5 1.4 4.4 0.001 2.0 1.1 3.6 0.016 

≥30 45(60.8%) 2.6 1.4 5.0 0.003 3.1 1.6 5.9 0.001 
Level of education6 

Bachelor/ 
Master degree 70(43.3%) 1    1    

High school 87(56.1%) 0.5 0.3 0.8 0.003 1.8 1.1 2.8 0.011 

Ipsilateral ACL reconstruction7 
No 139(50.4%) 1    1    

Yes 23(47.9%) 1.0 0.5 1.8 0.916 1.1 0.6 2.1 0.785 

Ipsilateral meniscal resection8  
No 110(48.9%) 1    1    

Yes 52(52.5%) 1.1 0.7 1.8 0.574 1.3 0.8 2.2 0.337 

ICRS classification9  
1-2 17(32.7%) 1    1    

3-4 145(53.3%) 1.8 1.0 3.5 0.061 2.5 1.3 5.0 0.009 

Cartilage treatment at index surgery10  
No treatment 40(44%) 1    1    

Microfracture 71(57.2%) 1.8 1.0 3.1 0.038 1.2 0.6 2.5 0.638 

ACI 8(26.7%) 0.5 0.2 1.2 0.115 0.3 0.1 1.0 0.040 

Mosaicplasty 30(57.7%) 1.7 0.9 3.4 0.115 1.5 0.6 3.9 0.369 

Other 13(46.6%) 0.8 0.5 2.7 0.749 0.8 0.3 2.7 0.752 
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  Crude Adjusted1 

 
Failures, 

n(%) OR 95% CI p OR 95% CI p 

   Lower Upper   Lower Upper  
Location of cartilage lesion11: 

Patellofemoral 42(57.5%) 1    1   0.303 

Medial compartment 98(48.8%) 0.8 0.5 1.4 0.513 0.7 0.4 1.2 0.167 

Lateral compartment 22(44.0%) 0.7 0.4 1.5 0.417 0.5 0.2 1.1 0.82 
Time since index cartilage 
surgery12  1.0 0.9 1.0 0.442 1.0 0.9 1.1 0.588 

Preoperative Lysholmscore13  0.98 0.96 1.0 0.013 0.98 0.96 1.00 0.107 

Preoperative ICRS VAS14   1.03 1.01 1.05 0.004 1.01 0.99 1.04 0.190 
1 OR adjusted according to a Graphical Causal Model.2 Not adjusted. 3 Adjusted for number of 
cartilage lesions, Age at cartilage surgery, ACL reconstruction, BMI, Gender, level of education, 
meniscal resection, size of cartilage lesion, and time from cartilage surgery to end of study. 4 
Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time from cartilage surgery to 
end of study. 5 Adjusted for Age at cartilage surgery, Gender, Level of Education, and time from 
cartilage surgery to end of study. 6 Adjusted for Gender.7 Adjusted for Gender, Level of education, 
Age at cartilage surgery, BMI, and time from cartilage surgery to end of study. 8Adjusted for Age 
at cartilage surgery, BMI, ICRS classification, and time from cartilage surgery to end of study. 
9Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time from cartilage surgery to 
end of study. 10Adjusted for Age at cartilage surgery, ICRS classification, Level of Education, 
Location of cartilage lesion, Number of cartilage lesions, Size of cartilage lesion, and time from 
cartilage surgery to end of study. 11Adjusted for ACL reconstruction, Age at cartilage surgery, 
Gender and meniscal resection. 12Adjusted for Location of cartilage lesion, ACL reconstruction, 
Age at cartilage surgery, Gender, Meniscal resection, BMI, Cartilage treatment at index surgery, 
ICRS classification, Level of education, Number of cartilage lesions and Size of lesion.13Adjusted 
for ACL reconstruction, Age at cartilage surgery, BMI, Gender, ICRS classification, Level of 
Education, Location of cartilage lesion, Meniscal resection, Number of cartilage lesions, Size of 
lesion, and time from cartilage surgery to end of study. 14Adjusted for ACL reconstruction, Age at 
cartilage surgery, BMI, Gender, ICRS classification, Level of Education, Location of cartilage 
lesion, Meniscal resection, Number of cartilage lesions, Size of lesion, time from cartilage surgery 
to end of study and cartilage treatment at index surgery. CI- Confidence interval OR- Odds Ratio, 
ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte Implantation 
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4
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Supplementary Table 2. Factors influencing the KOOS QoL at final follow-up after focal cartilage 
lesions in the knee. Patients with patellofemoral lesions or with ipsilateral knee arthroplasty or 
osteotomy were excluded. 

 Adjusted1 

 
Mean 

difference15 95% CI p 

  Lower Upper  
Gender2 

Male ref   
 

Female -1.5 -8.9 6.0 0.700 

Number of cartilage lesions3 
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1 Mean difference adjusted according to a Graphical Causal Model.2 Not 
adjusted. 3 Adjusted for number of cartilage lesions, Age at cartilage surgery, 
ACL reconstruction, BMI, Gender, level of education, meniscal resection, size 
of cartilage lesion, and time from cartilage surgery to questionnaire follow-up. 
4 Adjusted for Age at cartilage surgery, BMI, meniscal resection, and time 
from cartilage surgery to questionnaire follow-up. 5 Adjusted for Age at 
cartilage surgery, Gender, Level of Education, and time from cartilage surgery 
to questionnaire follow-up. 6 Adjusted for Gender.7 Adjusted for Gender, 
Level of education, Age at cartilage surgery, BMI, and time from cartilage 
surgery to questionnaire follow-up. 8Adjusted for Age at cartilage surgery, 
BMI, ICRS classification, and time from cartilage surgery to questionnaire 
follow-up. 9Adjusted for Age at cartilage surgery, BMI, meniscal resection, 
and time from cartilage surgery to questionnaire follow-up. 10Adjusted for Age 
at cartilage surgery, ICRS classification, Level of Education, Location of 
cartilage lesion, Number of cartilage lesions, Size of cartilage lesion, and time 
from cartilage surgery to questionnaire follow-up11Adjusted for ACL 
reconstruction, Age at cartilage surgery, Gender and meniscal resection. 
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cartilage surgery, Gender, Meniscal resection, BMI, Cartilage treatment at 
index surgery, ICRS classification, Level of education, Number of cartilage 
lesions and Size of lesion.13Adjusted for ACL reconstruction, Age at cartilage 
surgery, BMI, Gender, ICRS classification, Level of Education, Location of 
cartilage lesion, Meniscal resection, Number of cartilage lesions, Size of 
lesion, and time from cartilage surgery to questionnaire follow-up14Adjusted 
for ACL reconstruction, Age at cartilage surgery, BMI, Gender, ICRS 
classification, Level of Education, Location of cartilage lesion, Meniscal 
resection, Number of cartilage lesions, Size of lesion, time from cartilage 
surgery to questionnaire follow-upand cartilage treatment at index surgery. 15 
Mean difference in QoL score from reference. Negative numbers implies 
lower mean score than reference. CI- Confidence Interval, OR- Odds Ratio, 
ACL-Anterior Cruciate Ligament, ACI- Autologous Chondrocyte 
Implantation 
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Abstract
Purpose: The hypothesis of the present study assumed that a history of
focal cartilage lesions would not affect Knee Injury and Osteoarthritis
Outcome scores (KOOSs) following knee arthroplasty compared to a
matched national cohort of knee arthroplasty patients.
Methods: Fifty‐eight knee arthroplasty patients with previous surgery for
focal cartilage lesions (cartilage cohort) were compared to a matched cohort
of 116 knee arthroplasty patients from the Norwegian Arthroplasty Register
(control group). Age, sex, primary or revision arthroplasty, type of
arthroplasty (total, unicondylar or patellofemoral), year of arthroplasty
surgery and arthroplasty brand were used as matching criteria. Demo-
graphic data and KOOS were obtained through questionnaires. Regression
models were employed to adjust for confounding factors.
Results: Mean follow‐up post knee arthroplasty surgery was 7.6 years (range
1.2–20.3) in the cartilage cohort and 8.1 (range 1.0–20.9) in the control group.
The responding patients were at the time of surgery 54.3 versus 59.0 years in
the cartilage and control group, respectively. At follow‐up the control group
demonstrated higher adjusted Knee Injury and Osteoarthritis Outcome
subscores than the previous focal cartilage patients with a mean adjusted
difference (95% confidence interval in parentheses): Symptoms 8.4 (0.3, 16.4),
Pain 11.8 (2.2, 21.4), Activities of daily living (ADL) 9.3 (−1.2, 18.6), Sport and
recreation 8.9 (−1.6, 19.4) and Quality of Life (QoL) 10.6 (0.2, 21.1). The
control group also demonstrated higher odds of reaching the patient‐
acceptable symptom state threshold for the Knee Injury and Osteoarthritis
Outcome subscores with odds ratio: Symptoms 2.7 (1.2, 6.4), Pain 3.0 (1.3,
7.0), ADL 2.1 (0.9, 4.6) and QoL 2.4 (1.0, 5.5).
Conclusion: Previous cartilage surgery was associated with inferior patient‐
reported outcomes after knee arthroplasty. These patients also exhibited
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Purpose:Thehypothesisofthepresentstudyassumedthatahistoryof
focalcartilagelesionswouldnotaffectKneeInjuryandOsteoarthritis
Outcomescores(KOOSs)followingkneearthroplastycomparedtoa
matchednationalcohortofkneearthroplastypatients.
Methods:Fifty‐eightkneearthroplastypatientswithprevioussurgeryfor
focalcartilagelesions(cartilagecohort)werecomparedtoamatchedcohort
of116kneearthroplastypatientsfromtheNorwegianArthroplastyRegister
(controlgroup).Age,sex,primaryorrevisionarthroplasty,typeof
arthroplasty(total,unicondylarorpatellofemoral),yearofarthroplasty
surgeryandarthroplastybrandwereusedasmatchingcriteria.Demo-
graphicdataandKOOSwereobtainedthroughquestionnaires.Regression
modelswereemployedtoadjustforconfoundingfactors.
Results:Meanfollow‐uppostkneearthroplastysurgerywas7.6years(range
1.2–20.3)inthecartilagecohortand8.1(range1.0–20.9)inthecontrolgroup.
Therespondingpatientswereatthetimeofsurgery54.3versus59.0yearsin
thecartilageandcontrolgroup,respectively.Atfollow‐upthecontrolgroup
demonstratedhigheradjustedKneeInjuryandOsteoarthritisOutcome
subscoresthanthepreviousfocalcartilagepatientswithameanadjusted
difference(95%confidenceintervalinparentheses):Symptoms8.4(0.3,16.4),
Pain11.8(2.2,21.4),Activitiesofdailyliving(ADL)9.3(−1.2,18.6),Sportand
recreation8.9(−1.6,19.4)andQualityofLife(QoL)10.6(0.2,21.1).The
controlgroupalsodemonstratedhigheroddsofreachingthepatient‐
acceptablesymptomstatethresholdfortheKneeInjuryandOsteoarthritis
Outcomesubscoreswithoddsratio:Symptoms2.7(1.2,6.4),Pain3.0(1.3,
7.0),ADL2.1(0.9,4.6)andQoL2.4(1.0,5.5).
Conclusion:Previouscartilagesurgerywasassociatedwithinferiorpatient‐
reportedoutcomesafterkneearthroplasty.Thesepatientsalsoexhibited
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significantly lower odds of reaching the patient‐acceptable symptom state
threshold for the Knee Injury and Osteoarthritis Outcome subscores.

Level of Evidence: Level III.
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INTRODUCTION

Focal cartilage lesions (FCLs) in the knee exhibit poor
natural healing capabilities [1] and may significantly
reduce quality of life (QoL) [2, 3]. Even in surgically
treated FCLs, normal knee function is often not
achieved [4]. The risk of knee arthroplasty in the
younger FCL patient is greater, regardless of cartilage
treatment strategy [5]. In Norway, more than 95% of
knee arthroplasties have been reported to the Norwe-
gian Arthroplasty Register (NAR) since 1994 [6].
Previous knee injury, such as FCL, significantly
increases the risk of later osteoarthrosis [7, 8].

While knee arthroplasty generally leads to improve-
ments in function and satisfaction, irrespective of the type
of implant used [9], a recent meta‐analysis [10] found that
previous knee surgery is associated with lower patient
satisfaction after knee arthroplasty. None of the patients
included in that analysis had been treated for FCL. Only a
few studies [11, 12], involving a limited number of
patients, have reported patient‐reported outcomes after
knee arthroplasty in individuals with previous FCL. These
studies have several limitations such as only including
patients treated with microfracture or the inclusion of
patients with concomitant meniscal allografts and thus
have limited external validity. Consequently, the patient‐
reported results of knee arthroplasty in patients with
previous FCL remain largely unknown. The aim of the
present study was thus to examine the patient‐reported
results of knee arthroplasty following an FCL and
compare these results to a matched national cohort of
knee arthroplasty patients. The hypothesis posited that
prior FCL did not influence patient‐reported outcomes
after knee arthroplasty.

METHODS

Cartilage cohort

In a previously published long‐term follow‐up of 322
patients operated between 1999 and 2012 in six
Norwegian hospitals with an arthroscopically verified
FCL in the knee, 59 patients with subsequent knee
arthroplasty were identified [5]. FCL surgeries were
performed by experienced cartilage surgeons. The
mean duration from FCL surgery to knee arthroplasty

was 12.7 years. In one of the patients, insufficient
details on the arthroplasty procedure were available,
and the patient was excluded from the present study.
Consequently, 58 patients with knee arthroplasty
following previous FCLs were included.

Control cohort

A matched control group (1:3) from the NAR operated
between 1994 and 2020, was recruited, with 174 eligible
participants identified. Patients in the NAR registered as
deceased, having rheumatoid arthritis, having had a
previous FCL or any type of cartilage surgery, or a
previous multi‐ligamentous injury were excluded prior to
matching. The FCL group and the control group were then
matched on the following variables: Year of birth (+/−10
years), sex, primary or revision arthroplasty (and cause of
revision), type of arthroplasty (total, unicondylar or
patellofemoral), year of arthroplasty surgery and brand of
the arthroplasty. The inclusion procedure is illustrated in
Figure 1. Of the 174 patients found eligible for the control
group, 116 (66.7%) consented to participate in the present
study. The characteristics of the exposure groups are
summarized in Table 1.

Data collection

Each patient in the control group received a question-
naire by post, along with the Knee Injury and Osteo-
arthritis Outcome Score (KOOS) [13], as this has been
validated for both knee arthroplasty and FCL patients
[14–16]. The cartilage cohort had previously completed
the same questionnaire regarding body height, weight,
level of education, knee function, level of activity and
any previous knee surgery. The knee arthroplasty
patients of both groups had completed their KOOS
scores at minimum 1‐year postsurgery. The NAR does
not contain information on the treating surgeon.

Statistics

Demographic differences between the previous carti-
lage patients and the control group were assessed
using the Student T test and the χ2 test.
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INTRODUCTION

Focalcartilagelesions(FCLs)inthekneeexhibitpoor
naturalhealingcapabilities[1]andmaysignificantly
reducequalityoflife(QoL)[2,3].Eveninsurgically
treatedFCLs,normalkneefunctionisoftennot
achieved[4].Theriskofkneearthroplastyinthe
youngerFCLpatientisgreater,regardlessofcartilage
treatmentstrategy[5].InNorway,morethan95%of
kneearthroplastieshavebeenreportedtotheNorwe-
gianArthroplastyRegister(NAR)since1994[6].
Previouskneeinjury,suchasFCL,significantly
increasestheriskoflaterosteoarthrosis[7,8].

Whilekneearthroplastygenerallyleadstoimprove-
mentsinfunctionandsatisfaction,irrespectiveofthetype
ofimplantused[9],arecentmeta‐analysis[10]foundthat
previouskneesurgeryisassociatedwithlowerpatient
satisfactionafterkneearthroplasty.Noneofthepatients
includedinthatanalysishadbeentreatedforFCL.Onlya
fewstudies[11,12],involvingalimitednumberof
patients,havereportedpatient‐reportedoutcomesafter
kneearthroplastyinindividualswithpreviousFCL.These
studieshaveseverallimitationssuchasonlyincluding
patientstreatedwithmicrofractureortheinclusionof
patientswithconcomitantmeniscalallograftsandthus
havelimitedexternalvalidity.Consequently,thepatient‐
reportedresultsofkneearthroplastyinpatientswith
previousFCLremainlargelyunknown.Theaimofthe
presentstudywasthustoexaminethepatient‐reported
resultsofkneearthroplastyfollowinganFCLand
comparetheseresultstoamatchednationalcohortof
kneearthroplastypatients.Thehypothesispositedthat
priorFCLdidnotinfluencepatient‐reportedoutcomes
afterkneearthroplasty.

METHODS

Cartilagecohort

Inapreviouslypublishedlong‐termfollow‐upof322
patientsoperatedbetween1999and2012insix
Norwegianhospitalswithanarthroscopicallyverified
FCLintheknee,59patientswithsubsequentknee
arthroplastywereidentified[5].FCLsurgerieswere
performedbyexperiencedcartilagesurgeons.The
meandurationfromFCLsurgerytokneearthroplasty

was12.7years.Inoneofthepatients,insufficient
detailsonthearthroplastyprocedurewereavailable,
andthepatientwasexcludedfromthepresentstudy.
Consequently,58patientswithkneearthroplasty
followingpreviousFCLswereincluded.

Controlcohort

Amatchedcontrolgroup(1:3)fromtheNARoperated
between1994and2020,wasrecruited,with174eligible
participantsidentified.PatientsintheNARregisteredas
deceased,havingrheumatoidarthritis,havinghada
previousFCLoranytypeofcartilagesurgery,ora
previousmulti‐ligamentousinjurywereexcludedpriorto
matching.TheFCLgroupandthecontrolgroupwerethen
matchedonthefollowingvariables:Yearofbirth(+/−10
years),sex,primaryorrevisionarthroplasty(andcauseof
revision),typeofarthroplasty(total,unicondylaror
patellofemoral),yearofarthroplastysurgeryandbrandof
thearthroplasty.Theinclusionprocedureisillustratedin
Figure1.Ofthe174patientsfoundeligibleforthecontrol
group,116(66.7%)consentedtoparticipateinthepresent
study.Thecharacteristicsoftheexposuregroupsare
summarizedinTable1.

Datacollection

Eachpatientinthecontrolgroupreceivedaquestion-
nairebypost,alongwiththeKneeInjuryandOsteo-
arthritisOutcomeScore(KOOS)[13],asthishasbeen
validatedforbothkneearthroplastyandFCLpatients
[14–16].Thecartilagecohorthadpreviouslycompleted
thesamequestionnaireregardingbodyheight,weight,
levelofeducation,kneefunction,levelofactivityand
anypreviouskneesurgery.Thekneearthroplasty
patientsofbothgroupshadcompletedtheirKOOS
scoresatminimum1‐yearpostsurgery.TheNARdoes
notcontaininformationonthetreatingsurgeon.

Statistics

Demographicdifferencesbetweenthepreviouscarti-
lagepatientsandthecontrolgroupwereassessed
usingtheStudentTtestandtheχ2test.
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significantly lower odds of reaching the patient‐acceptable symptom state
threshold for the Knee Injury and Osteoarthritis Outcome subscores.

Level of Evidence: Level III.
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INTRODUCTION

Focal cartilage lesions (FCLs) in the knee exhibit poor
natural healing capabilities [1] and may significantly
reduce quality of life (QoL) [2, 3]. Even in surgically
treated FCLs, normal knee function is often not
achieved [4]. The risk of knee arthroplasty in the
younger FCL patient is greater, regardless of cartilage
treatment strategy [5]. In Norway, more than 95% of
knee arthroplasties have been reported to the Norwe-
gian Arthroplasty Register (NAR) since 1994 [6].
Previous knee injury, such as FCL, significantly
increases the risk of later osteoarthrosis [7, 8].

While knee arthroplasty generally leads to improve-
ments in function and satisfaction, irrespective of the type
of implant used [9], a recent meta‐analysis [10] found that
previous knee surgery is associated with lower patient
satisfaction after knee arthroplasty. None of the patients
included in that analysis had been treated for FCL. Only a
few studies [11, 12], involving a limited number of
patients, have reported patient‐reported outcomes after
knee arthroplasty in individuals with previous FCL. These
studies have several limitations such as only including
patients treated with microfracture or the inclusion of
patients with concomitant meniscal allografts and thus
have limited external validity. Consequently, the patient‐
reported results of knee arthroplasty in patients with
previous FCL remain largely unknown. The aim of the
present study was thus to examine the patient‐reported
results of knee arthroplasty following an FCL and
compare these results to a matched national cohort of
knee arthroplasty patients. The hypothesis posited that
prior FCL did not influence patient‐reported outcomes
after knee arthroplasty.

METHODS

Cartilage cohort

In a previously published long‐term follow‐up of 322
patients operated between 1999 and 2012 in six
Norwegian hospitals with an arthroscopically verified
FCL in the knee, 59 patients with subsequent knee
arthroplasty were identified [5]. FCL surgeries were
performed by experienced cartilage surgeons. The
mean duration from FCL surgery to knee arthroplasty

was 12.7 years. In one of the patients, insufficient
details on the arthroplasty procedure were available,
and the patient was excluded from the present study.
Consequently, 58 patients with knee arthroplasty
following previous FCLs were included.

Control cohort

A matched control group (1:3) from the NAR operated
between 1994 and 2020, was recruited, with 174 eligible
participants identified. Patients in the NAR registered as
deceased, having rheumatoid arthritis, having had a
previous FCL or any type of cartilage surgery, or a
previous multi‐ligamentous injury were excluded prior to
matching. The FCL group and the control group were then
matched on the following variables: Year of birth (+/−10
years), sex, primary or revision arthroplasty (and cause of
revision), type of arthroplasty (total, unicondylar or
patellofemoral), year of arthroplasty surgery and brand of
the arthroplasty. The inclusion procedure is illustrated in
Figure 1. Of the 174 patients found eligible for the control
group, 116 (66.7%) consented to participate in the present
study. The characteristics of the exposure groups are
summarized in Table 1.

Data collection

Each patient in the control group received a question-
naire by post, along with the Knee Injury and Osteo-
arthritis Outcome Score (KOOS) [13], as this has been
validated for both knee arthroplasty and FCL patients
[14–16]. The cartilage cohort had previously completed
the same questionnaire regarding body height, weight,
level of education, knee function, level of activity and
any previous knee surgery. The knee arthroplasty
patients of both groups had completed their KOOS
scores at minimum 1‐year postsurgery. The NAR does
not contain information on the treating surgeon.

Statistics

Demographic differences between the previous carti-
lage patients and the control group were assessed
using the Student T test and the χ

2
test.
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significantly lower odds of reaching the patient‐acceptable symptom state
threshold for the Knee Injury and Osteoarthritis Outcome subscores.

Level of Evidence: Level III.
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Previous knee injury, such as FCL, significantly
increases the risk of later osteoarthrosis [7, 8].

While knee arthroplasty generally leads to improve-
ments in function and satisfaction, irrespective of the type
of implant used [9], a recent meta‐analysis [10] found that
previous knee surgery is associated with lower patient
satisfaction after knee arthroplasty. None of the patients
included in that analysis had been treated for FCL. Only a
few studies [11, 12], involving a limited number of
patients, have reported patient‐reported outcomes after
knee arthroplasty in individuals with previous FCL. These
studies have several limitations such as only including
patients treated with microfracture or the inclusion of
patients with concomitant meniscal allografts and thus
have limited external validity. Consequently, the patient‐
reported results of knee arthroplasty in patients with
previous FCL remain largely unknown. The aim of the
present study was thus to examine the patient‐reported
results of knee arthroplasty following an FCL and
compare these results to a matched national cohort of
knee arthroplasty patients. The hypothesis posited that
prior FCL did not influence patient‐reported outcomes
after knee arthroplasty.

METHODS

Cartilage cohort

In a previously published long‐term follow‐up of 322
patients operated between 1999 and 2012 in six
Norwegian hospitals with an arthroscopically verified
FCL in the knee, 59 patients with subsequent knee
arthroplasty were identified [5]. FCL surgeries were
performed by experienced cartilage surgeons. The
mean duration from FCL surgery to knee arthroplasty

was 12.7 years. In one of the patients, insufficient
details on the arthroplasty procedure were available,
and the patient was excluded from the present study.
Consequently, 58 patients with knee arthroplasty
following previous FCLs were included.

Control cohort

A matched control group (1:3) from the NAR operated
between 1994 and 2020, was recruited, with 174 eligible
participants identified. Patients in the NAR registered as
deceased, having rheumatoid arthritis, having had a
previous FCL or any type of cartilage surgery, or a
previous multi‐ligamentous injury were excluded prior to
matching. The FCL group and the control group were then
matched on the following variables: Year of birth (+/−10
years), sex, primary or revision arthroplasty (and cause of
revision), type of arthroplasty (total, unicondylar or
patellofemoral), year of arthroplasty surgery and brand of
the arthroplasty. The inclusion procedure is illustrated in
Figure 1. Of the 174 patients found eligible for the control
group, 116 (66.7%) consented to participate in the present
study. The characteristics of the exposure groups are
summarized in Table 1.

Data collection

Each patient in the control group received a question-
naire by post, along with the Knee Injury and Osteo-
arthritis Outcome Score (KOOS) [13], as this has been
validated for both knee arthroplasty and FCL patients
[14–16]. The cartilage cohort had previously completed
the same questionnaire regarding body height, weight,
level of education, knee function, level of activity and
any previous knee surgery. The knee arthroplasty
patients of both groups had completed their KOOS
scores at minimum 1‐year postsurgery. The NAR does
not contain information on the treating surgeon.

Statistics

Demographic differences between the previous carti-
lage patients and the control group were assessed
using the Student T test and the χ
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significantlyloweroddsofreachingthepatient‐acceptablesymptomstate
thresholdfortheKneeInjuryandOsteoarthritisOutcomesubscores.

LevelofEvidence:LevelIII.
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INTRODUCTION

Focalcartilagelesions(FCLs)inthekneeexhibitpoor
naturalhealingcapabilities[1]andmaysignificantly
reducequalityoflife(QoL)[2,3].Eveninsurgically
treatedFCLs,normalkneefunctionisoftennot
achieved[4].Theriskofkneearthroplastyinthe
youngerFCLpatientisgreater,regardlessofcartilage
treatmentstrategy[5].InNorway,morethan95%of
kneearthroplastieshavebeenreportedtotheNorwe-
gianArthroplastyRegister(NAR)since1994[6].
Previouskneeinjury,suchasFCL,significantly
increasestheriskoflaterosteoarthrosis[7,8].

Whilekneearthroplastygenerallyleadstoimprove-
mentsinfunctionandsatisfaction,irrespectiveofthetype
ofimplantused[9],arecentmeta‐analysis[10]foundthat
previouskneesurgeryisassociatedwithlowerpatient
satisfactionafterkneearthroplasty.Noneofthepatients
includedinthatanalysishadbeentreatedforFCL.Onlya
fewstudies[11,12],involvingalimitednumberof
patients,havereportedpatient‐reportedoutcomesafter
kneearthroplastyinindividualswithpreviousFCL.These
studieshaveseverallimitationssuchasonlyincluding
patientstreatedwithmicrofractureortheinclusionof
patientswithconcomitantmeniscalallograftsandthus
havelimitedexternalvalidity.Consequently,thepatient‐
reportedresultsofkneearthroplastyinpatientswith
previousFCLremainlargelyunknown.Theaimofthe
presentstudywasthustoexaminethepatient‐reported
resultsofkneearthroplastyfollowinganFCLand
comparetheseresultstoamatchednationalcohortof
kneearthroplastypatients.Thehypothesispositedthat
priorFCLdidnotinfluencepatient‐reportedoutcomes
afterkneearthroplasty.

METHODS

Cartilagecohort

Inapreviouslypublishedlong‐termfollow‐upof322
patientsoperatedbetween1999and2012insix
Norwegianhospitalswithanarthroscopicallyverified
FCLintheknee,59patientswithsubsequentknee
arthroplastywereidentified[5].FCLsurgerieswere
performedbyexperiencedcartilagesurgeons.The
meandurationfromFCLsurgerytokneearthroplasty

was12.7years.Inoneofthepatients,insufficient
detailsonthearthroplastyprocedurewereavailable,
andthepatientwasexcludedfromthepresentstudy.
Consequently,58patientswithkneearthroplasty
followingpreviousFCLswereincluded.

Controlcohort

Amatchedcontrolgroup(1:3)fromtheNARoperated
between1994and2020,wasrecruited,with174eligible
participantsidentified.PatientsintheNARregisteredas
deceased,havingrheumatoidarthritis,havinghada
previousFCLoranytypeofcartilagesurgery,ora
previousmulti‐ligamentousinjurywereexcludedpriorto
matching.TheFCLgroupandthecontrolgroupwerethen
matchedonthefollowingvariables:Yearofbirth(+/−10
years),sex,primaryorrevisionarthroplasty(andcauseof
revision),typeofarthroplasty(total,unicondylaror
patellofemoral),yearofarthroplastysurgeryandbrandof
thearthroplasty.Theinclusionprocedureisillustratedin
Figure1.Ofthe174patientsfoundeligibleforthecontrol
group,116(66.7%)consentedtoparticipateinthepresent
study.Thecharacteristicsoftheexposuregroupsare
summarizedinTable1.

Datacollection

Eachpatientinthecontrolgroupreceivedaquestion-
nairebypost,alongwiththeKneeInjuryandOsteo-
arthritisOutcomeScore(KOOS)[13],asthishasbeen
validatedforbothkneearthroplastyandFCLpatients
[14–16].Thecartilagecohorthadpreviouslycompleted
thesamequestionnaireregardingbodyheight,weight,
levelofeducation,kneefunction,levelofactivityand
anypreviouskneesurgery.Thekneearthroplasty
patientsofbothgroupshadcompletedtheirKOOS
scoresatminimum1‐yearpostsurgery.TheNARdoes
notcontaininformationonthetreatingsurgeon.

Statistics

Demographicdifferencesbetweenthepreviouscarti-
lagepatientsandthecontrolgroupwereassessed
usingtheStudentTtestandtheχ

2
test.
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detailsonthearthroplastyprocedurewereavailable,
andthepatientwasexcludedfromthepresentstudy.
Consequently,58patientswithkneearthroplasty
followingpreviousFCLswereincluded.
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Amatchedcontrolgroup(1:3)fromtheNARoperated
between1994and2020,wasrecruited,with174eligible
participantsidentified.PatientsintheNARregisteredas
deceased,havingrheumatoidarthritis,havinghada
previousFCLoranytypeofcartilagesurgery,ora
previousmulti‐ligamentousinjurywereexcludedpriorto
matching.TheFCLgroupandthecontrolgroupwerethen
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years),sex,primaryorrevisionarthroplasty(andcauseof
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thearthroplasty.Theinclusionprocedureisillustratedin
Figure1.Ofthe174patientsfoundeligibleforthecontrol
group,116(66.7%)consentedtoparticipateinthepresent
study.Thecharacteristicsoftheexposuregroupsare
summarizedinTable1.

Datacollection

Eachpatientinthecontrolgroupreceivedaquestion-
nairebypost,alongwiththeKneeInjuryandOsteo-
arthritisOutcomeScore(KOOS)[13],asthishasbeen
validatedforbothkneearthroplastyandFCLpatients
[14–16].Thecartilagecohorthadpreviouslycompleted
thesamequestionnaireregardingbodyheight,weight,
levelofeducation,kneefunction,levelofactivityand
anypreviouskneesurgery.Thekneearthroplasty
patientsofbothgroupshadcompletedtheirKOOS
scoresatminimum1‐yearpostsurgery.TheNARdoes
notcontaininformationonthetreatingsurgeon.
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nairebypost,alongwiththeKneeInjuryandOsteo-
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validatedforbothkneearthroplastyandFCLpatients
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thesamequestionnaireregardingbodyheight,weight,
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significantlyloweroddsofreachingthepatient‐acceptablesymptomstate
thresholdfortheKneeInjuryandOsteoarthritisOutcomesubscores.

LevelofEvidence:LevelIII.
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INTRODUCTION

Focalcartilagelesions(FCLs)inthekneeexhibitpoor
naturalhealingcapabilities[1]andmaysignificantly
reducequalityoflife(QoL)[2,3].Eveninsurgically
treatedFCLs,normalkneefunctionisoftennot
achieved[4].Theriskofkneearthroplastyinthe
youngerFCLpatientisgreater,regardlessofcartilage
treatmentstrategy[5].InNorway,morethan95%of
kneearthroplastieshavebeenreportedtotheNorwe-
gianArthroplastyRegister(NAR)since1994[6].
Previouskneeinjury,suchasFCL,significantly
increasestheriskoflaterosteoarthrosis[7,8].

Whilekneearthroplastygenerallyleadstoimprove-
mentsinfunctionandsatisfaction,irrespectiveofthetype
ofimplantused[9],arecentmeta‐analysis[10]foundthat
previouskneesurgeryisassociatedwithlowerpatient
satisfactionafterkneearthroplasty.Noneofthepatients
includedinthatanalysishadbeentreatedforFCL.Onlya
fewstudies[11,12],involvingalimitednumberof
patients,havereportedpatient‐reportedoutcomesafter
kneearthroplastyinindividualswithpreviousFCL.These
studieshaveseverallimitationssuchasonlyincluding
patientstreatedwithmicrofractureortheinclusionof
patientswithconcomitantmeniscalallograftsandthus
havelimitedexternalvalidity.Consequently,thepatient‐
reportedresultsofkneearthroplastyinpatientswith
previousFCLremainlargelyunknown.Theaimofthe
presentstudywasthustoexaminethepatient‐reported
resultsofkneearthroplastyfollowinganFCLand
comparetheseresultstoamatchednationalcohortof
kneearthroplastypatients.Thehypothesispositedthat
priorFCLdidnotinfluencepatient‐reportedoutcomes
afterkneearthroplasty.

METHODS

Cartilagecohort

Inapreviouslypublishedlong‐termfollow‐upof322
patientsoperatedbetween1999and2012insix
Norwegianhospitalswithanarthroscopicallyverified
FCLintheknee,59patientswithsubsequentknee
arthroplastywereidentified[5].FCLsurgerieswere
performedbyexperiencedcartilagesurgeons.The
meandurationfromFCLsurgerytokneearthroplasty

was12.7years.Inoneofthepatients,insufficient
detailsonthearthroplastyprocedurewereavailable,
andthepatientwasexcludedfromthepresentstudy.
Consequently,58patientswithkneearthroplasty
followingpreviousFCLswereincluded.

Controlcohort

Amatchedcontrolgroup(1:3)fromtheNARoperated
between1994and2020,wasrecruited,with174eligible
participantsidentified.PatientsintheNARregisteredas
deceased,havingrheumatoidarthritis,havinghada
previousFCLoranytypeofcartilagesurgery,ora
previousmulti‐ligamentousinjurywereexcludedpriorto
matching.TheFCLgroupandthecontrolgroupwerethen
matchedonthefollowingvariables:Yearofbirth(+/−10
years),sex,primaryorrevisionarthroplasty(andcauseof
revision),typeofarthroplasty(total,unicondylaror
patellofemoral),yearofarthroplastysurgeryandbrandof
thearthroplasty.Theinclusionprocedureisillustratedin
Figure1.Ofthe174patientsfoundeligibleforthecontrol
group,116(66.7%)consentedtoparticipateinthepresent
study.Thecharacteristicsoftheexposuregroupsare
summarizedinTable1.

Datacollection

Eachpatientinthecontrolgroupreceivedaquestion-
nairebypost,alongwiththeKneeInjuryandOsteo-
arthritisOutcomeScore(KOOS)[13],asthishasbeen
validatedforbothkneearthroplastyandFCLpatients
[14–16].Thecartilagecohorthadpreviouslycompleted
thesamequestionnaireregardingbodyheight,weight,
levelofeducation,kneefunction,levelofactivityand
anypreviouskneesurgery.Thekneearthroplasty
patientsofbothgroupshadcompletedtheirKOOS
scoresatminimum1‐yearpostsurgery.TheNARdoes
notcontaininformationonthetreatingsurgeon.

Statistics

Demographicdifferencesbetweenthepreviouscarti-
lagepatientsandthecontrolgroupwereassessed
usingtheStudentTtestandtheχ

2
test.
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Multiple linear regression models were employed
to analyse the differences in KOOS subscores
between the previous cartilage patients and the
patients from the control group. The models were
adjusted for the following variables: sex, age at the
time of arthroplasty surgery, level of education,
primary or revision arthroplasty, type of arthroplasty,
body mass index (BMI) group and any additional
knee surgery before arthroplasty surgery, except
cartilage surgery or purely diagnostic arthroscopy.
The continuous variables in the model were eval-
uated and linear correlations were found.

Logistic regression models were utilized to estimate
the odds of not reaching the patient acceptable
symptom state (PASS) for each KOOS subscore.
These models were adjusted with the same variables
as the multiple regression models. The PASS score for
KOOS subscores at 3 years follow‐up after knee
arthroplasty reported by Connelly et al. [17], with a
threshold of a KOOS Symptoms score of 84.0, KOOS
Pain 87.5, KOOS activities of daily living (ADL) 87.5,
and KOOS QoL 66.0 was used. A p < 0.05 was
regarded as statistically significant. The data were
analysed using STATA 17 (StataCorp).

Power analysis

Prior to enrolment, a power analysis was performed. To
achieve an 80% chance of detecting a significant
difference of 10 points in KOOS subscales between the
exposure groups with an assumed standard deviation of
20, 64 patients in each group were required. A 10‐point
difference was selected as the minimal clinically important
difference, as suggested by the developers of the KOOS
score [13].

RESULTS

The mean follow‐up from the knee arthroplasty to the
reporting of KOOS scores by the participants was
7.6 years (range 1.2–20.3) in the cartilage cohort and
8.1 (range 1.0–20.9) in the control group. Osteo-
arthritis was reported as the indication for the knee
arthroplasty surgeries in all participants in the study
population. All 11 patients (knees) with patellofemoral
or unicompartmental knee arthroplasty had received
knee arthroplasty in the same compartment where the
previous FCL were located. None of the patients had

F IGURE 1 Flowchart illustrating the inclusion of participants. FCL, focal cartilage lesion; KA, knee arthroplasty.
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Multiplelinearregressionmodelswereemployed
toanalysethedifferencesinKOOSsubscores
betweenthepreviouscartilagepatientsandthe
patientsfromthecontrolgroup.Themodelswere
adjustedforthefollowingvariables:sex,ageatthe
timeofarthroplastysurgery,levelofeducation,
primaryorrevisionarthroplasty,typeofarthroplasty,
bodymassindex(BMI)groupandanyadditional
kneesurgerybeforearthroplastysurgery,except
cartilagesurgeryorpurelydiagnosticarthroscopy.
Thecontinuousvariablesinthemodelwereeval-
uatedandlinearcorrelationswerefound.

Logisticregressionmodelswereutilizedtoestimate
theoddsofnotreachingthepatientacceptable
symptomstate(PASS)foreachKOOSsubscore.
Thesemodelswereadjustedwiththesamevariables
asthemultipleregressionmodels.ThePASSscorefor
KOOSsubscoresat3yearsfollow‐upafterknee
arthroplastyreportedbyConnellyetal.[17],witha
thresholdofaKOOSSymptomsscoreof84.0,KOOS
Pain87.5,KOOSactivitiesofdailyliving(ADL)87.5,
andKOOSQoL66.0wasused.Ap<0.05was
regardedasstatisticallysignificant.Thedatawere
analysedusingSTATA17(StataCorp).

Poweranalysis

Priortoenrolment,apoweranalysiswasperformed.To
achievean80%chanceofdetectingasignificant
differenceof10pointsinKOOSsubscalesbetweenthe
exposuregroupswithanassumedstandarddeviationof
20,64patientsineachgroupwererequired.A10‐point
differencewasselectedastheminimalclinicallyimportant
difference,assuggestedbythedevelopersoftheKOOS
score[13].

RESULTS

Themeanfollow‐upfromthekneearthroplastytothe
reportingofKOOSscoresbytheparticipantswas
7.6years(range1.2–20.3)inthecartilagecohortand
8.1(range1.0–20.9)inthecontrolgroup.Osteo-
arthritiswasreportedastheindicationfortheknee
arthroplastysurgeriesinallparticipantsinthestudy
population.All11patients(knees)withpatellofemoral
orunicompartmentalkneearthroplastyhadreceived
kneearthroplastyinthesamecompartmentwherethe
previousFCLwerelocated.Noneofthepatientshad

FIGURE1Flowchartillustratingtheinclusionofparticipants.FCL,focalcartilagelesion;KA,kneearthroplasty.
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patientsfromthecontrolgroup.Themodelswere
adjustedforthefollowingvariables:sex,ageatthe
timeofarthroplastysurgery,levelofeducation,
primaryorrevisionarthroplasty,typeofarthroplasty,
bodymassindex(BMI)groupandanyadditional
kneesurgerybeforearthroplastysurgery,except
cartilagesurgeryorpurelydiagnosticarthroscopy.
Thecontinuousvariablesinthemodelwereeval-
uatedandlinearcorrelationswerefound.

Logisticregressionmodelswereutilizedtoestimate
theoddsofnotreachingthepatientacceptable
symptomstate(PASS)foreachKOOSsubscore.
Thesemodelswereadjustedwiththesamevariables
asthemultipleregressionmodels.ThePASSscorefor
KOOSsubscoresat3yearsfollow‐upafterknee
arthroplastyreportedbyConnellyetal.[17],witha
thresholdofaKOOSSymptomsscoreof84.0,KOOS
Pain87.5,KOOSactivitiesofdailyliving(ADL)87.5,
andKOOSQoL66.0wasused.Ap<0.05was
regardedasstatisticallysignificant.Thedatawere
analysedusingSTATA17(StataCorp).

Poweranalysis

Priortoenrolment,apoweranalysiswasperformed.To
achievean80%chanceofdetectingasignificant
differenceof10pointsinKOOSsubscalesbetweenthe
exposuregroupswithanassumedstandarddeviationof
20,64patientsineachgroupwererequired.A10‐point
differencewasselectedastheminimalclinicallyimportant
difference,assuggestedbythedevelopersoftheKOOS
score[13].

RESULTS

Themeanfollow‐upfromthekneearthroplastytothe
reportingofKOOSscoresbytheparticipantswas
7.6years(range1.2–20.3)inthecartilagecohortand
8.1(range1.0–20.9)inthecontrolgroup.Osteo-
arthritiswasreportedastheindicationfortheknee
arthroplastysurgeriesinallparticipantsinthestudy
population.All11patients(knees)withpatellofemoral
orunicompartmentalkneearthroplastyhadreceived
kneearthroplastyinthesamecompartmentwherethe
previousFCLwerelocated.Noneofthepatientshad

FIGURE1Flowchartillustratingtheinclusionofparticipants.FCL,focalcartilagelesion;KA,kneearthroplasty.
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Multiple linear regression models were employed
to analyse the differences in KOOS subscores
between the previous cartilage patients and the
patients from the control group. The models were
adjusted for the following variables: sex, age at the
time of arthroplasty surgery, level of education,
primary or revision arthroplasty, type of arthroplasty,
body mass index (BMI) group and any additional
knee surgery before arthroplasty surgery, except
cartilage surgery or purely diagnostic arthroscopy.
The continuous variables in the model were eval-
uated and linear correlations were found.

Logistic regression models were utilized to estimate
the odds of not reaching the patient acceptable
symptom state (PASS) for each KOOS subscore.
These models were adjusted with the same variables
as the multiple regression models. The PASS score for
KOOS subscores at 3 years follow‐up after knee
arthroplasty reported by Connelly et al. [17], with a
threshold of a KOOS Symptoms score of 84.0, KOOS
Pain 87.5, KOOS activities of daily living (ADL) 87.5,
and KOOS QoL 66.0 was used. A p < 0.05 was
regarded as statistically significant. The data were
analysed using STATA 17 (StataCorp).

Power analysis

Prior to enrolment, a power analysis was performed. To
achieve an 80% chance of detecting a significant
difference of 10 points in KOOS subscales between the
exposure groups with an assumed standard deviation of
20, 64 patients in each group were required. A 10‐point
difference was selected as the minimal clinically important
difference, as suggested by the developers of the KOOS
score [13].

RESULTS

The mean follow‐up from the knee arthroplasty to the
reporting of KOOS scores by the participants was
7.6 years (range 1.2–20.3) in the cartilage cohort and
8.1 (range 1.0–20.9) in the control group. Osteo-
arthritis was reported as the indication for the knee
arthroplasty surgeries in all participants in the study
population. All 11 patients (knees) with patellofemoral
or unicompartmental knee arthroplasty had received
knee arthroplasty in the same compartment where the
previous FCL were located. None of the patients had

F IGURE 1 Flowchart illustrating the inclusion of participants. FCL, focal cartilage lesion; KA, knee arthroplasty.
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Multiple linear regression models were employed
to analyse the differences in KOOS subscores
between the previous cartilage patients and the
patients from the control group. The models were
adjusted for the following variables: sex, age at the
time of arthroplasty surgery, level of education,
primary or revision arthroplasty, type of arthroplasty,
body mass index (BMI) group and any additional
knee surgery before arthroplasty surgery, except
cartilage surgery or purely diagnostic arthroscopy.
The continuous variables in the model were eval-
uated and linear correlations were found.

Logistic regression models were utilized to estimate
the odds of not reaching the patient acceptable
symptom state (PASS) for each KOOS subscore.
These models were adjusted with the same variables
as the multiple regression models. The PASS score for
KOOS subscores at 3 years follow‐up after knee
arthroplasty reported by Connelly et al. [17], with a
threshold of a KOOS Symptoms score of 84.0, KOOS
Pain 87.5, KOOS activities of daily living (ADL) 87.5,
and KOOS QoL 66.0 was used. A p < 0.05 was
regarded as statistically significant. The data were
analysed using STATA 17 (StataCorp).

Power analysis

Prior to enrolment, a power analysis was performed. To
achieve an 80% chance of detecting a significant
difference of 10 points in KOOS subscales between the
exposure groups with an assumed standard deviation of
20, 64 patients in each group were required. A 10‐point
difference was selected as the minimal clinically important
difference, as suggested by the developers of the KOOS
score [13].

RESULTS

The mean follow‐up from the knee arthroplasty to the
reporting of KOOS scores by the participants was
7.6 years (range 1.2–20.3) in the cartilage cohort and
8.1 (range 1.0–20.9) in the control group. Osteo-
arthritis was reported as the indication for the knee
arthroplasty surgeries in all participants in the study
population. All 11 patients (knees) with patellofemoral
or unicompartmental knee arthroplasty had received
knee arthroplasty in the same compartment where the
previous FCL were located. None of the patients had

F IGURE 1 Flowchart illustrating the inclusion of participants. FCL, focal cartilage lesion; KA, knee arthroplasty.
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Multiplelinearregressionmodelswereemployed
toanalysethedifferencesinKOOSsubscores
betweenthepreviouscartilagepatientsandthe
patientsfromthecontrolgroup.Themodelswere
adjustedforthefollowingvariables:sex,ageatthe
timeofarthroplastysurgery,levelofeducation,
primaryorrevisionarthroplasty,typeofarthroplasty,
bodymassindex(BMI)groupandanyadditional
kneesurgerybeforearthroplastysurgery,except
cartilagesurgeryorpurelydiagnosticarthroscopy.
Thecontinuousvariablesinthemodelwereeval-
uatedandlinearcorrelationswerefound.

Logisticregressionmodelswereutilizedtoestimate
theoddsofnotreachingthepatientacceptable
symptomstate(PASS)foreachKOOSsubscore.
Thesemodelswereadjustedwiththesamevariables
asthemultipleregressionmodels.ThePASSscorefor
KOOSsubscoresat3yearsfollow‐upafterknee
arthroplastyreportedbyConnellyetal.[17],witha
thresholdofaKOOSSymptomsscoreof84.0,KOOS
Pain87.5,KOOSactivitiesofdailyliving(ADL)87.5,
andKOOSQoL66.0wasused.Ap<0.05was
regardedasstatisticallysignificant.Thedatawere
analysedusingSTATA17(StataCorp).

Poweranalysis

Priortoenrolment,apoweranalysiswasperformed.To
achievean80%chanceofdetectingasignificant
differenceof10pointsinKOOSsubscalesbetweenthe
exposuregroupswithanassumedstandarddeviationof
20,64patientsineachgroupwererequired.A10‐point
differencewasselectedastheminimalclinicallyimportant
difference,assuggestedbythedevelopersoftheKOOS
score[13].

RESULTS

Themeanfollow‐upfromthekneearthroplastytothe
reportingofKOOSscoresbytheparticipantswas
7.6years(range1.2–20.3)inthecartilagecohortand
8.1(range1.0–20.9)inthecontrolgroup.Osteo-
arthritiswasreportedastheindicationfortheknee
arthroplastysurgeriesinallparticipantsinthestudy
population.All11patients(knees)withpatellofemoral
orunicompartmentalkneearthroplastyhadreceived
kneearthroplastyinthesamecompartmentwherethe
previousFCLwerelocated.Noneofthepatientshad

FIGURE1Flowchartillustratingtheinclusionofparticipants.FCL,focalcartilagelesion;KA,kneearthroplasty.
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Multiplelinearregressionmodelswereemployed
toanalysethedifferencesinKOOSsubscores
betweenthepreviouscartilagepatientsandthe
patientsfromthecontrolgroup.Themodelswere
adjustedforthefollowingvariables:sex,ageatthe
timeofarthroplastysurgery,levelofeducation,
primaryorrevisionarthroplasty,typeofarthroplasty,
bodymassindex(BMI)groupandanyadditional
kneesurgerybeforearthroplastysurgery,except
cartilagesurgeryorpurelydiagnosticarthroscopy.
Thecontinuousvariablesinthemodelwereeval-
uatedandlinearcorrelationswerefound.

Logisticregressionmodelswereutilizedtoestimate
theoddsofnotreachingthepatientacceptable
symptomstate(PASS)foreachKOOSsubscore.
Thesemodelswereadjustedwiththesamevariables
asthemultipleregressionmodels.ThePASSscorefor
KOOSsubscoresat3yearsfollow‐upafterknee
arthroplastyreportedbyConnellyetal.[17],witha
thresholdofaKOOSSymptomsscoreof84.0,KOOS
Pain87.5,KOOSactivitiesofdailyliving(ADL)87.5,
andKOOSQoL66.0wasused.Ap<0.05was
regardedasstatisticallysignificant.Thedatawere
analysedusingSTATA17(StataCorp).

Poweranalysis

Priortoenrolment,apoweranalysiswasperformed.To
achievean80%chanceofdetectingasignificant
differenceof10pointsinKOOSsubscalesbetweenthe
exposuregroupswithanassumedstandarddeviationof
20,64patientsineachgroupwererequired.A10‐point
differencewasselectedastheminimalclinicallyimportant
difference,assuggestedbythedevelopersoftheKOOS
score[13].

RESULTS

Themeanfollow‐upfromthekneearthroplastytothe
reportingofKOOSscoresbytheparticipantswas
7.6years(range1.2–20.3)inthecartilagecohortand
8.1(range1.0–20.9)inthecontrolgroup.Osteo-
arthritiswasreportedastheindicationfortheknee
arthroplastysurgeriesinallparticipantsinthestudy
population.All11patients(knees)withpatellofemoral
orunicompartmentalkneearthroplastyhadreceived
kneearthroplastyinthesamecompartmentwherethe
previousFCLwerelocated.Noneofthepatientshad

FIGURE1Flowchartillustratingtheinclusionofparticipants.FCL,focalcartilagelesion;KA,kneearthroplasty.
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Multiplelinearregressionmodelswereemployed
toanalysethedifferencesinKOOSsubscores
betweenthepreviouscartilagepatientsandthe
patientsfromthecontrolgroup.Themodelswere
adjustedforthefollowingvariables:sex,ageatthe
timeofarthroplastysurgery,levelofeducation,
primaryorrevisionarthroplasty,typeofarthroplasty,
bodymassindex(BMI)groupandanyadditional
kneesurgerybeforearthroplastysurgery,except
cartilagesurgeryorpurelydiagnosticarthroscopy.
Thecontinuousvariablesinthemodelwereeval-
uatedandlinearcorrelationswerefound.

Logisticregressionmodelswereutilizedtoestimate
theoddsofnotreachingthepatientacceptable
symptomstate(PASS)foreachKOOSsubscore.
Thesemodelswereadjustedwiththesamevariables
asthemultipleregressionmodels.ThePASSscorefor
KOOSsubscoresat3yearsfollow‐upafterknee
arthroplastyreportedbyConnellyetal.[17],witha
thresholdofaKOOSSymptomsscoreof84.0,KOOS
Pain87.5,KOOSactivitiesofdailyliving(ADL)87.5,
andKOOSQoL66.0wasused.Ap<0.05was
regardedasstatisticallysignificant.Thedatawere
analysedusingSTATA17(StataCorp).

Poweranalysis

Priortoenrolment,apoweranalysiswasperformed.To
achievean80%chanceofdetectingasignificant
differenceof10pointsinKOOSsubscalesbetweenthe
exposuregroupswithanassumedstandarddeviationof
20,64patientsineachgroupwererequired.A10‐point
differencewasselectedastheminimalclinicallyimportant
difference,assuggestedbythedevelopersoftheKOOS
score[13].

RESULTS

Themeanfollow‐upfromthekneearthroplastytothe
reportingofKOOSscoresbytheparticipantswas
7.6years(range1.2–20.3)inthecartilagecohortand
8.1(range1.0–20.9)inthecontrolgroup.Osteo-
arthritiswasreportedastheindicationfortheknee
arthroplastysurgeriesinallparticipantsinthestudy
population.All11patients(knees)withpatellofemoral
orunicompartmentalkneearthroplastyhadreceived
kneearthroplastyinthesamecompartmentwherethe
previousFCLwerelocated.Noneofthepatientshad

FIGURE1Flowchartillustratingtheinclusionofparticipants.FCL,focalcartilagelesion;KA,kneearthroplasty.
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Multiplelinearregressionmodelswereemployed
toanalysethedifferencesinKOOSsubscores
betweenthepreviouscartilagepatientsandthe
patientsfromthecontrolgroup.Themodelswere
adjustedforthefollowingvariables:sex,ageatthe
timeofarthroplastysurgery,levelofeducation,
primaryorrevisionarthroplasty,typeofarthroplasty,
bodymassindex(BMI)groupandanyadditional
kneesurgerybeforearthroplastysurgery,except
cartilagesurgeryorpurelydiagnosticarthroscopy.
Thecontinuousvariablesinthemodelwereeval-
uatedandlinearcorrelationswerefound.

Logisticregressionmodelswereutilizedtoestimate
theoddsofnotreachingthepatientacceptable
symptomstate(PASS)foreachKOOSsubscore.
Thesemodelswereadjustedwiththesamevariables
asthemultipleregressionmodels.ThePASSscorefor
KOOSsubscoresat3yearsfollow‐upafterknee
arthroplastyreportedbyConnellyetal.[17],witha
thresholdofaKOOSSymptomsscoreof84.0,KOOS
Pain87.5,KOOSactivitiesofdailyliving(ADL)87.5,
andKOOSQoL66.0wasused.Ap<0.05was
regardedasstatisticallysignificant.Thedatawere
analysedusingSTATA17(StataCorp).

Poweranalysis

Priortoenrolment,apoweranalysiswasperformed.To
achievean80%chanceofdetectingasignificant
differenceof10pointsinKOOSsubscalesbetweenthe
exposuregroupswithanassumedstandarddeviationof
20,64patientsineachgroupwererequired.A10‐point
differencewasselectedastheminimalclinicallyimportant
difference,assuggestedbythedevelopersoftheKOOS
score[13].

RESULTS

Themeanfollow‐upfromthekneearthroplastytothe
reportingofKOOSscoresbytheparticipantswas
7.6years(range1.2–20.3)inthecartilagecohortand
8.1(range1.0–20.9)inthecontrolgroup.Osteo-
arthritiswasreportedastheindicationfortheknee
arthroplastysurgeriesinallparticipantsinthestudy
population.All11patients(knees)withpatellofemoral
orunicompartmentalkneearthroplastyhadreceived
kneearthroplastyinthesamecompartmentwherethe
previousFCLwerelocated.Noneofthepatientshad

FIGURE1Flowchartillustratingtheinclusionofparticipants.FCL,focalcartilagelesion;KA,kneearthroplasty.
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received focal inlay implants. Patients in the FCL
group were significantly younger at the questionnaire
follow‐up and at the time of knee arthroplasty
(Table 1). The FCL cohort had significantly more
knees with revision arthroplasties (p = 0.001), more
previous knee surgeries in addition to the previous

cartilage surgery (p < 0.001) and a higher level of
education (p = 0.03). No significant differences
between the groups in the distribution of sex, BMI,
follow‐up time, or type of arthroplasty were observed.

The KOOS subscores for the arthroplasty patients from
the cartilage cohort and the control group are presented in

TABLE 1 Demographics and descriptive statistics.

Frequency or meana

p
KA after focal cartilage
lesion Control group

Knees 58 116

Male/female 29 (50.0%)/29 (50.0%) 62 (53.5%)/54 (46.6%) 0.7

Right/left knee 32 (55.2%)/26 (44.8%) 110 (94.8%)/6 (5.2%) <0.001

Age at the time of KA surgery 54.3 (51.6–57.0) 59.0 (57.3–60.7) 0.003

Age at follow‐up 61.9 (59.2–64.5) 67.1 (65.4–68.8) <0.001

Years from arthroplasty surgery
to end of study

7.6 (6.1–9.1) 8.1 (7.1–9.0) 0.6

Level of education

High school 32 (59.3%) 87 (75.7%) 0.03

Bachelor's/Master's degree 22 (40.7%) 28 (24.3%) 0.5

Body mass index (BMI) at
follow‐up

29.5 (28.3–30.7) 30.0 (29.1–30.9)

<25 7 (13.4%) 12 (11.0%)

25–29 26 (50.0%) 55 (50.5%) 0.9

≥30 19 (36.5%) 42 (38.5%)

Previous ACL reconstruction in ipsilateral knee

Yes 8 (13.8%) 1 (0.9%)

No 50 (86.2%) 115 (99.1%) <0.001

Previous meniscal resection in ipsilateral knee

Yes 17 (29.3%) 20 (17.2%)

No 41 (70.7%) 96 (82.8%) 0.04

Previous ipsilateral osteotomy 1 (1.7%) 1 (0.9%) 0.6

Any previous knee surgery except cartilage surgery

Yes 33 (56.9%) 29 (25.0%) <0.001

No 25 (43.1%) 87 (75.0%)

Type of knee arthroplasty

Unicompartmental 8 (13.8%) 22 (19.1%)

Patellofemoral 3 (5.2%) 4 (3.5%)

Total KA 42 (72.4%) 76 (66.1%) 0.7

Total KA with patella 5 (8.6%) 13 (11.3%)

Primary knee arthroplasty 45 (77.6%) 109 (94%) 0.001

Revision knee arthroplasty 13 (22.4%) 7 (6%)

Abbreviations: ACL, anterior cruciate ligament; KA, knee arthroplasty.
aPercentage or 95% confidence interval in parenthesis.
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receivedfocalinlayimplants.PatientsintheFCL
groupweresignificantlyyoungeratthequestionnaire
follow‐upandatthetimeofkneearthroplasty
(Table1).TheFCLcohorthadsignificantlymore
kneeswithrevisionarthroplasties(p=0.001),more
previouskneesurgeriesinadditiontotheprevious

cartilagesurgery(p<0.001)andahigherlevelof
education(p=0.03).Nosignificantdifferences
betweenthegroupsinthedistributionofsex,BMI,
follow‐uptime,ortypeofarthroplastywereobserved.

TheKOOSsubscoresforthearthroplastypatientsfrom
thecartilagecohortandthecontrolgrouparepresentedin

TABLE1Demographicsanddescriptivestatistics.

Frequencyormeana

p
KAafterfocalcartilage
lesionControlgroup

Knees58116

Male/female29(50.0%)/29(50.0%)62(53.5%)/54(46.6%)0.7

Right/leftknee32(55.2%)/26(44.8%)110(94.8%)/6(5.2%)<0.001

AgeatthetimeofKAsurgery54.3(51.6–57.0)59.0(57.3–60.7)0.003

Ageatfollow‐up61.9(59.2–64.5)67.1(65.4–68.8)<0.001

Yearsfromarthroplastysurgery
toendofstudy

7.6(6.1–9.1)8.1(7.1–9.0)0.6

Levelofeducation

Highschool32(59.3%)87(75.7%)0.03

Bachelor's/Master'sdegree22(40.7%)28(24.3%)0.5

Bodymassindex(BMI)at
follow‐up

29.5(28.3–30.7)30.0(29.1–30.9)

<257(13.4%)12(11.0%)

25–2926(50.0%)55(50.5%)0.9

≥3019(36.5%)42(38.5%)

PreviousACLreconstructioninipsilateralknee

Yes8(13.8%)1(0.9%)

No50(86.2%)115(99.1%)<0.001

Previousmeniscalresectioninipsilateralknee

Yes17(29.3%)20(17.2%)

No41(70.7%)96(82.8%)0.04

Previousipsilateralosteotomy1(1.7%)1(0.9%)0.6

Anypreviouskneesurgeryexceptcartilagesurgery

Yes33(56.9%)29(25.0%)<0.001

No25(43.1%)87(75.0%)

Typeofkneearthroplasty

Unicompartmental8(13.8%)22(19.1%)

Patellofemoral3(5.2%)4(3.5%)

TotalKA42(72.4%)76(66.1%)0.7

TotalKAwithpatella5(8.6%)13(11.3%)

Primarykneearthroplasty45(77.6%)109(94%)0.001

Revisionkneearthroplasty13(22.4%)7(6%)

Abbreviations:ACL,anteriorcruciateligament;KA,kneearthroplasty.
aPercentageor95%confidenceintervalinparenthesis.
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receivedfocalinlayimplants.PatientsintheFCL
groupweresignificantlyyoungeratthequestionnaire
follow‐upandatthetimeofkneearthroplasty
(Table1).TheFCLcohorthadsignificantlymore
kneeswithrevisionarthroplasties(p=0.001),more
previouskneesurgeriesinadditiontotheprevious

cartilagesurgery(p<0.001)andahigherlevelof
education(p=0.03).Nosignificantdifferences
betweenthegroupsinthedistributionofsex,BMI,
follow‐uptime,ortypeofarthroplastywereobserved.

TheKOOSsubscoresforthearthroplastypatientsfrom
thecartilagecohortandthecontrolgrouparepresentedin

TABLE1Demographicsanddescriptivestatistics.

Frequencyormeana

p
KAafterfocalcartilage
lesionControlgroup

Knees58116

Male/female29(50.0%)/29(50.0%)62(53.5%)/54(46.6%)0.7

Right/leftknee32(55.2%)/26(44.8%)110(94.8%)/6(5.2%)<0.001

AgeatthetimeofKAsurgery54.3(51.6–57.0)59.0(57.3–60.7)0.003

Ageatfollow‐up61.9(59.2–64.5)67.1(65.4–68.8)<0.001

Yearsfromarthroplastysurgery
toendofstudy

7.6(6.1–9.1)8.1(7.1–9.0)0.6

Levelofeducation

Highschool32(59.3%)87(75.7%)0.03

Bachelor's/Master'sdegree22(40.7%)28(24.3%)0.5

Bodymassindex(BMI)at
follow‐up

29.5(28.3–30.7)30.0(29.1–30.9)

<257(13.4%)12(11.0%)

25–2926(50.0%)55(50.5%)0.9

≥3019(36.5%)42(38.5%)

PreviousACLreconstructioninipsilateralknee

Yes8(13.8%)1(0.9%)

No50(86.2%)115(99.1%)<0.001

Previousmeniscalresectioninipsilateralknee

Yes17(29.3%)20(17.2%)

No41(70.7%)96(82.8%)0.04

Previousipsilateralosteotomy1(1.7%)1(0.9%)0.6

Anypreviouskneesurgeryexceptcartilagesurgery

Yes33(56.9%)29(25.0%)<0.001

No25(43.1%)87(75.0%)

Typeofkneearthroplasty

Unicompartmental8(13.8%)22(19.1%)

Patellofemoral3(5.2%)4(3.5%)

TotalKA42(72.4%)76(66.1%)0.7

TotalKAwithpatella5(8.6%)13(11.3%)

Primarykneearthroplasty45(77.6%)109(94%)0.001

Revisionkneearthroplasty13(22.4%)7(6%)

Abbreviations:ACL,anteriorcruciateligament;KA,kneearthroplasty.
aPercentageor95%confidenceintervalinparenthesis.
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received focal inlay implants. Patients in the FCL
group were significantly younger at the questionnaire
follow‐up and at the time of knee arthroplasty
(Table 1). The FCL cohort had significantly more
knees with revision arthroplasties (p = 0.001), more
previous knee surgeries in addition to the previous

cartilage surgery (p < 0.001) and a higher level of
education (p = 0.03). No significant differences
between the groups in the distribution of sex, BMI,
follow‐up time, or type of arthroplasty were observed.

The KOOS subscores for the arthroplasty patients from
the cartilage cohort and the control group are presented in

TABLE 1 Demographics and descriptive statistics.

Frequency or mean
a

p
KA after focal cartilage
lesion Control group

Knees 58 116

Male/female 29 (50.0%)/29 (50.0%) 62 (53.5%)/54 (46.6%) 0.7

Right/left knee 32 (55.2%)/26 (44.8%) 110 (94.8%)/6 (5.2%) <0.001

Age at the time of KA surgery 54.3 (51.6–57.0) 59.0 (57.3–60.7) 0.003

Age at follow‐up 61.9 (59.2–64.5) 67.1 (65.4–68.8) <0.001

Years from arthroplasty surgery
to end of study

7.6 (6.1–9.1) 8.1 (7.1–9.0) 0.6

Level of education

High school 32 (59.3%) 87 (75.7%) 0.03

Bachelor's/Master's degree 22 (40.7%) 28 (24.3%) 0.5

Body mass index (BMI) at
follow‐up

29.5 (28.3–30.7) 30.0 (29.1–30.9)

<25 7 (13.4%) 12 (11.0%)

25–29 26 (50.0%) 55 (50.5%) 0.9

≥30 19 (36.5%) 42 (38.5%)

Previous ACL reconstruction in ipsilateral knee

Yes 8 (13.8%) 1 (0.9%)

No 50 (86.2%) 115 (99.1%) <0.001

Previous meniscal resection in ipsilateral knee

Yes 17 (29.3%) 20 (17.2%)

No 41 (70.7%) 96 (82.8%) 0.04

Previous ipsilateral osteotomy 1 (1.7%) 1 (0.9%) 0.6

Any previous knee surgery except cartilage surgery

Yes 33 (56.9%) 29 (25.0%) <0.001

No 25 (43.1%) 87 (75.0%)

Type of knee arthroplasty

Unicompartmental 8 (13.8%) 22 (19.1%)

Patellofemoral 3 (5.2%) 4 (3.5%)

Total KA 42 (72.4%) 76 (66.1%) 0.7

Total KA with patella 5 (8.6%) 13 (11.3%)

Primary knee arthroplasty 45 (77.6%) 109 (94%) 0.001

Revision knee arthroplasty 13 (22.4%) 7 (6%)

Abbreviations: ACL, anterior cruciate ligament; KA, knee arthroplasty.
a
Percentage or 95% confidence interval in parenthesis.
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received focal inlay implants. Patients in the FCL
group were significantly younger at the questionnaire
follow‐up and at the time of knee arthroplasty
(Table 1). The FCL cohort had significantly more
knees with revision arthroplasties (p = 0.001), more
previous knee surgeries in addition to the previous

cartilage surgery (p < 0.001) and a higher level of
education (p = 0.03). No significant differences
between the groups in the distribution of sex, BMI,
follow‐up time, or type of arthroplasty were observed.

The KOOS subscores for the arthroplasty patients from
the cartilage cohort and the control group are presented in

TABLE 1 Demographics and descriptive statistics.

Frequency or mean
a

p
KA after focal cartilage
lesion Control group

Knees 58 116

Male/female 29 (50.0%)/29 (50.0%) 62 (53.5%)/54 (46.6%) 0.7

Right/left knee 32 (55.2%)/26 (44.8%) 110 (94.8%)/6 (5.2%) <0.001

Age at the time of KA surgery 54.3 (51.6–57.0) 59.0 (57.3–60.7) 0.003

Age at follow‐up 61.9 (59.2–64.5) 67.1 (65.4–68.8) <0.001

Years from arthroplasty surgery
to end of study

7.6 (6.1–9.1) 8.1 (7.1–9.0) 0.6

Level of education

High school 32 (59.3%) 87 (75.7%) 0.03

Bachelor's/Master's degree 22 (40.7%) 28 (24.3%) 0.5

Body mass index (BMI) at
follow‐up

29.5 (28.3–30.7) 30.0 (29.1–30.9)

<25 7 (13.4%) 12 (11.0%)

25–29 26 (50.0%) 55 (50.5%) 0.9

≥30 19 (36.5%) 42 (38.5%)

Previous ACL reconstruction in ipsilateral knee

Yes 8 (13.8%) 1 (0.9%)

No 50 (86.2%) 115 (99.1%) <0.001

Previous meniscal resection in ipsilateral knee

Yes 17 (29.3%) 20 (17.2%)

No 41 (70.7%) 96 (82.8%) 0.04

Previous ipsilateral osteotomy 1 (1.7%) 1 (0.9%) 0.6

Any previous knee surgery except cartilage surgery

Yes 33 (56.9%) 29 (25.0%) <0.001

No 25 (43.1%) 87 (75.0%)

Type of knee arthroplasty

Unicompartmental 8 (13.8%) 22 (19.1%)

Patellofemoral 3 (5.2%) 4 (3.5%)

Total KA 42 (72.4%) 76 (66.1%) 0.7

Total KA with patella 5 (8.6%) 13 (11.3%)

Primary knee arthroplasty 45 (77.6%) 109 (94%) 0.001

Revision knee arthroplasty 13 (22.4%) 7 (6%)

Abbreviations: ACL, anterior cruciate ligament; KA, knee arthroplasty.
a
Percentage or 95% confidence interval in parenthesis.
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receivedfocalinlayimplants.PatientsintheFCL
groupweresignificantlyyoungeratthequestionnaire
follow‐upandatthetimeofkneearthroplasty
(Table1).TheFCLcohorthadsignificantlymore
kneeswithrevisionarthroplasties(p=0.001),more
previouskneesurgeriesinadditiontotheprevious

cartilagesurgery(p<0.001)andahigherlevelof
education(p=0.03).Nosignificantdifferences
betweenthegroupsinthedistributionofsex,BMI,
follow‐uptime,ortypeofarthroplastywereobserved.

TheKOOSsubscoresforthearthroplastypatientsfrom
thecartilagecohortandthecontrolgrouparepresentedin

TABLE1Demographicsanddescriptivestatistics.

Frequencyormean
a

p
KAafterfocalcartilage
lesionControlgroup

Knees58116

Male/female29(50.0%)/29(50.0%)62(53.5%)/54(46.6%)0.7

Right/leftknee32(55.2%)/26(44.8%)110(94.8%)/6(5.2%)<0.001

AgeatthetimeofKAsurgery54.3(51.6–57.0)59.0(57.3–60.7)0.003

Ageatfollow‐up61.9(59.2–64.5)67.1(65.4–68.8)<0.001

Yearsfromarthroplastysurgery
toendofstudy

7.6(6.1–9.1)8.1(7.1–9.0)0.6

Levelofeducation

Highschool32(59.3%)87(75.7%)0.03

Bachelor's/Master'sdegree22(40.7%)28(24.3%)0.5

Bodymassindex(BMI)at
follow‐up

29.5(28.3–30.7)30.0(29.1–30.9)

<257(13.4%)12(11.0%)

25–2926(50.0%)55(50.5%)0.9

≥3019(36.5%)42(38.5%)

PreviousACLreconstructioninipsilateralknee

Yes8(13.8%)1(0.9%)

No50(86.2%)115(99.1%)<0.001

Previousmeniscalresectioninipsilateralknee

Yes17(29.3%)20(17.2%)

No41(70.7%)96(82.8%)0.04

Previousipsilateralosteotomy1(1.7%)1(0.9%)0.6

Anypreviouskneesurgeryexceptcartilagesurgery

Yes33(56.9%)29(25.0%)<0.001

No25(43.1%)87(75.0%)

Typeofkneearthroplasty

Unicompartmental8(13.8%)22(19.1%)

Patellofemoral3(5.2%)4(3.5%)

TotalKA42(72.4%)76(66.1%)0.7

TotalKAwithpatella5(8.6%)13(11.3%)

Primarykneearthroplasty45(77.6%)109(94%)0.001

Revisionkneearthroplasty13(22.4%)7(6%)

Abbreviations:ACL,anteriorcruciateligament;KA,kneearthroplasty.
a
Percentageor95%confidenceintervalinparenthesis.
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receivedfocalinlayimplants.PatientsintheFCL
groupweresignificantlyyoungeratthequestionnaire
follow‐upandatthetimeofkneearthroplasty
(Table1).TheFCLcohorthadsignificantlymore
kneeswithrevisionarthroplasties(p=0.001),more
previouskneesurgeriesinadditiontotheprevious

cartilagesurgery(p<0.001)andahigherlevelof
education(p=0.03).Nosignificantdifferences
betweenthegroupsinthedistributionofsex,BMI,
follow‐uptime,ortypeofarthroplastywereobserved.

TheKOOSsubscoresforthearthroplastypatientsfrom
thecartilagecohortandthecontrolgrouparepresentedin

TABLE1Demographicsanddescriptivestatistics.

Frequencyormean
a

p
KAafterfocalcartilage
lesionControlgroup

Knees58116

Male/female29(50.0%)/29(50.0%)62(53.5%)/54(46.6%)0.7

Right/leftknee32(55.2%)/26(44.8%)110(94.8%)/6(5.2%)<0.001

AgeatthetimeofKAsurgery54.3(51.6–57.0)59.0(57.3–60.7)0.003

Ageatfollow‐up61.9(59.2–64.5)67.1(65.4–68.8)<0.001

Yearsfromarthroplastysurgery
toendofstudy

7.6(6.1–9.1)8.1(7.1–9.0)0.6

Levelofeducation

Highschool32(59.3%)87(75.7%)0.03

Bachelor's/Master'sdegree22(40.7%)28(24.3%)0.5

Bodymassindex(BMI)at
follow‐up

29.5(28.3–30.7)30.0(29.1–30.9)

<257(13.4%)12(11.0%)

25–2926(50.0%)55(50.5%)0.9

≥3019(36.5%)42(38.5%)

PreviousACLreconstructioninipsilateralknee

Yes8(13.8%)1(0.9%)

No50(86.2%)115(99.1%)<0.001

Previousmeniscalresectioninipsilateralknee

Yes17(29.3%)20(17.2%)

No41(70.7%)96(82.8%)0.04

Previousipsilateralosteotomy1(1.7%)1(0.9%)0.6

Anypreviouskneesurgeryexceptcartilagesurgery

Yes33(56.9%)29(25.0%)<0.001

No25(43.1%)87(75.0%)

Typeofkneearthroplasty

Unicompartmental8(13.8%)22(19.1%)

Patellofemoral3(5.2%)4(3.5%)

TotalKA42(72.4%)76(66.1%)0.7

TotalKAwithpatella5(8.6%)13(11.3%)

Primarykneearthroplasty45(77.6%)109(94%)0.001

Revisionkneearthroplasty13(22.4%)7(6%)

Abbreviations:ACL,anteriorcruciateligament;KA,kneearthroplasty.
a
Percentageor95%confidenceintervalinparenthesis.
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receivedfocalinlayimplants.PatientsintheFCL
groupweresignificantlyyoungeratthequestionnaire
follow‐upandatthetimeofkneearthroplasty
(Table1).TheFCLcohorthadsignificantlymore
kneeswithrevisionarthroplasties(p=0.001),more
previouskneesurgeriesinadditiontotheprevious

cartilagesurgery(p<0.001)andahigherlevelof
education(p=0.03).Nosignificantdifferences
betweenthegroupsinthedistributionofsex,BMI,
follow‐uptime,ortypeofarthroplastywereobserved.

TheKOOSsubscoresforthearthroplastypatientsfrom
thecartilagecohortandthecontrolgrouparepresentedin

TABLE1Demographicsanddescriptivestatistics.

Frequencyormean
a

p
KAafterfocalcartilage
lesionControlgroup

Knees58116

Male/female29(50.0%)/29(50.0%)62(53.5%)/54(46.6%)0.7

Right/leftknee32(55.2%)/26(44.8%)110(94.8%)/6(5.2%)<0.001

AgeatthetimeofKAsurgery54.3(51.6–57.0)59.0(57.3–60.7)0.003

Ageatfollow‐up61.9(59.2–64.5)67.1(65.4–68.8)<0.001

Yearsfromarthroplastysurgery
toendofstudy

7.6(6.1–9.1)8.1(7.1–9.0)0.6

Levelofeducation

Highschool32(59.3%)87(75.7%)0.03

Bachelor's/Master'sdegree22(40.7%)28(24.3%)0.5

Bodymassindex(BMI)at
follow‐up

29.5(28.3–30.7)30.0(29.1–30.9)

<257(13.4%)12(11.0%)

25–2926(50.0%)55(50.5%)0.9

≥3019(36.5%)42(38.5%)

PreviousACLreconstructioninipsilateralknee

Yes8(13.8%)1(0.9%)

No50(86.2%)115(99.1%)<0.001

Previousmeniscalresectioninipsilateralknee

Yes17(29.3%)20(17.2%)

No41(70.7%)96(82.8%)0.04

Previousipsilateralosteotomy1(1.7%)1(0.9%)0.6

Anypreviouskneesurgeryexceptcartilagesurgery

Yes33(56.9%)29(25.0%)<0.001

No25(43.1%)87(75.0%)

Typeofkneearthroplasty

Unicompartmental8(13.8%)22(19.1%)

Patellofemoral3(5.2%)4(3.5%)

TotalKA42(72.4%)76(66.1%)0.7

TotalKAwithpatella5(8.6%)13(11.3%)

Primarykneearthroplasty45(77.6%)109(94%)0.001

Revisionkneearthroplasty13(22.4%)7(6%)

Abbreviations:ACL,anteriorcruciateligament;KA,kneearthroplasty.
a
Percentageor95%confidenceintervalinparenthesis.
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receivedfocalinlayimplants.PatientsintheFCL
groupweresignificantlyyoungeratthequestionnaire
follow‐upandatthetimeofkneearthroplasty
(Table1).TheFCLcohorthadsignificantlymore
kneeswithrevisionarthroplasties(p=0.001),more
previouskneesurgeriesinadditiontotheprevious

cartilagesurgery(p<0.001)andahigherlevelof
education(p=0.03).Nosignificantdifferences
betweenthegroupsinthedistributionofsex,BMI,
follow‐uptime,ortypeofarthroplastywereobserved.

TheKOOSsubscoresforthearthroplastypatientsfrom
thecartilagecohortandthecontrolgrouparepresentedin

TABLE1Demographicsanddescriptivestatistics.

Frequencyormean
a

p
KAafterfocalcartilage
lesionControlgroup

Knees58116

Male/female29(50.0%)/29(50.0%)62(53.5%)/54(46.6%)0.7

Right/leftknee32(55.2%)/26(44.8%)110(94.8%)/6(5.2%)<0.001

AgeatthetimeofKAsurgery54.3(51.6–57.0)59.0(57.3–60.7)0.003

Ageatfollow‐up61.9(59.2–64.5)67.1(65.4–68.8)<0.001

Yearsfromarthroplastysurgery
toendofstudy

7.6(6.1–9.1)8.1(7.1–9.0)0.6

Levelofeducation

Highschool32(59.3%)87(75.7%)0.03

Bachelor's/Master'sdegree22(40.7%)28(24.3%)0.5

Bodymassindex(BMI)at
follow‐up

29.5(28.3–30.7)30.0(29.1–30.9)

<257(13.4%)12(11.0%)

25–2926(50.0%)55(50.5%)0.9

≥3019(36.5%)42(38.5%)

PreviousACLreconstructioninipsilateralknee

Yes8(13.8%)1(0.9%)

No50(86.2%)115(99.1%)<0.001

Previousmeniscalresectioninipsilateralknee

Yes17(29.3%)20(17.2%)

No41(70.7%)96(82.8%)0.04

Previousipsilateralosteotomy1(1.7%)1(0.9%)0.6

Anypreviouskneesurgeryexceptcartilagesurgery

Yes33(56.9%)29(25.0%)<0.001

No25(43.1%)87(75.0%)

Typeofkneearthroplasty

Unicompartmental8(13.8%)22(19.1%)

Patellofemoral3(5.2%)4(3.5%)

TotalKA42(72.4%)76(66.1%)0.7

TotalKAwithpatella5(8.6%)13(11.3%)

Primarykneearthroplasty45(77.6%)109(94%)0.001

Revisionkneearthroplasty13(22.4%)7(6%)

Abbreviations:ACL,anteriorcruciateligament;KA,kneearthroplasty.
a
Percentageor95%confidenceintervalinparenthesis.
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Figure 2. The adjusted results, as presented in Table 2,
demonstrated significantly lower scores for KOOS Symp-
toms (8.4 points, p=0.042), Pain (11.8 points, p= 0.016)
and QoL (10.4 points, p= 0.045) subscores in the cartilage
cohort. A sensitivity analysis was performed without
adjusting for previous additional surgeries, but otherwise
using the same regression models (Supporting Information
S1: Table 1). KOOS Symptoms and Pain subscore for the
cartilage cohort remained significantly inferior to those of
the control group, but QoL was not significantly lower.
Given the high number of revision arthroplasties in the
cartilage cohort, a sensitivity analysis using the same
regression models was performed, but only including the
primary knee arthroplasty (Supporting Information S1:
Table 2). In addition, a sensitivity analysis only including
total knee arthroplasty (TKA) was performed. The results
were consistent with the original analysis.

Approximately 65% of the arthroplasty patients with
previous FCL failed to reach the PASS thresholds for the
KOOS subscores versus 46% in the control group
(Table 3). There were significantly higher odds of reaching
the PASS threshold in the subscores for KOOS Symptoms
Pain and QoL in the control group (Table 3).

DISCUSSION

The principal findings of the present study were that at
an average of 8 years following knee arthroplasty,
patients with a history of previous cartilage surgery
demonstrated significantly lower scores for KOOS

Symptoms, Pain and QoL compared to a matched
cohort from the NAR. Additionally, there were signifi-
cantly lower odds of reaching the PASS threshold for
the same KOOS subscores in the previous cartilage
patients.

Failed FCL surgery with residual symptoms remains
a clinical challenge [18]. In the absence of osteo-
arthritis, resurfacing with mini‐implants has gained
popularity and is advocated in a recent consensus
paper [18]. In the present study, all previous FCL
patients were reported to have osteoarthritis by the
treating surgeon at the time of knee arthroplasty.
Preoperative X‐rays were not available to the research
group, but the surgeon probably no longer considered
the condition to be an FCL, but rather osteoarthritis in
one or more compartments of the knee.

In a study of 972 patients from the NAR Lygre et al.
[19] reported similar or slightly better KOOS subscores
than in the control group in the present study.
The tendency towards better KOOS score in their study
might be explained by an older patient population
(76 years vs. 67 years in the control group in the present
study) as younger age has been shown to predict poorer
Patient Reported Outcome Measures (PROMs) in knee
arthroplasty patients [20]. Furthermore, Lygre et al. only
included primary TKAs. Nevertheless, this might suggest
that the KOOS subscores in the control group were
representative of the average knee arthroplasty patient in
Norway.

Several studies have reported no correlation between
previous knee surgery and PROM scores in knee

F IGURE 2 KOOS score at final follow‐up for the arthroplasty patients from the cartilage cohort and the control group. Mean score with 95%
confidence intervals. ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, Quality of Life.
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Figure2.Theadjustedresults,aspresentedinTable2,
demonstratedsignificantlylowerscoresforKOOSSymp-
toms(8.4points,p=0.042),Pain(11.8points,p=0.016)
andQoL(10.4points,p=0.045)subscoresinthecartilage
cohort.Asensitivityanalysiswasperformedwithout
adjustingforpreviousadditionalsurgeries,butotherwise
usingthesameregressionmodels(SupportingInformation
S1:Table1).KOOSSymptomsandPainsubscoreforthe
cartilagecohortremainedsignificantlyinferiortothoseof
thecontrolgroup,butQoLwasnotsignificantlylower.
Giventhehighnumberofrevisionarthroplastiesinthe
cartilagecohort,asensitivityanalysisusingthesame
regressionmodelswasperformed,butonlyincludingthe
primarykneearthroplasty(SupportingInformationS1:
Table2).Inaddition,asensitivityanalysisonlyincluding
totalkneearthroplasty(TKA)wasperformed.Theresults
wereconsistentwiththeoriginalanalysis.

Approximately65%ofthearthroplastypatientswith
previousFCLfailedtoreachthePASSthresholdsforthe
KOOSsubscoresversus46%inthecontrolgroup
(Table3).Thereweresignificantlyhigheroddsofreaching
thePASSthresholdinthesubscoresforKOOSSymptoms
PainandQoLinthecontrolgroup(Table3).

DISCUSSION

Theprincipalfindingsofthepresentstudywerethatat
anaverageof8yearsfollowingkneearthroplasty,
patientswithahistoryofpreviouscartilagesurgery
demonstratedsignificantlylowerscoresforKOOS

Symptoms,PainandQoLcomparedtoamatched
cohortfromtheNAR.Additionally,thereweresignifi-
cantlyloweroddsofreachingthePASSthresholdfor
thesameKOOSsubscoresinthepreviouscartilage
patients.

FailedFCLsurgerywithresidualsymptomsremains
aclinicalchallenge[18].Intheabsenceofosteo-
arthritis,resurfacingwithmini‐implantshasgained
popularityandisadvocatedinarecentconsensus
paper[18].Inthepresentstudy,allpreviousFCL
patientswerereportedtohaveosteoarthritisbythe
treatingsurgeonatthetimeofkneearthroplasty.
PreoperativeX‐rayswerenotavailabletotheresearch
group,butthesurgeonprobablynolongerconsidered
theconditiontobeanFCL,butratherosteoarthritisin
oneormorecompartmentsoftheknee.

Inastudyof972patientsfromtheNARLygreetal.
[19]reportedsimilarorslightlybetterKOOSsubscores
thaninthecontrolgroupinthepresentstudy.
ThetendencytowardsbetterKOOSscoreintheirstudy
mightbeexplainedbyanolderpatientpopulation
(76yearsvs.67yearsinthecontrolgroupinthepresent
study)asyoungeragehasbeenshowntopredictpoorer
PatientReportedOutcomeMeasures(PROMs)inknee
arthroplastypatients[20].Furthermore,Lygreetal.only
includedprimaryTKAs.Nevertheless,thismightsuggest
thattheKOOSsubscoresinthecontrolgroupwere
representativeoftheaveragekneearthroplastypatientin
Norway.

Severalstudieshavereportednocorrelationbetween
previouskneesurgeryandPROMscoresinknee

FIGURE2KOOSscoreatfinalfollow‐upforthearthroplastypatientsfromthecartilagecohortandthecontrolgroup.Meanscorewith95%
confidenceintervals.ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
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Figure2.Theadjustedresults,aspresentedinTable2,
demonstratedsignificantlylowerscoresforKOOSSymp-
toms(8.4points,p=0.042),Pain(11.8points,p=0.016)
andQoL(10.4points,p=0.045)subscoresinthecartilage
cohort.Asensitivityanalysiswasperformedwithout
adjustingforpreviousadditionalsurgeries,butotherwise
usingthesameregressionmodels(SupportingInformation
S1:Table1).KOOSSymptomsandPainsubscoreforthe
cartilagecohortremainedsignificantlyinferiortothoseof
thecontrolgroup,butQoLwasnotsignificantlylower.
Giventhehighnumberofrevisionarthroplastiesinthe
cartilagecohort,asensitivityanalysisusingthesame
regressionmodelswasperformed,butonlyincludingthe
primarykneearthroplasty(SupportingInformationS1:
Table2).Inaddition,asensitivityanalysisonlyincluding
totalkneearthroplasty(TKA)wasperformed.Theresults
wereconsistentwiththeoriginalanalysis.

Approximately65%ofthearthroplastypatientswith
previousFCLfailedtoreachthePASSthresholdsforthe
KOOSsubscoresversus46%inthecontrolgroup
(Table3).Thereweresignificantlyhigheroddsofreaching
thePASSthresholdinthesubscoresforKOOSSymptoms
PainandQoLinthecontrolgroup(Table3).

DISCUSSION

Theprincipalfindingsofthepresentstudywerethatat
anaverageof8yearsfollowingkneearthroplasty,
patientswithahistoryofpreviouscartilagesurgery
demonstratedsignificantlylowerscoresforKOOS

Symptoms,PainandQoLcomparedtoamatched
cohortfromtheNAR.Additionally,thereweresignifi-
cantlyloweroddsofreachingthePASSthresholdfor
thesameKOOSsubscoresinthepreviouscartilage
patients.

FailedFCLsurgerywithresidualsymptomsremains
aclinicalchallenge[18].Intheabsenceofosteo-
arthritis,resurfacingwithmini‐implantshasgained
popularityandisadvocatedinarecentconsensus
paper[18].Inthepresentstudy,allpreviousFCL
patientswerereportedtohaveosteoarthritisbythe
treatingsurgeonatthetimeofkneearthroplasty.
PreoperativeX‐rayswerenotavailabletotheresearch
group,butthesurgeonprobablynolongerconsidered
theconditiontobeanFCL,butratherosteoarthritisin
oneormorecompartmentsoftheknee.

Inastudyof972patientsfromtheNARLygreetal.
[19]reportedsimilarorslightlybetterKOOSsubscores
thaninthecontrolgroupinthepresentstudy.
ThetendencytowardsbetterKOOSscoreintheirstudy
mightbeexplainedbyanolderpatientpopulation
(76yearsvs.67yearsinthecontrolgroupinthepresent
study)asyoungeragehasbeenshowntopredictpoorer
PatientReportedOutcomeMeasures(PROMs)inknee
arthroplastypatients[20].Furthermore,Lygreetal.only
includedprimaryTKAs.Nevertheless,thismightsuggest
thattheKOOSsubscoresinthecontrolgroupwere
representativeoftheaveragekneearthroplastypatientin
Norway.

Severalstudieshavereportednocorrelationbetween
previouskneesurgeryandPROMscoresinknee

FIGURE2KOOSscoreatfinalfollow‐upforthearthroplastypatientsfromthecartilagecohortandthecontrolgroup.Meanscorewith95%
confidenceintervals.ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
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Figure 2. The adjusted results, as presented in Table 2,
demonstrated significantly lower scores for KOOS Symp-
toms (8.4 points, p=0.042), Pain (11.8 points, p= 0.016)
and QoL (10.4 points, p= 0.045) subscores in the cartilage
cohort. A sensitivity analysis was performed without
adjusting for previous additional surgeries, but otherwise
using the same regression models (Supporting Information
S1: Table 1). KOOS Symptoms and Pain subscore for the
cartilage cohort remained significantly inferior to those of
the control group, but QoL was not significantly lower.
Given the high number of revision arthroplasties in the
cartilage cohort, a sensitivity analysis using the same
regression models was performed, but only including the
primary knee arthroplasty (Supporting Information S1:
Table 2). In addition, a sensitivity analysis only including
total knee arthroplasty (TKA) was performed. The results
were consistent with the original analysis.

Approximately 65% of the arthroplasty patients with
previous FCL failed to reach the PASS thresholds for the
KOOS subscores versus 46% in the control group
(Table 3). There were significantly higher odds of reaching
the PASS threshold in the subscores for KOOS Symptoms
Pain and QoL in the control group (Table 3).

DISCUSSION

The principal findings of the present study were that at
an average of 8 years following knee arthroplasty,
patients with a history of previous cartilage surgery
demonstrated significantly lower scores for KOOS

Symptoms, Pain and QoL compared to a matched
cohort from the NAR. Additionally, there were signifi-
cantly lower odds of reaching the PASS threshold for
the same KOOS subscores in the previous cartilage
patients.

Failed FCL surgery with residual symptoms remains
a clinical challenge [18]. In the absence of osteo-
arthritis, resurfacing with mini‐implants has gained
popularity and is advocated in a recent consensus
paper [18]. In the present study, all previous FCL
patients were reported to have osteoarthritis by the
treating surgeon at the time of knee arthroplasty.
Preoperative X‐rays were not available to the research
group, but the surgeon probably no longer considered
the condition to be an FCL, but rather osteoarthritis in
one or more compartments of the knee.

In a study of 972 patients from the NAR Lygre et al.
[19] reported similar or slightly better KOOS subscores
than in the control group in the present study.
The tendency towards better KOOS score in their study
might be explained by an older patient population
(76 years vs. 67 years in the control group in the present
study) as younger age has been shown to predict poorer
Patient Reported Outcome Measures (PROMs) in knee
arthroplasty patients [20]. Furthermore, Lygre et al. only
included primary TKAs. Nevertheless, this might suggest
that the KOOS subscores in the control group were
representative of the average knee arthroplasty patient in
Norway.

Several studies have reported no correlation between
previous knee surgery and PROM scores in knee

F IGURE 2 KOOS score at final follow‐up for the arthroplasty patients from the cartilage cohort and the control group. Mean score with 95%
confidence intervals. ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, Quality of Life.
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Figure 2. The adjusted results, as presented in Table 2,
demonstrated significantly lower scores for KOOS Symp-
toms (8.4 points, p=0.042), Pain (11.8 points, p= 0.016)
and QoL (10.4 points, p= 0.045) subscores in the cartilage
cohort. A sensitivity analysis was performed without
adjusting for previous additional surgeries, but otherwise
using the same regression models (Supporting Information
S1: Table 1). KOOS Symptoms and Pain subscore for the
cartilage cohort remained significantly inferior to those of
the control group, but QoL was not significantly lower.
Given the high number of revision arthroplasties in the
cartilage cohort, a sensitivity analysis using the same
regression models was performed, but only including the
primary knee arthroplasty (Supporting Information S1:
Table 2). In addition, a sensitivity analysis only including
total knee arthroplasty (TKA) was performed. The results
were consistent with the original analysis.

Approximately 65% of the arthroplasty patients with
previous FCL failed to reach the PASS thresholds for the
KOOS subscores versus 46% in the control group
(Table 3). There were significantly higher odds of reaching
the PASS threshold in the subscores for KOOS Symptoms
Pain and QoL in the control group (Table 3).

DISCUSSION

The principal findings of the present study were that at
an average of 8 years following knee arthroplasty,
patients with a history of previous cartilage surgery
demonstrated significantly lower scores for KOOS

Symptoms, Pain and QoL compared to a matched
cohort from the NAR. Additionally, there were signifi-
cantly lower odds of reaching the PASS threshold for
the same KOOS subscores in the previous cartilage
patients.

Failed FCL surgery with residual symptoms remains
a clinical challenge [18]. In the absence of osteo-
arthritis, resurfacing with mini‐implants has gained
popularity and is advocated in a recent consensus
paper [18]. In the present study, all previous FCL
patients were reported to have osteoarthritis by the
treating surgeon at the time of knee arthroplasty.
Preoperative X‐rays were not available to the research
group, but the surgeon probably no longer considered
the condition to be an FCL, but rather osteoarthritis in
one or more compartments of the knee.

In a study of 972 patients from the NAR Lygre et al.
[19] reported similar or slightly better KOOS subscores
than in the control group in the present study.
The tendency towards better KOOS score in their study
might be explained by an older patient population
(76 years vs. 67 years in the control group in the present
study) as younger age has been shown to predict poorer
Patient Reported Outcome Measures (PROMs) in knee
arthroplasty patients [20]. Furthermore, Lygre et al. only
included primary TKAs. Nevertheless, this might suggest
that the KOOS subscores in the control group were
representative of the average knee arthroplasty patient in
Norway.

Several studies have reported no correlation between
previous knee surgery and PROM scores in knee

F IGURE 2 KOOS score at final follow‐up for the arthroplasty patients from the cartilage cohort and the control group. Mean score with 95%
confidence intervals. ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, Quality of Life.
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Figure2.Theadjustedresults,aspresentedinTable2,
demonstratedsignificantlylowerscoresforKOOSSymp-
toms(8.4points,p=0.042),Pain(11.8points,p=0.016)
andQoL(10.4points,p=0.045)subscoresinthecartilage
cohort.Asensitivityanalysiswasperformedwithout
adjustingforpreviousadditionalsurgeries,butotherwise
usingthesameregressionmodels(SupportingInformation
S1:Table1).KOOSSymptomsandPainsubscoreforthe
cartilagecohortremainedsignificantlyinferiortothoseof
thecontrolgroup,butQoLwasnotsignificantlylower.
Giventhehighnumberofrevisionarthroplastiesinthe
cartilagecohort,asensitivityanalysisusingthesame
regressionmodelswasperformed,butonlyincludingthe
primarykneearthroplasty(SupportingInformationS1:
Table2).Inaddition,asensitivityanalysisonlyincluding
totalkneearthroplasty(TKA)wasperformed.Theresults
wereconsistentwiththeoriginalanalysis.

Approximately65%ofthearthroplastypatientswith
previousFCLfailedtoreachthePASSthresholdsforthe
KOOSsubscoresversus46%inthecontrolgroup
(Table3).Thereweresignificantlyhigheroddsofreaching
thePASSthresholdinthesubscoresforKOOSSymptoms
PainandQoLinthecontrolgroup(Table3).

DISCUSSION

Theprincipalfindingsofthepresentstudywerethatat
anaverageof8yearsfollowingkneearthroplasty,
patientswithahistoryofpreviouscartilagesurgery
demonstratedsignificantlylowerscoresforKOOS

Symptoms,PainandQoLcomparedtoamatched
cohortfromtheNAR.Additionally,thereweresignifi-
cantlyloweroddsofreachingthePASSthresholdfor
thesameKOOSsubscoresinthepreviouscartilage
patients.

FailedFCLsurgerywithresidualsymptomsremains
aclinicalchallenge[18].Intheabsenceofosteo-
arthritis,resurfacingwithmini‐implantshasgained
popularityandisadvocatedinarecentconsensus
paper[18].Inthepresentstudy,allpreviousFCL
patientswerereportedtohaveosteoarthritisbythe
treatingsurgeonatthetimeofkneearthroplasty.
PreoperativeX‐rayswerenotavailabletotheresearch
group,butthesurgeonprobablynolongerconsidered
theconditiontobeanFCL,butratherosteoarthritisin
oneormorecompartmentsoftheknee.

Inastudyof972patientsfromtheNARLygreetal.
[19]reportedsimilarorslightlybetterKOOSsubscores
thaninthecontrolgroupinthepresentstudy.
ThetendencytowardsbetterKOOSscoreintheirstudy
mightbeexplainedbyanolderpatientpopulation
(76yearsvs.67yearsinthecontrolgroupinthepresent
study)asyoungeragehasbeenshowntopredictpoorer
PatientReportedOutcomeMeasures(PROMs)inknee
arthroplastypatients[20].Furthermore,Lygreetal.only
includedprimaryTKAs.Nevertheless,thismightsuggest
thattheKOOSsubscoresinthecontrolgroupwere
representativeoftheaveragekneearthroplastypatientin
Norway.

Severalstudieshavereportednocorrelationbetween
previouskneesurgeryandPROMscoresinknee

FIGURE2KOOSscoreatfinalfollow‐upforthearthroplastypatientsfromthecartilagecohortandthecontrolgroup.Meanscorewith95%
confidenceintervals.ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
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Figure2.Theadjustedresults,aspresentedinTable2,
demonstratedsignificantlylowerscoresforKOOSSymp-
toms(8.4points,p=0.042),Pain(11.8points,p=0.016)
andQoL(10.4points,p=0.045)subscoresinthecartilage
cohort.Asensitivityanalysiswasperformedwithout
adjustingforpreviousadditionalsurgeries,butotherwise
usingthesameregressionmodels(SupportingInformation
S1:Table1).KOOSSymptomsandPainsubscoreforthe
cartilagecohortremainedsignificantlyinferiortothoseof
thecontrolgroup,butQoLwasnotsignificantlylower.
Giventhehighnumberofrevisionarthroplastiesinthe
cartilagecohort,asensitivityanalysisusingthesame
regressionmodelswasperformed,butonlyincludingthe
primarykneearthroplasty(SupportingInformationS1:
Table2).Inaddition,asensitivityanalysisonlyincluding
totalkneearthroplasty(TKA)wasperformed.Theresults
wereconsistentwiththeoriginalanalysis.

Approximately65%ofthearthroplastypatientswith
previousFCLfailedtoreachthePASSthresholdsforthe
KOOSsubscoresversus46%inthecontrolgroup
(Table3).Thereweresignificantlyhigheroddsofreaching
thePASSthresholdinthesubscoresforKOOSSymptoms
PainandQoLinthecontrolgroup(Table3).

DISCUSSION

Theprincipalfindingsofthepresentstudywerethatat
anaverageof8yearsfollowingkneearthroplasty,
patientswithahistoryofpreviouscartilagesurgery
demonstratedsignificantlylowerscoresforKOOS

Symptoms,PainandQoLcomparedtoamatched
cohortfromtheNAR.Additionally,thereweresignifi-
cantlyloweroddsofreachingthePASSthresholdfor
thesameKOOSsubscoresinthepreviouscartilage
patients.

FailedFCLsurgerywithresidualsymptomsremains
aclinicalchallenge[18].Intheabsenceofosteo-
arthritis,resurfacingwithmini‐implantshasgained
popularityandisadvocatedinarecentconsensus
paper[18].Inthepresentstudy,allpreviousFCL
patientswerereportedtohaveosteoarthritisbythe
treatingsurgeonatthetimeofkneearthroplasty.
PreoperativeX‐rayswerenotavailabletotheresearch
group,butthesurgeonprobablynolongerconsidered
theconditiontobeanFCL,butratherosteoarthritisin
oneormorecompartmentsoftheknee.

Inastudyof972patientsfromtheNARLygreetal.
[19]reportedsimilarorslightlybetterKOOSsubscores
thaninthecontrolgroupinthepresentstudy.
ThetendencytowardsbetterKOOSscoreintheirstudy
mightbeexplainedbyanolderpatientpopulation
(76yearsvs.67yearsinthecontrolgroupinthepresent
study)asyoungeragehasbeenshowntopredictpoorer
PatientReportedOutcomeMeasures(PROMs)inknee
arthroplastypatients[20].Furthermore,Lygreetal.only
includedprimaryTKAs.Nevertheless,thismightsuggest
thattheKOOSsubscoresinthecontrolgroupwere
representativeoftheaveragekneearthroplastypatientin
Norway.

Severalstudieshavereportednocorrelationbetween
previouskneesurgeryandPROMscoresinknee

FIGURE2KOOSscoreatfinalfollow‐upforthearthroplastypatientsfromthecartilagecohortandthecontrolgroup.Meanscorewith95%
confidenceintervals.ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
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Figure2.Theadjustedresults,aspresentedinTable2,
demonstratedsignificantlylowerscoresforKOOSSymp-
toms(8.4points,p=0.042),Pain(11.8points,p=0.016)
andQoL(10.4points,p=0.045)subscoresinthecartilage
cohort.Asensitivityanalysiswasperformedwithout
adjustingforpreviousadditionalsurgeries,butotherwise
usingthesameregressionmodels(SupportingInformation
S1:Table1).KOOSSymptomsandPainsubscoreforthe
cartilagecohortremainedsignificantlyinferiortothoseof
thecontrolgroup,butQoLwasnotsignificantlylower.
Giventhehighnumberofrevisionarthroplastiesinthe
cartilagecohort,asensitivityanalysisusingthesame
regressionmodelswasperformed,butonlyincludingthe
primarykneearthroplasty(SupportingInformationS1:
Table2).Inaddition,asensitivityanalysisonlyincluding
totalkneearthroplasty(TKA)wasperformed.Theresults
wereconsistentwiththeoriginalanalysis.

Approximately65%ofthearthroplastypatientswith
previousFCLfailedtoreachthePASSthresholdsforthe
KOOSsubscoresversus46%inthecontrolgroup
(Table3).Thereweresignificantlyhigheroddsofreaching
thePASSthresholdinthesubscoresforKOOSSymptoms
PainandQoLinthecontrolgroup(Table3).

DISCUSSION

Theprincipalfindingsofthepresentstudywerethatat
anaverageof8yearsfollowingkneearthroplasty,
patientswithahistoryofpreviouscartilagesurgery
demonstratedsignificantlylowerscoresforKOOS

Symptoms,PainandQoLcomparedtoamatched
cohortfromtheNAR.Additionally,thereweresignifi-
cantlyloweroddsofreachingthePASSthresholdfor
thesameKOOSsubscoresinthepreviouscartilage
patients.

FailedFCLsurgerywithresidualsymptomsremains
aclinicalchallenge[18].Intheabsenceofosteo-
arthritis,resurfacingwithmini‐implantshasgained
popularityandisadvocatedinarecentconsensus
paper[18].Inthepresentstudy,allpreviousFCL
patientswerereportedtohaveosteoarthritisbythe
treatingsurgeonatthetimeofkneearthroplasty.
PreoperativeX‐rayswerenotavailabletotheresearch
group,butthesurgeonprobablynolongerconsidered
theconditiontobeanFCL,butratherosteoarthritisin
oneormorecompartmentsoftheknee.

Inastudyof972patientsfromtheNARLygreetal.
[19]reportedsimilarorslightlybetterKOOSsubscores
thaninthecontrolgroupinthepresentstudy.
ThetendencytowardsbetterKOOSscoreintheirstudy
mightbeexplainedbyanolderpatientpopulation
(76yearsvs.67yearsinthecontrolgroupinthepresent
study)asyoungeragehasbeenshowntopredictpoorer
PatientReportedOutcomeMeasures(PROMs)inknee
arthroplastypatients[20].Furthermore,Lygreetal.only
includedprimaryTKAs.Nevertheless,thismightsuggest
thattheKOOSsubscoresinthecontrolgroupwere
representativeoftheaveragekneearthroplastypatientin
Norway.

Severalstudieshavereportednocorrelationbetween
previouskneesurgeryandPROMscoresinknee

FIGURE2KOOSscoreatfinalfollow‐upforthearthroplastypatientsfromthecartilagecohortandthecontrolgroup.Meanscorewith95%
confidenceintervals.ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
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Figure2.Theadjustedresults,aspresentedinTable2,
demonstratedsignificantlylowerscoresforKOOSSymp-
toms(8.4points,p=0.042),Pain(11.8points,p=0.016)
andQoL(10.4points,p=0.045)subscoresinthecartilage
cohort.Asensitivityanalysiswasperformedwithout
adjustingforpreviousadditionalsurgeries,butotherwise
usingthesameregressionmodels(SupportingInformation
S1:Table1).KOOSSymptomsandPainsubscoreforthe
cartilagecohortremainedsignificantlyinferiortothoseof
thecontrolgroup,butQoLwasnotsignificantlylower.
Giventhehighnumberofrevisionarthroplastiesinthe
cartilagecohort,asensitivityanalysisusingthesame
regressionmodelswasperformed,butonlyincludingthe
primarykneearthroplasty(SupportingInformationS1:
Table2).Inaddition,asensitivityanalysisonlyincluding
totalkneearthroplasty(TKA)wasperformed.Theresults
wereconsistentwiththeoriginalanalysis.

Approximately65%ofthearthroplastypatientswith
previousFCLfailedtoreachthePASSthresholdsforthe
KOOSsubscoresversus46%inthecontrolgroup
(Table3).Thereweresignificantlyhigheroddsofreaching
thePASSthresholdinthesubscoresforKOOSSymptoms
PainandQoLinthecontrolgroup(Table3).

DISCUSSION

Theprincipalfindingsofthepresentstudywerethatat
anaverageof8yearsfollowingkneearthroplasty,
patientswithahistoryofpreviouscartilagesurgery
demonstratedsignificantlylowerscoresforKOOS

Symptoms,PainandQoLcomparedtoamatched
cohortfromtheNAR.Additionally,thereweresignifi-
cantlyloweroddsofreachingthePASSthresholdfor
thesameKOOSsubscoresinthepreviouscartilage
patients.

FailedFCLsurgerywithresidualsymptomsremains
aclinicalchallenge[18].Intheabsenceofosteo-
arthritis,resurfacingwithmini‐implantshasgained
popularityandisadvocatedinarecentconsensus
paper[18].Inthepresentstudy,allpreviousFCL
patientswerereportedtohaveosteoarthritisbythe
treatingsurgeonatthetimeofkneearthroplasty.
PreoperativeX‐rayswerenotavailabletotheresearch
group,butthesurgeonprobablynolongerconsidered
theconditiontobeanFCL,butratherosteoarthritisin
oneormorecompartmentsoftheknee.

Inastudyof972patientsfromtheNARLygreetal.
[19]reportedsimilarorslightlybetterKOOSsubscores
thaninthecontrolgroupinthepresentstudy.
ThetendencytowardsbetterKOOSscoreintheirstudy
mightbeexplainedbyanolderpatientpopulation
(76yearsvs.67yearsinthecontrolgroupinthepresent
study)asyoungeragehasbeenshowntopredictpoorer
PatientReportedOutcomeMeasures(PROMs)inknee
arthroplastypatients[20].Furthermore,Lygreetal.only
includedprimaryTKAs.Nevertheless,thismightsuggest
thattheKOOSsubscoresinthecontrolgroupwere
representativeoftheaveragekneearthroplastypatientin
Norway.

Severalstudieshavereportednocorrelationbetween
previouskneesurgeryandPROMscoresinknee

FIGURE2KOOSscoreatfinalfollow‐upforthearthroplastypatientsfromthecartilagecohortandthecontrolgroup.Meanscorewith95%
confidenceintervals.ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.

PREVIOUSCARTILAGESURGERYAFTERKNEEARTHROPLASTY|365

 1
43

37
34

7,
 2

02
4,

 2
, D

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//e
ss

ka
jo

ur
na

ls
.o

nl
in

el
ib

ra
ry

.w
ile

y.
co

m
/d

oi
/1

0.
10

02
/k

sa
.1

20
50

 b
y 

N
or

w
eg

ia
n 

In
st

itu
te

 O
f 

Pu
bl

ic
 H

ea
lt 

In
vo

ic
e 

R
ec

ei
pt

 D
FO

, W
ile

y 
O

nl
in

e 
L

ib
ra

ry
 o

n 
[1

8/
06

/2
02

4]
. S

ee
 th

e 
T

er
m

s 
an

d 
C

on
di

tio
ns

 (
ht

tp
s:

//o
nl

in
el

ib
ra

ry
.w

ile
y.

co
m

/te
rm

s-
an

d-
co

nd
iti

on
s)

 o
n 

W
ile

y 
O

nl
in

e 
L

ib
ra

ry
 f

or
 r

ul
es

 o
f 

us
e;

 O
A

 a
rt

ic
le

s 
ar

e 
go

ve
rn

ed
 b

y 
th

e 
ap

pl
ic

ab
le

 C
re

at
iv

e 
C

om
m

on
s 

L
ic

en
se



TABLE 2 Difference in KOOS score between the knee arthroplasty patients with previous focal cartilage lesion and the knee arthroplasty
patients in the control group.

Crude Adjusteda

Mean differenceb p Mean differenceb p

KOOS Symptoms

Cartilage cohort Ref Ref

Control group 9.6 (2.3, 16.9) 0.01 8.4 (0.3, 16.4) 0.04

KOOS Pain

Cartilage cohort Ref Ref

Control group 10.9 (2.5, 19.4) 0.01 11.8 (2.2, 21.4) 0.02

KOOS ADL

Cartilage cohort Ref Ref

Control group 4.3 (−3.9, 12.6) 0.3 9.3 (−1.2, 18.6) 0.053

KOOS Sport/rec

Cartilage cohort Ref Ref

Control group 5.5 (−3.7, 14.8) 0.2 8.9 (−1.6, 19.4) 0.1

KOOS QoL

Cartilage cohort Ref Ref

Control group 10.4 (1.2, 19.6) 0.03 10.6 (0.2, 21.1) 0.045

Abbreviations: ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, Quality of Life.
aAdjusted for age at arthroplasty surgery, level of education, primary or revision arthroplasty, sex, type of arthroplasty and previous ipsilateral knee surgery in addition
to cartilage surgery.
bMean difference in KOOS score from reference with 95% confidence intervals in parentheses. Negative numbers imply lower mean score than reference.

TABLE 3 The odds of failing to achieve the patient‐acceptable symptom state for the KOOS subscores.

Failures,n (%)

Crude Adjusteda

ORb p ORb p

KOOS Symptoms

Control group 52 (44.8%) 1 1

Cartilage cohort 40 (69.0%) 2.7 (1.4, 5.3) 0.003 2.7 (1.2, 6.4) 0.020

KOOS Pain

Control group 51 (44.0% 1 1

Cartilage cohort 39 (67.2%) 2.6 (1.4, 5.1) 0.004 3.0 (1.3, 7.0) 0.010

KOOS activities of daily living

Control group 57 (49.1%) 1 1

Cartilage cohort 34 (58.6%) 1.5 (0.8, 2.8) 0.239 2.1 (0.9, 4.6) 0.076

KOOS Quality of Life

Control group 53 (45.7%) 1 1

Cartilage cohort 38 (65.5%) 2.3 (1.2, 4.3) 0.014 2.4 (1.0, 5.5) 0.041

Abbreviation: KOOS, Knee Injury and Osteoarthritis Outcome Score.
aAdjusted for age at arthroplasty surgery, level of education, primary or revision arthroplasty, sex, type of arthroplasty and previous ipsilateral knee surgery in addition
to cartilage surgery.
bOdds ratio from the regression model with 95% confidence intervals in parentheses.
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TABLE2DifferenceinKOOSscorebetweenthekneearthroplastypatientswithpreviousfocalcartilagelesionandthekneearthroplasty
patientsinthecontrolgroup.

CrudeAdjusteda

MeandifferencebpMeandifferencebp

KOOSSymptoms

CartilagecohortRefRef

Controlgroup9.6(2.3,16.9)0.018.4(0.3,16.4)0.04

KOOSPain

CartilagecohortRefRef

Controlgroup10.9(2.5,19.4)0.0111.8(2.2,21.4)0.02

KOOSADL

CartilagecohortRefRef

Controlgroup4.3(−3.9,12.6)0.39.3(−1.2,18.6)0.053

KOOSSport/rec

CartilagecohortRefRef

Controlgroup5.5(−3.7,14.8)0.28.9(−1.6,19.4)0.1

KOOSQoL

CartilagecohortRefRef

Controlgroup10.4(1.2,19.6)0.0310.6(0.2,21.1)0.045

Abbreviations:ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
aAdjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
bMeandifferenceinKOOSscorefromreferencewith95%confidenceintervalsinparentheses.Negativenumbersimplylowermeanscorethanreference.

TABLE3Theoddsoffailingtoachievethepatient‐acceptablesymptomstatefortheKOOSsubscores.

Failures,n(%)

CrudeAdjusteda

ORbpORbp

KOOSSymptoms

Controlgroup52(44.8%)11

Cartilagecohort40(69.0%)2.7(1.4,5.3)0.0032.7(1.2,6.4)0.020

KOOSPain

Controlgroup51(44.0%11

Cartilagecohort39(67.2%)2.6(1.4,5.1)0.0043.0(1.3,7.0)0.010

KOOSactivitiesofdailyliving

Controlgroup57(49.1%)11

Cartilagecohort34(58.6%)1.5(0.8,2.8)0.2392.1(0.9,4.6)0.076

KOOSQualityofLife

Controlgroup53(45.7%)11

Cartilagecohort38(65.5%)2.3(1.2,4.3)0.0142.4(1.0,5.5)0.041

Abbreviation:KOOS,KneeInjuryandOsteoarthritisOutcomeScore.
aAdjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
bOddsratiofromtheregressionmodelwith95%confidenceintervalsinparentheses.
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TABLE2DifferenceinKOOSscorebetweenthekneearthroplastypatientswithpreviousfocalcartilagelesionandthekneearthroplasty
patientsinthecontrolgroup.

CrudeAdjusteda

MeandifferencebpMeandifferencebp

KOOSSymptoms

CartilagecohortRefRef

Controlgroup9.6(2.3,16.9)0.018.4(0.3,16.4)0.04

KOOSPain

CartilagecohortRefRef

Controlgroup10.9(2.5,19.4)0.0111.8(2.2,21.4)0.02

KOOSADL

CartilagecohortRefRef

Controlgroup4.3(−3.9,12.6)0.39.3(−1.2,18.6)0.053

KOOSSport/rec

CartilagecohortRefRef

Controlgroup5.5(−3.7,14.8)0.28.9(−1.6,19.4)0.1

KOOSQoL

CartilagecohortRefRef

Controlgroup10.4(1.2,19.6)0.0310.6(0.2,21.1)0.045

Abbreviations:ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
aAdjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
bMeandifferenceinKOOSscorefromreferencewith95%confidenceintervalsinparentheses.Negativenumbersimplylowermeanscorethanreference.

TABLE3Theoddsoffailingtoachievethepatient‐acceptablesymptomstatefortheKOOSsubscores.

Failures,n(%)

CrudeAdjusteda

ORbpORbp

KOOSSymptoms

Controlgroup52(44.8%)11

Cartilagecohort40(69.0%)2.7(1.4,5.3)0.0032.7(1.2,6.4)0.020

KOOSPain

Controlgroup51(44.0%11

Cartilagecohort39(67.2%)2.6(1.4,5.1)0.0043.0(1.3,7.0)0.010

KOOSactivitiesofdailyliving

Controlgroup57(49.1%)11

Cartilagecohort34(58.6%)1.5(0.8,2.8)0.2392.1(0.9,4.6)0.076

KOOSQualityofLife

Controlgroup53(45.7%)11

Cartilagecohort38(65.5%)2.3(1.2,4.3)0.0142.4(1.0,5.5)0.041

Abbreviation:KOOS,KneeInjuryandOsteoarthritisOutcomeScore.
aAdjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
bOddsratiofromtheregressionmodelwith95%confidenceintervalsinparentheses.
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TABLE 2 Difference in KOOS score between the knee arthroplasty patients with previous focal cartilage lesion and the knee arthroplasty
patients in the control group.

Crude Adjusted
a

Mean difference
b

p Mean difference
b

p

KOOS Symptoms

Cartilage cohort Ref Ref

Control group 9.6 (2.3, 16.9) 0.01 8.4 (0.3, 16.4) 0.04

KOOS Pain

Cartilage cohort Ref Ref

Control group 10.9 (2.5, 19.4) 0.01 11.8 (2.2, 21.4) 0.02

KOOS ADL

Cartilage cohort Ref Ref

Control group 4.3 (−3.9, 12.6) 0.3 9.3 (−1.2, 18.6) 0.053

KOOS Sport/rec

Cartilage cohort Ref Ref

Control group 5.5 (−3.7, 14.8) 0.2 8.9 (−1.6, 19.4) 0.1

KOOS QoL

Cartilage cohort Ref Ref

Control group 10.4 (1.2, 19.6) 0.03 10.6 (0.2, 21.1) 0.045

Abbreviations: ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, Quality of Life.
a
Adjusted for age at arthroplasty surgery, level of education, primary or revision arthroplasty, sex, type of arthroplasty and previous ipsilateral knee surgery in addition
to cartilage surgery.
b
Mean difference in KOOS score from reference with 95% confidence intervals in parentheses. Negative numbers imply lower mean score than reference.

TABLE 3 The odds of failing to achieve the patient‐acceptable symptom state for the KOOS subscores.

Failures,n (%)

Crude Adjusted
a

OR
b

p OR
b

p

KOOS Symptoms

Control group 52 (44.8%) 1 1

Cartilage cohort 40 (69.0%) 2.7 (1.4, 5.3) 0.003 2.7 (1.2, 6.4) 0.020

KOOS Pain

Control group 51 (44.0% 1 1

Cartilage cohort 39 (67.2%) 2.6 (1.4, 5.1) 0.004 3.0 (1.3, 7.0) 0.010

KOOS activities of daily living

Control group 57 (49.1%) 1 1

Cartilage cohort 34 (58.6%) 1.5 (0.8, 2.8) 0.239 2.1 (0.9, 4.6) 0.076

KOOS Quality of Life

Control group 53 (45.7%) 1 1

Cartilage cohort 38 (65.5%) 2.3 (1.2, 4.3) 0.014 2.4 (1.0, 5.5) 0.041

Abbreviation: KOOS, Knee Injury and Osteoarthritis Outcome Score.
a
Adjusted for age at arthroplasty surgery, level of education, primary or revision arthroplasty, sex, type of arthroplasty and previous ipsilateral knee surgery in addition
to cartilage surgery.
b
Odds ratio from the regression model with 95% confidence intervals in parentheses.
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TABLE 2 Difference in KOOS score between the knee arthroplasty patients with previous focal cartilage lesion and the knee arthroplasty
patients in the control group.

Crude Adjusted
a

Mean difference
b

p Mean difference
b

p

KOOS Symptoms

Cartilage cohort Ref Ref

Control group 9.6 (2.3, 16.9) 0.01 8.4 (0.3, 16.4) 0.04

KOOS Pain

Cartilage cohort Ref Ref

Control group 10.9 (2.5, 19.4) 0.01 11.8 (2.2, 21.4) 0.02

KOOS ADL

Cartilage cohort Ref Ref

Control group 4.3 (−3.9, 12.6) 0.3 9.3 (−1.2, 18.6) 0.053

KOOS Sport/rec

Cartilage cohort Ref Ref

Control group 5.5 (−3.7, 14.8) 0.2 8.9 (−1.6, 19.4) 0.1

KOOS QoL

Cartilage cohort Ref Ref

Control group 10.4 (1.2, 19.6) 0.03 10.6 (0.2, 21.1) 0.045

Abbreviations: ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, Quality of Life.
a
Adjusted for age at arthroplasty surgery, level of education, primary or revision arthroplasty, sex, type of arthroplasty and previous ipsilateral knee surgery in addition
to cartilage surgery.
b
Mean difference in KOOS score from reference with 95% confidence intervals in parentheses. Negative numbers imply lower mean score than reference.

TABLE 3 The odds of failing to achieve the patient‐acceptable symptom state for the KOOS subscores.

Failures,n (%)

Crude Adjusted
a

OR
b

p OR
b

p

KOOS Symptoms

Control group 52 (44.8%) 1 1

Cartilage cohort 40 (69.0%) 2.7 (1.4, 5.3) 0.003 2.7 (1.2, 6.4) 0.020

KOOS Pain

Control group 51 (44.0% 1 1

Cartilage cohort 39 (67.2%) 2.6 (1.4, 5.1) 0.004 3.0 (1.3, 7.0) 0.010

KOOS activities of daily living

Control group 57 (49.1%) 1 1

Cartilage cohort 34 (58.6%) 1.5 (0.8, 2.8) 0.239 2.1 (0.9, 4.6) 0.076

KOOS Quality of Life

Control group 53 (45.7%) 1 1

Cartilage cohort 38 (65.5%) 2.3 (1.2, 4.3) 0.014 2.4 (1.0, 5.5) 0.041

Abbreviation: KOOS, Knee Injury and Osteoarthritis Outcome Score.
a
Adjusted for age at arthroplasty surgery, level of education, primary or revision arthroplasty, sex, type of arthroplasty and previous ipsilateral knee surgery in addition
to cartilage surgery.
b
Odds ratio from the regression model with 95% confidence intervals in parentheses.
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TABLE2DifferenceinKOOSscorebetweenthekneearthroplastypatientswithpreviousfocalcartilagelesionandthekneearthroplasty
patientsinthecontrolgroup.

CrudeAdjusted
a

Meandifference
b

pMeandifference
b

p

KOOSSymptoms

CartilagecohortRefRef

Controlgroup9.6(2.3,16.9)0.018.4(0.3,16.4)0.04

KOOSPain

CartilagecohortRefRef

Controlgroup10.9(2.5,19.4)0.0111.8(2.2,21.4)0.02

KOOSADL

CartilagecohortRefRef

Controlgroup4.3(−3.9,12.6)0.39.3(−1.2,18.6)0.053

KOOSSport/rec

CartilagecohortRefRef

Controlgroup5.5(−3.7,14.8)0.28.9(−1.6,19.4)0.1

KOOSQoL

CartilagecohortRefRef

Controlgroup10.4(1.2,19.6)0.0310.6(0.2,21.1)0.045

Abbreviations:ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
a
Adjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
b
MeandifferenceinKOOSscorefromreferencewith95%confidenceintervalsinparentheses.Negativenumbersimplylowermeanscorethanreference.

TABLE3Theoddsoffailingtoachievethepatient‐acceptablesymptomstatefortheKOOSsubscores.

Failures,n(%)

CrudeAdjusted
a

OR
b

pOR
b

p

KOOSSymptoms

Controlgroup52(44.8%)11

Cartilagecohort40(69.0%)2.7(1.4,5.3)0.0032.7(1.2,6.4)0.020

KOOSPain

Controlgroup51(44.0%11

Cartilagecohort39(67.2%)2.6(1.4,5.1)0.0043.0(1.3,7.0)0.010

KOOSactivitiesofdailyliving

Controlgroup57(49.1%)11

Cartilagecohort34(58.6%)1.5(0.8,2.8)0.2392.1(0.9,4.6)0.076

KOOSQualityofLife

Controlgroup53(45.7%)11

Cartilagecohort38(65.5%)2.3(1.2,4.3)0.0142.4(1.0,5.5)0.041

Abbreviation:KOOS,KneeInjuryandOsteoarthritisOutcomeScore.
a
Adjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
b
Oddsratiofromtheregressionmodelwith95%confidenceintervalsinparentheses.
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TABLE2DifferenceinKOOSscorebetweenthekneearthroplastypatientswithpreviousfocalcartilagelesionandthekneearthroplasty
patientsinthecontrolgroup.

CrudeAdjusted
a

Meandifference
b

pMeandifference
b

p

KOOSSymptoms

CartilagecohortRefRef

Controlgroup9.6(2.3,16.9)0.018.4(0.3,16.4)0.04

KOOSPain

CartilagecohortRefRef

Controlgroup10.9(2.5,19.4)0.0111.8(2.2,21.4)0.02

KOOSADL

CartilagecohortRefRef

Controlgroup4.3(−3.9,12.6)0.39.3(−1.2,18.6)0.053

KOOSSport/rec

CartilagecohortRefRef

Controlgroup5.5(−3.7,14.8)0.28.9(−1.6,19.4)0.1

KOOSQoL

CartilagecohortRefRef

Controlgroup10.4(1.2,19.6)0.0310.6(0.2,21.1)0.045

Abbreviations:ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
a
Adjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
b
MeandifferenceinKOOSscorefromreferencewith95%confidenceintervalsinparentheses.Negativenumbersimplylowermeanscorethanreference.

TABLE3Theoddsoffailingtoachievethepatient‐acceptablesymptomstatefortheKOOSsubscores.

Failures,n(%)

CrudeAdjusted
a

OR
b

pOR
b

p

KOOSSymptoms

Controlgroup52(44.8%)11

Cartilagecohort40(69.0%)2.7(1.4,5.3)0.0032.7(1.2,6.4)0.020

KOOSPain

Controlgroup51(44.0%11

Cartilagecohort39(67.2%)2.6(1.4,5.1)0.0043.0(1.3,7.0)0.010

KOOSactivitiesofdailyliving

Controlgroup57(49.1%)11

Cartilagecohort34(58.6%)1.5(0.8,2.8)0.2392.1(0.9,4.6)0.076

KOOSQualityofLife

Controlgroup53(45.7%)11

Cartilagecohort38(65.5%)2.3(1.2,4.3)0.0142.4(1.0,5.5)0.041

Abbreviation:KOOS,KneeInjuryandOsteoarthritisOutcomeScore.
a
Adjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
b
Oddsratiofromtheregressionmodelwith95%confidenceintervalsinparentheses.
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TABLE2DifferenceinKOOSscorebetweenthekneearthroplastypatientswithpreviousfocalcartilagelesionandthekneearthroplasty
patientsinthecontrolgroup.

CrudeAdjusted
a

Meandifference
b

pMeandifference
b

p

KOOSSymptoms

CartilagecohortRefRef

Controlgroup9.6(2.3,16.9)0.018.4(0.3,16.4)0.04

KOOSPain

CartilagecohortRefRef

Controlgroup10.9(2.5,19.4)0.0111.8(2.2,21.4)0.02

KOOSADL

CartilagecohortRefRef

Controlgroup4.3(−3.9,12.6)0.39.3(−1.2,18.6)0.053

KOOSSport/rec

CartilagecohortRefRef

Controlgroup5.5(−3.7,14.8)0.28.9(−1.6,19.4)0.1

KOOSQoL

CartilagecohortRefRef

Controlgroup10.4(1.2,19.6)0.0310.6(0.2,21.1)0.045

Abbreviations:ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
a
Adjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
b
MeandifferenceinKOOSscorefromreferencewith95%confidenceintervalsinparentheses.Negativenumbersimplylowermeanscorethanreference.

TABLE3Theoddsoffailingtoachievethepatient‐acceptablesymptomstatefortheKOOSsubscores.

Failures,n(%)

CrudeAdjusted
a

OR
b

pOR
b

p

KOOSSymptoms

Controlgroup52(44.8%)11

Cartilagecohort40(69.0%)2.7(1.4,5.3)0.0032.7(1.2,6.4)0.020

KOOSPain

Controlgroup51(44.0%11

Cartilagecohort39(67.2%)2.6(1.4,5.1)0.0043.0(1.3,7.0)0.010

KOOSactivitiesofdailyliving

Controlgroup57(49.1%)11

Cartilagecohort34(58.6%)1.5(0.8,2.8)0.2392.1(0.9,4.6)0.076

KOOSQualityofLife

Controlgroup53(45.7%)11

Cartilagecohort38(65.5%)2.3(1.2,4.3)0.0142.4(1.0,5.5)0.041

Abbreviation:KOOS,KneeInjuryandOsteoarthritisOutcomeScore.
a
Adjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
b
Oddsratiofromtheregressionmodelwith95%confidenceintervalsinparentheses.
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TABLE2DifferenceinKOOSscorebetweenthekneearthroplastypatientswithpreviousfocalcartilagelesionandthekneearthroplasty
patientsinthecontrolgroup.

CrudeAdjusted
a

Meandifference
b

pMeandifference
b

p

KOOSSymptoms

CartilagecohortRefRef

Controlgroup9.6(2.3,16.9)0.018.4(0.3,16.4)0.04

KOOSPain

CartilagecohortRefRef

Controlgroup10.9(2.5,19.4)0.0111.8(2.2,21.4)0.02

KOOSADL

CartilagecohortRefRef

Controlgroup4.3(−3.9,12.6)0.39.3(−1.2,18.6)0.053

KOOSSport/rec

CartilagecohortRefRef

Controlgroup5.5(−3.7,14.8)0.28.9(−1.6,19.4)0.1

KOOSQoL

CartilagecohortRefRef

Controlgroup10.4(1.2,19.6)0.0310.6(0.2,21.1)0.045

Abbreviations:ADL,activitiesofdailyliving;KOOS,KneeInjuryandOsteoarthritisOutcomeScore;QoL,QualityofLife.
a
Adjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
b
MeandifferenceinKOOSscorefromreferencewith95%confidenceintervalsinparentheses.Negativenumbersimplylowermeanscorethanreference.

TABLE3Theoddsoffailingtoachievethepatient‐acceptablesymptomstatefortheKOOSsubscores.

Failures,n(%)

CrudeAdjusted
a

OR
b

pOR
b

p

KOOSSymptoms

Controlgroup52(44.8%)11

Cartilagecohort40(69.0%)2.7(1.4,5.3)0.0032.7(1.2,6.4)0.020

KOOSPain

Controlgroup51(44.0%11

Cartilagecohort39(67.2%)2.6(1.4,5.1)0.0043.0(1.3,7.0)0.010

KOOSactivitiesofdailyliving

Controlgroup57(49.1%)11

Cartilagecohort34(58.6%)1.5(0.8,2.8)0.2392.1(0.9,4.6)0.076

KOOSQualityofLife

Controlgroup53(45.7%)11

Cartilagecohort38(65.5%)2.3(1.2,4.3)0.0142.4(1.0,5.5)0.041

Abbreviation:KOOS,KneeInjuryandOsteoarthritisOutcomeScore.
a
Adjustedforageatarthroplastysurgery,levelofeducation,primaryorrevisionarthroplasty,sex,typeofarthroplastyandpreviousipsilateralkneesurgeryinaddition
tocartilagesurgery.
b
Oddsratiofromtheregressionmodelwith95%confidenceintervalsinparentheses.

366|PREVIOUSCARTILAGESURGERYAFTERKNEEARTHROPLASTY

 1
43

37
34

7,
 2

02
4,

 2
, D

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//e
ss

ka
jo

ur
na

ls
.o

nl
in

el
ib

ra
ry

.w
ile

y.
co

m
/d

oi
/1

0.
10

02
/k

sa
.1

20
50

 b
y 

N
or

w
eg

ia
n 

In
st

itu
te

 O
f 

Pu
bl

ic
 H

ea
lt 

In
vo

ic
e 

R
ec

ei
pt

 D
FO

, W
ile

y 
O

nl
in

e 
L

ib
ra

ry
 o

n 
[1

8/
06

/2
02

4]
. S

ee
 th

e 
T

er
m

s 
an

d 
C

on
di

tio
ns

 (
ht

tp
s:

//o
nl

in
el

ib
ra

ry
.w

ile
y.

co
m

/te
rm

s-
an

d-
co

nd
iti

on
s)

 o
n 

W
ile

y 
O

nl
in

e 
L

ib
ra

ry
 f

or
 r

ul
es

 o
f 

us
e;

 O
A

 a
rt

ic
le

s 
ar

e 
go

ve
rn

ed
 b

y 
th

e 
ap

pl
ic

ab
le

 C
re

at
iv

e 
C

om
m

on
s 

L
ic

en
se



arthroplasty patients [21–23]. However, a recent meta‐
analysis by Zhang et al. [24] found that previous knee
surgery had a negative effect on postoperative PROMs in
knee arthroplasty patients. In the present study, the
patients in the cartilage cohort had significantly more
surgical procedures in addition to their cartilage surgery
than those in the control group. To reduce the risk of
these additional procedures confounding the analysis of
the KOOS score, the regression models were adjusted
for any additional surgical procedures apart from cartilage
surgery and purely diagnostic arthroscopy. The sensitivity
analysis (Supporting Information S1: Table 1) without this
adjustment, also demonstrated inferior results in the
cartilage cohort for KOOS Symptoms and Pain, but not
for QoL. This supports the findings of Zhang et al. [24].

There were also significantly more revision arthro-
plasties in the cartilage cohort. Although this variable
was part of the matching procedure, a complete match
was not achieved due to variations in response rates.
The regression models were thus adjusted for primary
versus revision arthroplasty. The sensitivity analysis
including only primary knee arthroplasty (Supporting
Information S1: Table 2) showed equivalent results to
the original analysis, indicating that the models
adequately adjusted for revision knee arthroplasty.

Significantly lower KOOS Symptoms, Pain, and QoL
subscores after knee arthroplasty were demonstrated in
the previous cartilage cohort. This concurs with the
findings of Ansari et al. [11] in a cohort of 21 previous
microfracture patients with a mean 7.8 points lower
improvement in the Knee Society Score (KSS) in the
cartilage cohort than in a matched group of knee
arthroplasty patients. The difference in KSS is, however,
below the clinically important difference demonstrated by
Lizaur‑Utrilla et al. [25]. Ansari et al. [11] did not report any
power analysis prior to analysing the KSS results and the
power analysis of the present study suggests that the
Ansari study was underpowered.

Frank et al. [12] presented 13 knee arthroplasty
patients with previous chondral auto/allograft matched
1:1 to a cohort of knee arthroplasty patients with
osteoarthritis, finding a mean KSS improvement of 16
points lower in the cartilage cohort. However, they
included patients with concomitant meniscal allograft in
the cartilage cohort, which could have substantially
confounded their results.

This represents the first study of patient‐reported
results in knee arthroplasty patients with previous
cartilage lesions where PASS is reported. Reporting the
percentage of patients having reached the PASS
threshold offers several advantages, as outlined in a
recent review by Mabrouk et al. [26]. It ensures that
identified differences are not only statistically signifi-
cant but also clinically relevant. Significantly better odds
of reaching PASS threshold in the control group than in
the cartilage cohort for the KOOS Symptoms, Pain and
QoL subscores were found, and PASS was not reached

by two‐thirds of the cartilage cohort. This supports the
findings of lower KOOS subscores in the cartilage cohort.

The reason for inferior results in the cartilage cohort
remains elusive. However, several explanations for
why previous FCLs still seem to result in inferior patient
satisfaction after knee arthroplasty surgery could be
considered. There is likely to be substantial selection
bias in which cartilage patients need a knee arthro-
plasty. Psychological factors have been shown to
influence PROMs [27] and knee arthroplasty patients
with failed cartilage surgery might have more psycho-
logical issues than the average knee arthroplasty
patients. In a recent review by Olsen et al. [28],
preoperative pain catastrophizing was associated with
worse pain in knee arthroplasty patients. Furthermore,
Sellevold et al. [29] found preoperative duration of pain
and psychological stress to be associated with less
improvement after knee arthroplasty surgery. The
cartilage cohort might have experienced a longer
duration of knee pain prior to the knee arthroplasty
than the control group. One or more FCLs have been
shown to alter the knee homeostasis [30], potentially
reducing knee function even after a knee arthroplasty.

The main strength of the present study was the high
number of included patients with knee arthroplasty after a
previous arthroscopically verified and symptomatic FCL
in the ipsilateral knee. The follow‐up period after knee
arthroplasty was mid‐ to long‐term, and several studies
have shown stable PROMs from 1 year postoperative in
knee arthroplasty patients [31–33]. The previous FCL
patients with patellofemoral or unicompartmental knee
arthroplasty had received knee arthroplasty in the
compartment where the previous FCL was located,
suggesting a correlation between the FCL and the
subsequent knee arthroplasty. Any additional ipsilateral
knee surgery was reported by the participants in the
questionnaire, reducing the risk of overlooking any
surgery performed at another hospital.

There were several limitations to this study. The
necessary number of FCL knees required by the preinclu-
sion power analysis was not met, with a shortfall of six
knees. To reduce the risk of an underpowered analysis, an
analysis of whether patients' self‐reported KOOS sub-
scores were above the PASS threshold was performed.

Only 67% of eligible patients agreed to participate in
the present study, potentially introducing bias to the
results. Furthermore, radiographs before the knee arthro-
plasty were not available and there could have been a
discrepancy in the degree of osteoarthritis in the FCL
group and the control group. However, Dowsey et al. [34]
found no association between Kellgren–Lawrence scores
and preoperative PROMs in knee arthroplasty patients.
Preoperative PROMs were not available, and these are
known to be a key factor in determining the postoperative
PROM scores [10, 35, 36]. There could have been a
discrepancy in the preoperative KOOS scores between
the groups. However, several studies have demonstrated
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arthroplastypatients[21–23].However,arecentmeta‐
analysisbyZhangetal.[24]foundthatpreviousknee
surgeryhadanegativeeffectonpostoperativePROMsin
kneearthroplastypatients.Inthepresentstudy,the
patientsinthecartilagecohorthadsignificantlymore
surgicalproceduresinadditiontotheircartilagesurgery
thanthoseinthecontrolgroup.Toreducetheriskof
theseadditionalproceduresconfoundingtheanalysisof
theKOOSscore,theregressionmodelswereadjusted
foranyadditionalsurgicalproceduresapartfromcartilage
surgeryandpurelydiagnosticarthroscopy.Thesensitivity
analysis(SupportingInformationS1:Table1)withoutthis
adjustment,alsodemonstratedinferiorresultsinthe
cartilagecohortforKOOSSymptomsandPain,butnot
forQoL.ThissupportsthefindingsofZhangetal.[24].

Therewerealsosignificantlymorerevisionarthro-
plastiesinthecartilagecohort.Althoughthisvariable
waspartofthematchingprocedure,acompletematch
wasnotachievedduetovariationsinresponserates.
Theregressionmodelswerethusadjustedforprimary
versusrevisionarthroplasty.Thesensitivityanalysis
includingonlyprimarykneearthroplasty(Supporting
InformationS1:Table2)showedequivalentresultsto
theoriginalanalysis,indicatingthatthemodels
adequatelyadjustedforrevisionkneearthroplasty.

SignificantlylowerKOOSSymptoms,Pain,andQoL
subscoresafterkneearthroplastyweredemonstratedin
thepreviouscartilagecohort.Thisconcurswiththe
findingsofAnsarietal.[11]inacohortof21previous
microfracturepatientswithamean7.8pointslower
improvementintheKneeSocietyScore(KSS)inthe
cartilagecohortthaninamatchedgroupofknee
arthroplastypatients.ThedifferenceinKSSis,however,
belowtheclinicallyimportantdifferencedemonstratedby
Lizaur‑Utrillaetal.[25].Ansarietal.[11]didnotreportany
poweranalysispriortoanalysingtheKSSresultsandthe
poweranalysisofthepresentstudysuggeststhatthe
Ansaristudywasunderpowered.

Franketal.[12]presented13kneearthroplasty
patientswithpreviouschondralauto/allograftmatched
1:1toacohortofkneearthroplastypatientswith
osteoarthritis,findingameanKSSimprovementof16
pointslowerinthecartilagecohort.However,they
includedpatientswithconcomitantmeniscalallograftin
thecartilagecohort,whichcouldhavesubstantially
confoundedtheirresults.

Thisrepresentsthefirststudyofpatient‐reported
resultsinkneearthroplastypatientswithprevious
cartilagelesionswherePASSisreported.Reportingthe
percentageofpatientshavingreachedthePASS
thresholdoffersseveraladvantages,asoutlinedina
recentreviewbyMabrouketal.[26].Itensuresthat
identifieddifferencesarenotonlystatisticallysignifi-
cantbutalsoclinicallyrelevant.Significantlybetterodds
ofreachingPASSthresholdinthecontrolgroupthanin
thecartilagecohortfortheKOOSSymptoms,Painand
QoLsubscoreswerefound,andPASSwasnotreached

bytwo‐thirdsofthecartilagecohort.Thissupportsthe
findingsoflowerKOOSsubscoresinthecartilagecohort.

Thereasonforinferiorresultsinthecartilagecohort
remainselusive.However,severalexplanationsfor
whypreviousFCLsstillseemtoresultininferiorpatient
satisfactionafterkneearthroplastysurgerycouldbe
considered.Thereislikelytobesubstantialselection
biasinwhichcartilagepatientsneedakneearthro-
plasty.Psychologicalfactorshavebeenshownto
influencePROMs[27]andkneearthroplastypatients
withfailedcartilagesurgerymighthavemorepsycho-
logicalissuesthantheaveragekneearthroplasty
patients.InarecentreviewbyOlsenetal.[28],
preoperativepaincatastrophizingwasassociatedwith
worsepaininkneearthroplastypatients.Furthermore,
Sellevoldetal.[29]foundpreoperativedurationofpain
andpsychologicalstresstobeassociatedwithless
improvementafterkneearthroplastysurgery.The
cartilagecohortmighthaveexperiencedalonger
durationofkneepainpriortothekneearthroplasty
thanthecontrolgroup.OneormoreFCLshavebeen
showntoalterthekneehomeostasis[30],potentially
reducingkneefunctionevenafterakneearthroplasty.

Themainstrengthofthepresentstudywasthehigh
numberofincludedpatientswithkneearthroplastyaftera
previousarthroscopicallyverifiedandsymptomaticFCL
intheipsilateralknee.Thefollow‐upperiodafterknee
arthroplastywasmid‐tolong‐term,andseveralstudies
haveshownstablePROMsfrom1yearpostoperativein
kneearthroplastypatients[31–33].ThepreviousFCL
patientswithpatellofemoralorunicompartmentalknee
arthroplastyhadreceivedkneearthroplastyinthe
compartmentwherethepreviousFCLwaslocated,
suggestingacorrelationbetweentheFCLandthe
subsequentkneearthroplasty.Anyadditionalipsilateral
kneesurgerywasreportedbytheparticipantsinthe
questionnaire,reducingtheriskofoverlookingany
surgeryperformedatanotherhospital.

Therewereseverallimitationstothisstudy.The
necessarynumberofFCLkneesrequiredbythepreinclu-
sionpoweranalysiswasnotmet,withashortfallofsix
knees.Toreducetheriskofanunderpoweredanalysis,an
analysisofwhetherpatients'self‐reportedKOOSsub-
scoreswereabovethePASSthresholdwasperformed.

Only67%ofeligiblepatientsagreedtoparticipatein
thepresentstudy,potentiallyintroducingbiastothe
results.Furthermore,radiographsbeforethekneearthro-
plastywerenotavailableandtherecouldhavebeena
discrepancyinthedegreeofosteoarthritisintheFCL
groupandthecontrolgroup.However,Dowseyetal.[34]
foundnoassociationbetweenKellgren–Lawrencescores
andpreoperativePROMsinkneearthroplastypatients.
PreoperativePROMswerenotavailable,andtheseare
knowntobeakeyfactorindeterminingthepostoperative
PROMscores[10,35,36].Therecouldhavebeena
discrepancyinthepreoperativeKOOSscoresbetween
thegroups.However,severalstudieshavedemonstrated
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arthroplastypatients[21–23].However,arecentmeta‐
analysisbyZhangetal.[24]foundthatpreviousknee
surgeryhadanegativeeffectonpostoperativePROMsin
kneearthroplastypatients.Inthepresentstudy,the
patientsinthecartilagecohorthadsignificantlymore
surgicalproceduresinadditiontotheircartilagesurgery
thanthoseinthecontrolgroup.Toreducetheriskof
theseadditionalproceduresconfoundingtheanalysisof
theKOOSscore,theregressionmodelswereadjusted
foranyadditionalsurgicalproceduresapartfromcartilage
surgeryandpurelydiagnosticarthroscopy.Thesensitivity
analysis(SupportingInformationS1:Table1)withoutthis
adjustment,alsodemonstratedinferiorresultsinthe
cartilagecohortforKOOSSymptomsandPain,butnot
forQoL.ThissupportsthefindingsofZhangetal.[24].

Therewerealsosignificantlymorerevisionarthro-
plastiesinthecartilagecohort.Althoughthisvariable
waspartofthematchingprocedure,acompletematch
wasnotachievedduetovariationsinresponserates.
Theregressionmodelswerethusadjustedforprimary
versusrevisionarthroplasty.Thesensitivityanalysis
includingonlyprimarykneearthroplasty(Supporting
InformationS1:Table2)showedequivalentresultsto
theoriginalanalysis,indicatingthatthemodels
adequatelyadjustedforrevisionkneearthroplasty.

SignificantlylowerKOOSSymptoms,Pain,andQoL
subscoresafterkneearthroplastyweredemonstratedin
thepreviouscartilagecohort.Thisconcurswiththe
findingsofAnsarietal.[11]inacohortof21previous
microfracturepatientswithamean7.8pointslower
improvementintheKneeSocietyScore(KSS)inthe
cartilagecohortthaninamatchedgroupofknee
arthroplastypatients.ThedifferenceinKSSis,however,
belowtheclinicallyimportantdifferencedemonstratedby
Lizaur‑Utrillaetal.[25].Ansarietal.[11]didnotreportany
poweranalysispriortoanalysingtheKSSresultsandthe
poweranalysisofthepresentstudysuggeststhatthe
Ansaristudywasunderpowered.

Franketal.[12]presented13kneearthroplasty
patientswithpreviouschondralauto/allograftmatched
1:1toacohortofkneearthroplastypatientswith
osteoarthritis,findingameanKSSimprovementof16
pointslowerinthecartilagecohort.However,they
includedpatientswithconcomitantmeniscalallograftin
thecartilagecohort,whichcouldhavesubstantially
confoundedtheirresults.

Thisrepresentsthefirststudyofpatient‐reported
resultsinkneearthroplastypatientswithprevious
cartilagelesionswherePASSisreported.Reportingthe
percentageofpatientshavingreachedthePASS
thresholdoffersseveraladvantages,asoutlinedina
recentreviewbyMabrouketal.[26].Itensuresthat
identifieddifferencesarenotonlystatisticallysignifi-
cantbutalsoclinicallyrelevant.Significantlybetterodds
ofreachingPASSthresholdinthecontrolgroupthanin
thecartilagecohortfortheKOOSSymptoms,Painand
QoLsubscoreswerefound,andPASSwasnotreached

bytwo‐thirdsofthecartilagecohort.Thissupportsthe
findingsoflowerKOOSsubscoresinthecartilagecohort.

Thereasonforinferiorresultsinthecartilagecohort
remainselusive.However,severalexplanationsfor
whypreviousFCLsstillseemtoresultininferiorpatient
satisfactionafterkneearthroplastysurgerycouldbe
considered.Thereislikelytobesubstantialselection
biasinwhichcartilagepatientsneedakneearthro-
plasty.Psychologicalfactorshavebeenshownto
influencePROMs[27]andkneearthroplastypatients
withfailedcartilagesurgerymighthavemorepsycho-
logicalissuesthantheaveragekneearthroplasty
patients.InarecentreviewbyOlsenetal.[28],
preoperativepaincatastrophizingwasassociatedwith
worsepaininkneearthroplastypatients.Furthermore,
Sellevoldetal.[29]foundpreoperativedurationofpain
andpsychologicalstresstobeassociatedwithless
improvementafterkneearthroplastysurgery.The
cartilagecohortmighthaveexperiencedalonger
durationofkneepainpriortothekneearthroplasty
thanthecontrolgroup.OneormoreFCLshavebeen
showntoalterthekneehomeostasis[30],potentially
reducingkneefunctionevenafterakneearthroplasty.

Themainstrengthofthepresentstudywasthehigh
numberofincludedpatientswithkneearthroplastyaftera
previousarthroscopicallyverifiedandsymptomaticFCL
intheipsilateralknee.Thefollow‐upperiodafterknee
arthroplastywasmid‐tolong‐term,andseveralstudies
haveshownstablePROMsfrom1yearpostoperativein
kneearthroplastypatients[31–33].ThepreviousFCL
patientswithpatellofemoralorunicompartmentalknee
arthroplastyhadreceivedkneearthroplastyinthe
compartmentwherethepreviousFCLwaslocated,
suggestingacorrelationbetweentheFCLandthe
subsequentkneearthroplasty.Anyadditionalipsilateral
kneesurgerywasreportedbytheparticipantsinthe
questionnaire,reducingtheriskofoverlookingany
surgeryperformedatanotherhospital.

Therewereseverallimitationstothisstudy.The
necessarynumberofFCLkneesrequiredbythepreinclu-
sionpoweranalysiswasnotmet,withashortfallofsix
knees.Toreducetheriskofanunderpoweredanalysis,an
analysisofwhetherpatients'self‐reportedKOOSsub-
scoreswereabovethePASSthresholdwasperformed.

Only67%ofeligiblepatientsagreedtoparticipatein
thepresentstudy,potentiallyintroducingbiastothe
results.Furthermore,radiographsbeforethekneearthro-
plastywerenotavailableandtherecouldhavebeena
discrepancyinthedegreeofosteoarthritisintheFCL
groupandthecontrolgroup.However,Dowseyetal.[34]
foundnoassociationbetweenKellgren–Lawrencescores
andpreoperativePROMsinkneearthroplastypatients.
PreoperativePROMswerenotavailable,andtheseare
knowntobeakeyfactorindeterminingthepostoperative
PROMscores[10,35,36].Therecouldhavebeena
discrepancyinthepreoperativeKOOSscoresbetween
thegroups.However,severalstudieshavedemonstrated
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arthroplasty patients [21–23]. However, a recent meta‐
analysis by Zhang et al. [24] found that previous knee
surgery had a negative effect on postoperative PROMs in
knee arthroplasty patients. In the present study, the
patients in the cartilage cohort had significantly more
surgical procedures in addition to their cartilage surgery
than those in the control group. To reduce the risk of
these additional procedures confounding the analysis of
the KOOS score, the regression models were adjusted
for any additional surgical procedures apart from cartilage
surgery and purely diagnostic arthroscopy. The sensitivity
analysis (Supporting Information S1: Table 1) without this
adjustment, also demonstrated inferior results in the
cartilage cohort for KOOS Symptoms and Pain, but not
for QoL. This supports the findings of Zhang et al. [24].

There were also significantly more revision arthro-
plasties in the cartilage cohort. Although this variable
was part of the matching procedure, a complete match
was not achieved due to variations in response rates.
The regression models were thus adjusted for primary
versus revision arthroplasty. The sensitivity analysis
including only primary knee arthroplasty (Supporting
Information S1: Table 2) showed equivalent results to
the original analysis, indicating that the models
adequately adjusted for revision knee arthroplasty.

Significantly lower KOOS Symptoms, Pain, and QoL
subscores after knee arthroplasty were demonstrated in
the previous cartilage cohort. This concurs with the
findings of Ansari et al. [11] in a cohort of 21 previous
microfracture patients with a mean 7.8 points lower
improvement in the Knee Society Score (KSS) in the
cartilage cohort than in a matched group of knee
arthroplasty patients. The difference in KSS is, however,
below the clinically important difference demonstrated by
Lizaur‑Utrilla et al. [25]. Ansari et al. [11] did not report any
power analysis prior to analysing the KSS results and the
power analysis of the present study suggests that the
Ansari study was underpowered.

Frank et al. [12] presented 13 knee arthroplasty
patients with previous chondral auto/allograft matched
1:1 to a cohort of knee arthroplasty patients with
osteoarthritis, finding a mean KSS improvement of 16
points lower in the cartilage cohort. However, they
included patients with concomitant meniscal allograft in
the cartilage cohort, which could have substantially
confounded their results.

This represents the first study of patient‐reported
results in knee arthroplasty patients with previous
cartilage lesions where PASS is reported. Reporting the
percentage of patients having reached the PASS
threshold offers several advantages, as outlined in a
recent review by Mabrouk et al. [26]. It ensures that
identified differences are not only statistically signifi-
cant but also clinically relevant. Significantly better odds
of reaching PASS threshold in the control group than in
the cartilage cohort for the KOOS Symptoms, Pain and
QoL subscores were found, and PASS was not reached

by two‐thirds of the cartilage cohort. This supports the
findings of lower KOOS subscores in the cartilage cohort.

The reason for inferior results in the cartilage cohort
remains elusive. However, several explanations for
why previous FCLs still seem to result in inferior patient
satisfaction after knee arthroplasty surgery could be
considered. There is likely to be substantial selection
bias in which cartilage patients need a knee arthro-
plasty. Psychological factors have been shown to
influence PROMs [27] and knee arthroplasty patients
with failed cartilage surgery might have more psycho-
logical issues than the average knee arthroplasty
patients. In a recent review by Olsen et al. [28],
preoperative pain catastrophizing was associated with
worse pain in knee arthroplasty patients. Furthermore,
Sellevold et al. [29] found preoperative duration of pain
and psychological stress to be associated with less
improvement after knee arthroplasty surgery. The
cartilage cohort might have experienced a longer
duration of knee pain prior to the knee arthroplasty
than the control group. One or more FCLs have been
shown to alter the knee homeostasis [30], potentially
reducing knee function even after a knee arthroplasty.

The main strength of the present study was the high
number of included patients with knee arthroplasty after a
previous arthroscopically verified and symptomatic FCL
in the ipsilateral knee. The follow‐up period after knee
arthroplasty was mid‐ to long‐term, and several studies
have shown stable PROMs from 1 year postoperative in
knee arthroplasty patients [31–33]. The previous FCL
patients with patellofemoral or unicompartmental knee
arthroplasty had received knee arthroplasty in the
compartment where the previous FCL was located,
suggesting a correlation between the FCL and the
subsequent knee arthroplasty. Any additional ipsilateral
knee surgery was reported by the participants in the
questionnaire, reducing the risk of overlooking any
surgery performed at another hospital.

There were several limitations to this study. The
necessary number of FCL knees required by the preinclu-
sion power analysis was not met, with a shortfall of six
knees. To reduce the risk of an underpowered analysis, an
analysis of whether patients' self‐reported KOOS sub-
scores were above the PASS threshold was performed.

Only 67% of eligible patients agreed to participate in
the present study, potentially introducing bias to the
results. Furthermore, radiographs before the knee arthro-
plasty were not available and there could have been a
discrepancy in the degree of osteoarthritis in the FCL
group and the control group. However, Dowsey et al. [34]
found no association between Kellgren–Lawrence scores
and preoperative PROMs in knee arthroplasty patients.
Preoperative PROMs were not available, and these are
known to be a key factor in determining the postoperative
PROM scores [10, 35, 36]. There could have been a
discrepancy in the preoperative KOOS scores between
the groups. However, several studies have demonstrated
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arthroplasty patients [21–23]. However, a recent meta‐
analysis by Zhang et al. [24] found that previous knee
surgery had a negative effect on postoperative PROMs in
knee arthroplasty patients. In the present study, the
patients in the cartilage cohort had significantly more
surgical procedures in addition to their cartilage surgery
than those in the control group. To reduce the risk of
these additional procedures confounding the analysis of
the KOOS score, the regression models were adjusted
for any additional surgical procedures apart from cartilage
surgery and purely diagnostic arthroscopy. The sensitivity
analysis (Supporting Information S1: Table 1) without this
adjustment, also demonstrated inferior results in the
cartilage cohort for KOOS Symptoms and Pain, but not
for QoL. This supports the findings of Zhang et al. [24].

There were also significantly more revision arthro-
plasties in the cartilage cohort. Although this variable
was part of the matching procedure, a complete match
was not achieved due to variations in response rates.
The regression models were thus adjusted for primary
versus revision arthroplasty. The sensitivity analysis
including only primary knee arthroplasty (Supporting
Information S1: Table 2) showed equivalent results to
the original analysis, indicating that the models
adequately adjusted for revision knee arthroplasty.

Significantly lower KOOS Symptoms, Pain, and QoL
subscores after knee arthroplasty were demonstrated in
the previous cartilage cohort. This concurs with the
findings of Ansari et al. [11] in a cohort of 21 previous
microfracture patients with a mean 7.8 points lower
improvement in the Knee Society Score (KSS) in the
cartilage cohort than in a matched group of knee
arthroplasty patients. The difference in KSS is, however,
below the clinically important difference demonstrated by
Lizaur‑Utrilla et al. [25]. Ansari et al. [11] did not report any
power analysis prior to analysing the KSS results and the
power analysis of the present study suggests that the
Ansari study was underpowered.

Frank et al. [12] presented 13 knee arthroplasty
patients with previous chondral auto/allograft matched
1:1 to a cohort of knee arthroplasty patients with
osteoarthritis, finding a mean KSS improvement of 16
points lower in the cartilage cohort. However, they
included patients with concomitant meniscal allograft in
the cartilage cohort, which could have substantially
confounded their results.

This represents the first study of patient‐reported
results in knee arthroplasty patients with previous
cartilage lesions where PASS is reported. Reporting the
percentage of patients having reached the PASS
threshold offers several advantages, as outlined in a
recent review by Mabrouk et al. [26]. It ensures that
identified differences are not only statistically signifi-
cant but also clinically relevant. Significantly better odds
of reaching PASS threshold in the control group than in
the cartilage cohort for the KOOS Symptoms, Pain and
QoL subscores were found, and PASS was not reached

by two‐thirds of the cartilage cohort. This supports the
findings of lower KOOS subscores in the cartilage cohort.

The reason for inferior results in the cartilage cohort
remains elusive. However, several explanations for
why previous FCLs still seem to result in inferior patient
satisfaction after knee arthroplasty surgery could be
considered. There is likely to be substantial selection
bias in which cartilage patients need a knee arthro-
plasty. Psychological factors have been shown to
influence PROMs [27] and knee arthroplasty patients
with failed cartilage surgery might have more psycho-
logical issues than the average knee arthroplasty
patients. In a recent review by Olsen et al. [28],
preoperative pain catastrophizing was associated with
worse pain in knee arthroplasty patients. Furthermore,
Sellevold et al. [29] found preoperative duration of pain
and psychological stress to be associated with less
improvement after knee arthroplasty surgery. The
cartilage cohort might have experienced a longer
duration of knee pain prior to the knee arthroplasty
than the control group. One or more FCLs have been
shown to alter the knee homeostasis [30], potentially
reducing knee function even after a knee arthroplasty.

The main strength of the present study was the high
number of included patients with knee arthroplasty after a
previous arthroscopically verified and symptomatic FCL
in the ipsilateral knee. The follow‐up period after knee
arthroplasty was mid‐ to long‐term, and several studies
have shown stable PROMs from 1 year postoperative in
knee arthroplasty patients [31–33]. The previous FCL
patients with patellofemoral or unicompartmental knee
arthroplasty had received knee arthroplasty in the
compartment where the previous FCL was located,
suggesting a correlation between the FCL and the
subsequent knee arthroplasty. Any additional ipsilateral
knee surgery was reported by the participants in the
questionnaire, reducing the risk of overlooking any
surgery performed at another hospital.

There were several limitations to this study. The
necessary number of FCL knees required by the preinclu-
sion power analysis was not met, with a shortfall of six
knees. To reduce the risk of an underpowered analysis, an
analysis of whether patients' self‐reported KOOS sub-
scores were above the PASS threshold was performed.

Only 67% of eligible patients agreed to participate in
the present study, potentially introducing bias to the
results. Furthermore, radiographs before the knee arthro-
plasty were not available and there could have been a
discrepancy in the degree of osteoarthritis in the FCL
group and the control group. However, Dowsey et al. [34]
found no association between Kellgren–Lawrence scores
and preoperative PROMs in knee arthroplasty patients.
Preoperative PROMs were not available, and these are
known to be a key factor in determining the postoperative
PROM scores [10, 35, 36]. There could have been a
discrepancy in the preoperative KOOS scores between
the groups. However, several studies have demonstrated
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arthroplastypatients[21–23].However,arecentmeta‐
analysisbyZhangetal.[24]foundthatpreviousknee
surgeryhadanegativeeffectonpostoperativePROMsin
kneearthroplastypatients.Inthepresentstudy,the
patientsinthecartilagecohorthadsignificantlymore
surgicalproceduresinadditiontotheircartilagesurgery
thanthoseinthecontrolgroup.Toreducetheriskof
theseadditionalproceduresconfoundingtheanalysisof
theKOOSscore,theregressionmodelswereadjusted
foranyadditionalsurgicalproceduresapartfromcartilage
surgeryandpurelydiagnosticarthroscopy.Thesensitivity
analysis(SupportingInformationS1:Table1)withoutthis
adjustment,alsodemonstratedinferiorresultsinthe
cartilagecohortforKOOSSymptomsandPain,butnot
forQoL.ThissupportsthefindingsofZhangetal.[24].

Therewerealsosignificantlymorerevisionarthro-
plastiesinthecartilagecohort.Althoughthisvariable
waspartofthematchingprocedure,acompletematch
wasnotachievedduetovariationsinresponserates.
Theregressionmodelswerethusadjustedforprimary
versusrevisionarthroplasty.Thesensitivityanalysis
includingonlyprimarykneearthroplasty(Supporting
InformationS1:Table2)showedequivalentresultsto
theoriginalanalysis,indicatingthatthemodels
adequatelyadjustedforrevisionkneearthroplasty.

SignificantlylowerKOOSSymptoms,Pain,andQoL
subscoresafterkneearthroplastyweredemonstratedin
thepreviouscartilagecohort.Thisconcurswiththe
findingsofAnsarietal.[11]inacohortof21previous
microfracturepatientswithamean7.8pointslower
improvementintheKneeSocietyScore(KSS)inthe
cartilagecohortthaninamatchedgroupofknee
arthroplastypatients.ThedifferenceinKSSis,however,
belowtheclinicallyimportantdifferencedemonstratedby
Lizaur‑Utrillaetal.[25].Ansarietal.[11]didnotreportany
poweranalysispriortoanalysingtheKSSresultsandthe
poweranalysisofthepresentstudysuggeststhatthe
Ansaristudywasunderpowered.

Franketal.[12]presented13kneearthroplasty
patientswithpreviouschondralauto/allograftmatched
1:1toacohortofkneearthroplastypatientswith
osteoarthritis,findingameanKSSimprovementof16
pointslowerinthecartilagecohort.However,they
includedpatientswithconcomitantmeniscalallograftin
thecartilagecohort,whichcouldhavesubstantially
confoundedtheirresults.

Thisrepresentsthefirststudyofpatient‐reported
resultsinkneearthroplastypatientswithprevious
cartilagelesionswherePASSisreported.Reportingthe
percentageofpatientshavingreachedthePASS
thresholdoffersseveraladvantages,asoutlinedina
recentreviewbyMabrouketal.[26].Itensuresthat
identifieddifferencesarenotonlystatisticallysignifi-
cantbutalsoclinicallyrelevant.Significantlybetterodds
ofreachingPASSthresholdinthecontrolgroupthanin
thecartilagecohortfortheKOOSSymptoms,Painand
QoLsubscoreswerefound,andPASSwasnotreached

bytwo‐thirdsofthecartilagecohort.Thissupportsthe
findingsoflowerKOOSsubscoresinthecartilagecohort.

Thereasonforinferiorresultsinthecartilagecohort
remainselusive.However,severalexplanationsfor
whypreviousFCLsstillseemtoresultininferiorpatient
satisfactionafterkneearthroplastysurgerycouldbe
considered.Thereislikelytobesubstantialselection
biasinwhichcartilagepatientsneedakneearthro-
plasty.Psychologicalfactorshavebeenshownto
influencePROMs[27]andkneearthroplastypatients
withfailedcartilagesurgerymighthavemorepsycho-
logicalissuesthantheaveragekneearthroplasty
patients.InarecentreviewbyOlsenetal.[28],
preoperativepaincatastrophizingwasassociatedwith
worsepaininkneearthroplastypatients.Furthermore,
Sellevoldetal.[29]foundpreoperativedurationofpain
andpsychologicalstresstobeassociatedwithless
improvementafterkneearthroplastysurgery.The
cartilagecohortmighthaveexperiencedalonger
durationofkneepainpriortothekneearthroplasty
thanthecontrolgroup.OneormoreFCLshavebeen
showntoalterthekneehomeostasis[30],potentially
reducingkneefunctionevenafterakneearthroplasty.

Themainstrengthofthepresentstudywasthehigh
numberofincludedpatientswithkneearthroplastyaftera
previousarthroscopicallyverifiedandsymptomaticFCL
intheipsilateralknee.Thefollow‐upperiodafterknee
arthroplastywasmid‐tolong‐term,andseveralstudies
haveshownstablePROMsfrom1yearpostoperativein
kneearthroplastypatients[31–33].ThepreviousFCL
patientswithpatellofemoralorunicompartmentalknee
arthroplastyhadreceivedkneearthroplastyinthe
compartmentwherethepreviousFCLwaslocated,
suggestingacorrelationbetweentheFCLandthe
subsequentkneearthroplasty.Anyadditionalipsilateral
kneesurgerywasreportedbytheparticipantsinthe
questionnaire,reducingtheriskofoverlookingany
surgeryperformedatanotherhospital.

Therewereseverallimitationstothisstudy.The
necessarynumberofFCLkneesrequiredbythepreinclu-
sionpoweranalysiswasnotmet,withashortfallofsix
knees.Toreducetheriskofanunderpoweredanalysis,an
analysisofwhetherpatients'self‐reportedKOOSsub-
scoreswereabovethePASSthresholdwasperformed.

Only67%ofeligiblepatientsagreedtoparticipatein
thepresentstudy,potentiallyintroducingbiastothe
results.Furthermore,radiographsbeforethekneearthro-
plastywerenotavailableandtherecouldhavebeena
discrepancyinthedegreeofosteoarthritisintheFCL
groupandthecontrolgroup.However,Dowseyetal.[34]
foundnoassociationbetweenKellgren–Lawrencescores
andpreoperativePROMsinkneearthroplastypatients.
PreoperativePROMswerenotavailable,andtheseare
knowntobeakeyfactorindeterminingthepostoperative
PROMscores[10,35,36].Therecouldhavebeena
discrepancyinthepreoperativeKOOSscoresbetween
thegroups.However,severalstudieshavedemonstrated
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arthroplastypatients[21–23].However,arecentmeta‐
analysisbyZhangetal.[24]foundthatpreviousknee
surgeryhadanegativeeffectonpostoperativePROMsin
kneearthroplastypatients.Inthepresentstudy,the
patientsinthecartilagecohorthadsignificantlymore
surgicalproceduresinadditiontotheircartilagesurgery
thanthoseinthecontrolgroup.Toreducetheriskof
theseadditionalproceduresconfoundingtheanalysisof
theKOOSscore,theregressionmodelswereadjusted
foranyadditionalsurgicalproceduresapartfromcartilage
surgeryandpurelydiagnosticarthroscopy.Thesensitivity
analysis(SupportingInformationS1:Table1)withoutthis
adjustment,alsodemonstratedinferiorresultsinthe
cartilagecohortforKOOSSymptomsandPain,butnot
forQoL.ThissupportsthefindingsofZhangetal.[24].

Therewerealsosignificantlymorerevisionarthro-
plastiesinthecartilagecohort.Althoughthisvariable
waspartofthematchingprocedure,acompletematch
wasnotachievedduetovariationsinresponserates.
Theregressionmodelswerethusadjustedforprimary
versusrevisionarthroplasty.Thesensitivityanalysis
includingonlyprimarykneearthroplasty(Supporting
InformationS1:Table2)showedequivalentresultsto
theoriginalanalysis,indicatingthatthemodels
adequatelyadjustedforrevisionkneearthroplasty.

SignificantlylowerKOOSSymptoms,Pain,andQoL
subscoresafterkneearthroplastyweredemonstratedin
thepreviouscartilagecohort.Thisconcurswiththe
findingsofAnsarietal.[11]inacohortof21previous
microfracturepatientswithamean7.8pointslower
improvementintheKneeSocietyScore(KSS)inthe
cartilagecohortthaninamatchedgroupofknee
arthroplastypatients.ThedifferenceinKSSis,however,
belowtheclinicallyimportantdifferencedemonstratedby
Lizaur‑Utrillaetal.[25].Ansarietal.[11]didnotreportany
poweranalysispriortoanalysingtheKSSresultsandthe
poweranalysisofthepresentstudysuggeststhatthe
Ansaristudywasunderpowered.

Franketal.[12]presented13kneearthroplasty
patientswithpreviouschondralauto/allograftmatched
1:1toacohortofkneearthroplastypatientswith
osteoarthritis,findingameanKSSimprovementof16
pointslowerinthecartilagecohort.However,they
includedpatientswithconcomitantmeniscalallograftin
thecartilagecohort,whichcouldhavesubstantially
confoundedtheirresults.

Thisrepresentsthefirststudyofpatient‐reported
resultsinkneearthroplastypatientswithprevious
cartilagelesionswherePASSisreported.Reportingthe
percentageofpatientshavingreachedthePASS
thresholdoffersseveraladvantages,asoutlinedina
recentreviewbyMabrouketal.[26].Itensuresthat
identifieddifferencesarenotonlystatisticallysignifi-
cantbutalsoclinicallyrelevant.Significantlybetterodds
ofreachingPASSthresholdinthecontrolgroupthanin
thecartilagecohortfortheKOOSSymptoms,Painand
QoLsubscoreswerefound,andPASSwasnotreached

bytwo‐thirdsofthecartilagecohort.Thissupportsthe
findingsoflowerKOOSsubscoresinthecartilagecohort.

Thereasonforinferiorresultsinthecartilagecohort
remainselusive.However,severalexplanationsfor
whypreviousFCLsstillseemtoresultininferiorpatient
satisfactionafterkneearthroplastysurgerycouldbe
considered.Thereislikelytobesubstantialselection
biasinwhichcartilagepatientsneedakneearthro-
plasty.Psychologicalfactorshavebeenshownto
influencePROMs[27]andkneearthroplastypatients
withfailedcartilagesurgerymighthavemorepsycho-
logicalissuesthantheaveragekneearthroplasty
patients.InarecentreviewbyOlsenetal.[28],
preoperativepaincatastrophizingwasassociatedwith
worsepaininkneearthroplastypatients.Furthermore,
Sellevoldetal.[29]foundpreoperativedurationofpain
andpsychologicalstresstobeassociatedwithless
improvementafterkneearthroplastysurgery.The
cartilagecohortmighthaveexperiencedalonger
durationofkneepainpriortothekneearthroplasty
thanthecontrolgroup.OneormoreFCLshavebeen
showntoalterthekneehomeostasis[30],potentially
reducingkneefunctionevenafterakneearthroplasty.

Themainstrengthofthepresentstudywasthehigh
numberofincludedpatientswithkneearthroplastyaftera
previousarthroscopicallyverifiedandsymptomaticFCL
intheipsilateralknee.Thefollow‐upperiodafterknee
arthroplastywasmid‐tolong‐term,andseveralstudies
haveshownstablePROMsfrom1yearpostoperativein
kneearthroplastypatients[31–33].ThepreviousFCL
patientswithpatellofemoralorunicompartmentalknee
arthroplastyhadreceivedkneearthroplastyinthe
compartmentwherethepreviousFCLwaslocated,
suggestingacorrelationbetweentheFCLandthe
subsequentkneearthroplasty.Anyadditionalipsilateral
kneesurgerywasreportedbytheparticipantsinthe
questionnaire,reducingtheriskofoverlookingany
surgeryperformedatanotherhospital.

Therewereseverallimitationstothisstudy.The
necessarynumberofFCLkneesrequiredbythepreinclu-
sionpoweranalysiswasnotmet,withashortfallofsix
knees.Toreducetheriskofanunderpoweredanalysis,an
analysisofwhetherpatients'self‐reportedKOOSsub-
scoreswereabovethePASSthresholdwasperformed.

Only67%ofeligiblepatientsagreedtoparticipatein
thepresentstudy,potentiallyintroducingbiastothe
results.Furthermore,radiographsbeforethekneearthro-
plastywerenotavailableandtherecouldhavebeena
discrepancyinthedegreeofosteoarthritisintheFCL
groupandthecontrolgroup.However,Dowseyetal.[34]
foundnoassociationbetweenKellgren–Lawrencescores
andpreoperativePROMsinkneearthroplastypatients.
PreoperativePROMswerenotavailable,andtheseare
knowntobeakeyfactorindeterminingthepostoperative
PROMscores[10,35,36].Therecouldhavebeena
discrepancyinthepreoperativeKOOSscoresbetween
thegroups.However,severalstudieshavedemonstrated
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arthroplastypatients[21–23].However,arecentmeta‐
analysisbyZhangetal.[24]foundthatpreviousknee
surgeryhadanegativeeffectonpostoperativePROMsin
kneearthroplastypatients.Inthepresentstudy,the
patientsinthecartilagecohorthadsignificantlymore
surgicalproceduresinadditiontotheircartilagesurgery
thanthoseinthecontrolgroup.Toreducetheriskof
theseadditionalproceduresconfoundingtheanalysisof
theKOOSscore,theregressionmodelswereadjusted
foranyadditionalsurgicalproceduresapartfromcartilage
surgeryandpurelydiagnosticarthroscopy.Thesensitivity
analysis(SupportingInformationS1:Table1)withoutthis
adjustment,alsodemonstratedinferiorresultsinthe
cartilagecohortforKOOSSymptomsandPain,butnot
forQoL.ThissupportsthefindingsofZhangetal.[24].

Therewerealsosignificantlymorerevisionarthro-
plastiesinthecartilagecohort.Althoughthisvariable
waspartofthematchingprocedure,acompletematch
wasnotachievedduetovariationsinresponserates.
Theregressionmodelswerethusadjustedforprimary
versusrevisionarthroplasty.Thesensitivityanalysis
includingonlyprimarykneearthroplasty(Supporting
InformationS1:Table2)showedequivalentresultsto
theoriginalanalysis,indicatingthatthemodels
adequatelyadjustedforrevisionkneearthroplasty.

SignificantlylowerKOOSSymptoms,Pain,andQoL
subscoresafterkneearthroplastyweredemonstratedin
thepreviouscartilagecohort.Thisconcurswiththe
findingsofAnsarietal.[11]inacohortof21previous
microfracturepatientswithamean7.8pointslower
improvementintheKneeSocietyScore(KSS)inthe
cartilagecohortthaninamatchedgroupofknee
arthroplastypatients.ThedifferenceinKSSis,however,
belowtheclinicallyimportantdifferencedemonstratedby
Lizaur‑Utrillaetal.[25].Ansarietal.[11]didnotreportany
poweranalysispriortoanalysingtheKSSresultsandthe
poweranalysisofthepresentstudysuggeststhatthe
Ansaristudywasunderpowered.

Franketal.[12]presented13kneearthroplasty
patientswithpreviouschondralauto/allograftmatched
1:1toacohortofkneearthroplastypatientswith
osteoarthritis,findingameanKSSimprovementof16
pointslowerinthecartilagecohort.However,they
includedpatientswithconcomitantmeniscalallograftin
thecartilagecohort,whichcouldhavesubstantially
confoundedtheirresults.

Thisrepresentsthefirststudyofpatient‐reported
resultsinkneearthroplastypatientswithprevious
cartilagelesionswherePASSisreported.Reportingthe
percentageofpatientshavingreachedthePASS
thresholdoffersseveraladvantages,asoutlinedina
recentreviewbyMabrouketal.[26].Itensuresthat
identifieddifferencesarenotonlystatisticallysignifi-
cantbutalsoclinicallyrelevant.Significantlybetterodds
ofreachingPASSthresholdinthecontrolgroupthanin
thecartilagecohortfortheKOOSSymptoms,Painand
QoLsubscoreswerefound,andPASSwasnotreached

bytwo‐thirdsofthecartilagecohort.Thissupportsthe
findingsoflowerKOOSsubscoresinthecartilagecohort.

Thereasonforinferiorresultsinthecartilagecohort
remainselusive.However,severalexplanationsfor
whypreviousFCLsstillseemtoresultininferiorpatient
satisfactionafterkneearthroplastysurgerycouldbe
considered.Thereislikelytobesubstantialselection
biasinwhichcartilagepatientsneedakneearthro-
plasty.Psychologicalfactorshavebeenshownto
influencePROMs[27]andkneearthroplastypatients
withfailedcartilagesurgerymighthavemorepsycho-
logicalissuesthantheaveragekneearthroplasty
patients.InarecentreviewbyOlsenetal.[28],
preoperativepaincatastrophizingwasassociatedwith
worsepaininkneearthroplastypatients.Furthermore,
Sellevoldetal.[29]foundpreoperativedurationofpain
andpsychologicalstresstobeassociatedwithless
improvementafterkneearthroplastysurgery.The
cartilagecohortmighthaveexperiencedalonger
durationofkneepainpriortothekneearthroplasty
thanthecontrolgroup.OneormoreFCLshavebeen
showntoalterthekneehomeostasis[30],potentially
reducingkneefunctionevenafterakneearthroplasty.

Themainstrengthofthepresentstudywasthehigh
numberofincludedpatientswithkneearthroplastyaftera
previousarthroscopicallyverifiedandsymptomaticFCL
intheipsilateralknee.Thefollow‐upperiodafterknee
arthroplastywasmid‐tolong‐term,andseveralstudies
haveshownstablePROMsfrom1yearpostoperativein
kneearthroplastypatients[31–33].ThepreviousFCL
patientswithpatellofemoralorunicompartmentalknee
arthroplastyhadreceivedkneearthroplastyinthe
compartmentwherethepreviousFCLwaslocated,
suggestingacorrelationbetweentheFCLandthe
subsequentkneearthroplasty.Anyadditionalipsilateral
kneesurgerywasreportedbytheparticipantsinthe
questionnaire,reducingtheriskofoverlookingany
surgeryperformedatanotherhospital.

Therewereseverallimitationstothisstudy.The
necessarynumberofFCLkneesrequiredbythepreinclu-
sionpoweranalysiswasnotmet,withashortfallofsix
knees.Toreducetheriskofanunderpoweredanalysis,an
analysisofwhetherpatients'self‐reportedKOOSsub-
scoreswereabovethePASSthresholdwasperformed.

Only67%ofeligiblepatientsagreedtoparticipatein
thepresentstudy,potentiallyintroducingbiastothe
results.Furthermore,radiographsbeforethekneearthro-
plastywerenotavailableandtherecouldhavebeena
discrepancyinthedegreeofosteoarthritisintheFCL
groupandthecontrolgroup.However,Dowseyetal.[34]
foundnoassociationbetweenKellgren–Lawrencescores
andpreoperativePROMsinkneearthroplastypatients.
PreoperativePROMswerenotavailable,andtheseare
knowntobeakeyfactorindeterminingthepostoperative
PROMscores[10,35,36].Therecouldhavebeena
discrepancyinthepreoperativeKOOSscoresbetween
thegroups.However,severalstudieshavedemonstrated
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arthroplastypatients[21–23].However,arecentmeta‐
analysisbyZhangetal.[24]foundthatpreviousknee
surgeryhadanegativeeffectonpostoperativePROMsin
kneearthroplastypatients.Inthepresentstudy,the
patientsinthecartilagecohorthadsignificantlymore
surgicalproceduresinadditiontotheircartilagesurgery
thanthoseinthecontrolgroup.Toreducetheriskof
theseadditionalproceduresconfoundingtheanalysisof
theKOOSscore,theregressionmodelswereadjusted
foranyadditionalsurgicalproceduresapartfromcartilage
surgeryandpurelydiagnosticarthroscopy.Thesensitivity
analysis(SupportingInformationS1:Table1)withoutthis
adjustment,alsodemonstratedinferiorresultsinthe
cartilagecohortforKOOSSymptomsandPain,butnot
forQoL.ThissupportsthefindingsofZhangetal.[24].

Therewerealsosignificantlymorerevisionarthro-
plastiesinthecartilagecohort.Althoughthisvariable
waspartofthematchingprocedure,acompletematch
wasnotachievedduetovariationsinresponserates.
Theregressionmodelswerethusadjustedforprimary
versusrevisionarthroplasty.Thesensitivityanalysis
includingonlyprimarykneearthroplasty(Supporting
InformationS1:Table2)showedequivalentresultsto
theoriginalanalysis,indicatingthatthemodels
adequatelyadjustedforrevisionkneearthroplasty.

SignificantlylowerKOOSSymptoms,Pain,andQoL
subscoresafterkneearthroplastyweredemonstratedin
thepreviouscartilagecohort.Thisconcurswiththe
findingsofAnsarietal.[11]inacohortof21previous
microfracturepatientswithamean7.8pointslower
improvementintheKneeSocietyScore(KSS)inthe
cartilagecohortthaninamatchedgroupofknee
arthroplastypatients.ThedifferenceinKSSis,however,
belowtheclinicallyimportantdifferencedemonstratedby
Lizaur‑Utrillaetal.[25].Ansarietal.[11]didnotreportany
poweranalysispriortoanalysingtheKSSresultsandthe
poweranalysisofthepresentstudysuggeststhatthe
Ansaristudywasunderpowered.

Franketal.[12]presented13kneearthroplasty
patientswithpreviouschondralauto/allograftmatched
1:1toacohortofkneearthroplastypatientswith
osteoarthritis,findingameanKSSimprovementof16
pointslowerinthecartilagecohort.However,they
includedpatientswithconcomitantmeniscalallograftin
thecartilagecohort,whichcouldhavesubstantially
confoundedtheirresults.

Thisrepresentsthefirststudyofpatient‐reported
resultsinkneearthroplastypatientswithprevious
cartilagelesionswherePASSisreported.Reportingthe
percentageofpatientshavingreachedthePASS
thresholdoffersseveraladvantages,asoutlinedina
recentreviewbyMabrouketal.[26].Itensuresthat
identifieddifferencesarenotonlystatisticallysignifi-
cantbutalsoclinicallyrelevant.Significantlybetterodds
ofreachingPASSthresholdinthecontrolgroupthanin
thecartilagecohortfortheKOOSSymptoms,Painand
QoLsubscoreswerefound,andPASSwasnotreached

bytwo‐thirdsofthecartilagecohort.Thissupportsthe
findingsoflowerKOOSsubscoresinthecartilagecohort.

Thereasonforinferiorresultsinthecartilagecohort
remainselusive.However,severalexplanationsfor
whypreviousFCLsstillseemtoresultininferiorpatient
satisfactionafterkneearthroplastysurgerycouldbe
considered.Thereislikelytobesubstantialselection
biasinwhichcartilagepatientsneedakneearthro-
plasty.Psychologicalfactorshavebeenshownto
influencePROMs[27]andkneearthroplastypatients
withfailedcartilagesurgerymighthavemorepsycho-
logicalissuesthantheaveragekneearthroplasty
patients.InarecentreviewbyOlsenetal.[28],
preoperativepaincatastrophizingwasassociatedwith
worsepaininkneearthroplastypatients.Furthermore,
Sellevoldetal.[29]foundpreoperativedurationofpain
andpsychologicalstresstobeassociatedwithless
improvementafterkneearthroplastysurgery.The
cartilagecohortmighthaveexperiencedalonger
durationofkneepainpriortothekneearthroplasty
thanthecontrolgroup.OneormoreFCLshavebeen
showntoalterthekneehomeostasis[30],potentially
reducingkneefunctionevenafterakneearthroplasty.

Themainstrengthofthepresentstudywasthehigh
numberofincludedpatientswithkneearthroplastyaftera
previousarthroscopicallyverifiedandsymptomaticFCL
intheipsilateralknee.Thefollow‐upperiodafterknee
arthroplastywasmid‐tolong‐term,andseveralstudies
haveshownstablePROMsfrom1yearpostoperativein
kneearthroplastypatients[31–33].ThepreviousFCL
patientswithpatellofemoralorunicompartmentalknee
arthroplastyhadreceivedkneearthroplastyinthe
compartmentwherethepreviousFCLwaslocated,
suggestingacorrelationbetweentheFCLandthe
subsequentkneearthroplasty.Anyadditionalipsilateral
kneesurgerywasreportedbytheparticipantsinthe
questionnaire,reducingtheriskofoverlookingany
surgeryperformedatanotherhospital.

Therewereseverallimitationstothisstudy.The
necessarynumberofFCLkneesrequiredbythepreinclu-
sionpoweranalysiswasnotmet,withashortfallofsix
knees.Toreducetheriskofanunderpoweredanalysis,an
analysisofwhetherpatients'self‐reportedKOOSsub-
scoreswereabovethePASSthresholdwasperformed.

Only67%ofeligiblepatientsagreedtoparticipatein
thepresentstudy,potentiallyintroducingbiastothe
results.Furthermore,radiographsbeforethekneearthro-
plastywerenotavailableandtherecouldhavebeena
discrepancyinthedegreeofosteoarthritisintheFCL
groupandthecontrolgroup.However,Dowseyetal.[34]
foundnoassociationbetweenKellgren–Lawrencescores
andpreoperativePROMsinkneearthroplastypatients.
PreoperativePROMswerenotavailable,andtheseare
knowntobeakeyfactorindeterminingthepostoperative
PROMscores[10,35,36].Therecouldhavebeena
discrepancyinthepreoperativeKOOSscoresbetween
thegroups.However,severalstudieshavedemonstrated
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that cartilage patients have similar KOOS QoL subscores
to patients awaiting knee arthroplasty [2, 3], indicating that
the preoperative PROM in the cartilage cohort might be
comparable to those in the control group.

Although the control group was matched, differ-
ences in the distribution of age, education level and
revision TKA due to uneven response rates were
observed. This resulted in unbalanced groups, neces-
sitating adjustment with regression models.

Improvement in function and satisfaction is provided
by knee arthroplasty regardless of the type of implant in
patients with osteoarthrosis [9]. This seems to be true
also in the context of a previous FCL [12]. However, the
present study suggests that both surgeons and patients
should be aware of lower improvement in PROMs after
knee arthroplasty in cases with a history of previous
FCL as part of the shared decision making.

CONCLUSION

Previous cartilage surgery was associated with inferior
patient‐reported outcome after knee arthroplasty at
mean 8 years following knee arthroplasty. Patients with
previous focal cartilage lesions demonstrated signifi-
cantly lower KOOS Symptoms, Pain and QoL sub-
scores compared to a matched cohort. The cartilage
cohort also had significantly lower odds of reaching the
PASS threshold for the same KOOS subscores.
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thatcartilagepatientshavesimilarKOOSQoLsubscores
topatientsawaitingkneearthroplasty[2,3],indicatingthat
thepreoperativePROMinthecartilagecohortmightbe
comparabletothoseinthecontrolgroup.

Althoughthecontrolgroupwasmatched,differ-
encesinthedistributionofage,educationleveland
revisionTKAduetounevenresponserateswere
observed.Thisresultedinunbalancedgroups,neces-
sitatingadjustmentwithregressionmodels.

Improvementinfunctionandsatisfactionisprovided
bykneearthroplastyregardlessofthetypeofimplantin
patientswithosteoarthrosis[9].Thisseemstobetrue
alsointhecontextofapreviousFCL[12].However,the
presentstudysuggeststhatbothsurgeonsandpatients
shouldbeawareoflowerimprovementinPROMsafter
kneearthroplastyincaseswithahistoryofprevious
FCLaspartoftheshareddecisionmaking.

CONCLUSION

Previouscartilagesurgerywasassociatedwithinferior
patient‐reportedoutcomeafterkneearthroplastyat
mean8yearsfollowingkneearthroplasty.Patientswith
previousfocalcartilagelesionsdemonstratedsignifi-
cantlylowerKOOSSymptoms,PainandQoLsub-
scorescomparedtoamatchedcohort.Thecartilage
cohortalsohadsignificantlyloweroddsofreachingthe
PASSthresholdforthesameKOOSsubscores.
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thatcartilagepatientshavesimilarKOOSQoLsubscores
topatientsawaitingkneearthroplasty[2,3],indicatingthat
thepreoperativePROMinthecartilagecohortmightbe
comparabletothoseinthecontrolgroup.

Althoughthecontrolgroupwasmatched,differ-
encesinthedistributionofage,educationleveland
revisionTKAduetounevenresponserateswere
observed.Thisresultedinunbalancedgroups,neces-
sitatingadjustmentwithregressionmodels.

Improvementinfunctionandsatisfactionisprovided
bykneearthroplastyregardlessofthetypeofimplantin
patientswithosteoarthrosis[9].Thisseemstobetrue
alsointhecontextofapreviousFCL[12].However,the
presentstudysuggeststhatbothsurgeonsandpatients
shouldbeawareoflowerimprovementinPROMsafter
kneearthroplastyincaseswithahistoryofprevious
FCLaspartoftheshareddecisionmaking.

CONCLUSION

Previouscartilagesurgerywasassociatedwithinferior
patient‐reportedoutcomeafterkneearthroplastyat
mean8yearsfollowingkneearthroplasty.Patientswith
previousfocalcartilagelesionsdemonstratedsignifi-
cantlylowerKOOSSymptoms,PainandQoLsub-
scorescomparedtoamatchedcohort.Thecartilage
cohortalsohadsignificantlyloweroddsofreachingthe
PASSthresholdforthesameKOOSsubscores.
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that cartilage patients have similar KOOS QoL subscores
to patients awaiting knee arthroplasty [2, 3], indicating that
the preoperative PROM in the cartilage cohort might be
comparable to those in the control group.

Although the control group was matched, differ-
ences in the distribution of age, education level and
revision TKA due to uneven response rates were
observed. This resulted in unbalanced groups, neces-
sitating adjustment with regression models.

Improvement in function and satisfaction is provided
by knee arthroplasty regardless of the type of implant in
patients with osteoarthrosis [9]. This seems to be true
also in the context of a previous FCL [12]. However, the
present study suggests that both surgeons and patients
should be aware of lower improvement in PROMs after
knee arthroplasty in cases with a history of previous
FCL as part of the shared decision making.

CONCLUSION

Previous cartilage surgery was associated with inferior
patient‐reported outcome after knee arthroplasty at
mean 8 years following knee arthroplasty. Patients with
previous focal cartilage lesions demonstrated signifi-
cantly lower KOOS Symptoms, Pain and QoL sub-
scores compared to a matched cohort. The cartilage
cohort also had significantly lower odds of reaching the
PASS threshold for the same KOOS subscores.
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that cartilage patients have similar KOOS QoL subscores
to patients awaiting knee arthroplasty [2, 3], indicating that
the preoperative PROM in the cartilage cohort might be
comparable to those in the control group.

Although the control group was matched, differ-
ences in the distribution of age, education level and
revision TKA due to uneven response rates were
observed. This resulted in unbalanced groups, neces-
sitating adjustment with regression models.

Improvement in function and satisfaction is provided
by knee arthroplasty regardless of the type of implant in
patients with osteoarthrosis [9]. This seems to be true
also in the context of a previous FCL [12]. However, the
present study suggests that both surgeons and patients
should be aware of lower improvement in PROMs after
knee arthroplasty in cases with a history of previous
FCL as part of the shared decision making.

CONCLUSION

Previous cartilage surgery was associated with inferior
patient‐reported outcome after knee arthroplasty at
mean 8 years following knee arthroplasty. Patients with
previous focal cartilage lesions demonstrated signifi-
cantly lower KOOS Symptoms, Pain and QoL sub-
scores compared to a matched cohort. The cartilage
cohort also had significantly lower odds of reaching the
PASS threshold for the same KOOS subscores.
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thatcartilagepatientshavesimilarKOOSQoLsubscores
topatientsawaitingkneearthroplasty[2,3],indicatingthat
thepreoperativePROMinthecartilagecohortmightbe
comparabletothoseinthecontrolgroup.

Althoughthecontrolgroupwasmatched,differ-
encesinthedistributionofage,educationleveland
revisionTKAduetounevenresponserateswere
observed.Thisresultedinunbalancedgroups,neces-
sitatingadjustmentwithregressionmodels.

Improvementinfunctionandsatisfactionisprovided
bykneearthroplastyregardlessofthetypeofimplantin
patientswithosteoarthrosis[9].Thisseemstobetrue
alsointhecontextofapreviousFCL[12].However,the
presentstudysuggeststhatbothsurgeonsandpatients
shouldbeawareoflowerimprovementinPROMsafter
kneearthroplastyincaseswithahistoryofprevious
FCLaspartoftheshareddecisionmaking.

CONCLUSION

Previouscartilagesurgerywasassociatedwithinferior
patient‐reportedoutcomeafterkneearthroplastyat
mean8yearsfollowingkneearthroplasty.Patientswith
previousfocalcartilagelesionsdemonstratedsignifi-
cantlylowerKOOSSymptoms,PainandQoLsub-
scorescomparedtoamatchedcohort.Thecartilage
cohortalsohadsignificantlyloweroddsofreachingthe
PASSthresholdforthesameKOOSsubscores.
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thatcartilagepatientshavesimilarKOOSQoLsubscores
topatientsawaitingkneearthroplasty[2,3],indicatingthat
thepreoperativePROMinthecartilagecohortmightbe
comparabletothoseinthecontrolgroup.

Althoughthecontrolgroupwasmatched,differ-
encesinthedistributionofage,educationleveland
revisionTKAduetounevenresponserateswere
observed.Thisresultedinunbalancedgroups,neces-
sitatingadjustmentwithregressionmodels.

Improvementinfunctionandsatisfactionisprovided
bykneearthroplastyregardlessofthetypeofimplantin
patientswithosteoarthrosis[9].Thisseemstobetrue
alsointhecontextofapreviousFCL[12].However,the
presentstudysuggeststhatbothsurgeonsandpatients
shouldbeawareoflowerimprovementinPROMsafter
kneearthroplastyincaseswithahistoryofprevious
FCLaspartoftheshareddecisionmaking.

CONCLUSION

Previouscartilagesurgerywasassociatedwithinferior
patient‐reportedoutcomeafterkneearthroplastyat
mean8yearsfollowingkneearthroplasty.Patientswith
previousfocalcartilagelesionsdemonstratedsignifi-
cantlylowerKOOSSymptoms,PainandQoLsub-
scorescomparedtoamatchedcohort.Thecartilage
cohortalsohadsignificantlyloweroddsofreachingthe
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Supplementary Table 1 Difference in KOOS score between the knee arthroplasty patients with 
previous focal cartilage lesion and the knee arthroplasty patents in the control group (not adjusted 
for previous knee surgery) 

 

 

 

  

 Crude Adjusteda 

 Mean differenceb p Mean differenceb p 
KOOS Symptoms 

 Cartilage cohort ref  ref  

 Control group 9.6 (2.3,16.9) 0.01 8.3 (0.5,16.1) 0.04 
KOOS Pain 

 Cartilage cohort ref  ref  

 Control group 10.9 (2.5,19.4) 0.01 10.8 (1.5,20.1) 0.02 
KOOS ADL 

 Cartilage cohort ref  Ref  

 Control group 4.3 (-3.9,12.6) 0.3 7.7 (-1.4,16.9) 0.1 
KOOS Sport/rec 

 Cartilage cohort ref  Ref  

 Control group 5.5 (-3.7,14.8) 0.2 8.6 (-1.6,18.7) 0.1 
KOOS QoL 

 Cartilage cohort ref  Ref  

 Control group 10.4 (1.2,19.6) 0.03 8.9 (-1.2,19.1) 0.08 
aAdjusted for age at arthroplasty surgery, level of education, primary or 
revision arthroplasty, sex, and type of arthroplasty. bMean difference in 
KOOS score from reference with 95% confidence intervals in 
parentheses. Negative numbers imply lower mean score than 
reference. 
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«FORNAVN» «ETTERNAVN» «Side» kne  «Pasientnr» 
            

1.Høyde:…….    Vekt:   ……. 

2.Høyeste fullførte utdannelse: 

Grunnskole Videregående Høgskole Universitet  

3.Hvordan er det andre kneet?        Normalt             Besvær   Hvilket besvær?.......................... 

4.Er det andre årsaker til at du har problemer med å gå? ( F eks smerter fra andre ledd, 

ryggsmerter, hjerte-karsykdommer eller andre sykdommer)      Ja           Nei 

 

5.Er du operert flere ganger i (flettefelt side) kneet?      Ja            Nei 

Hvis ja, spesifiser: 

Årstall:……………  Hva slags operasjon…………………………………………….. 

Årstall:……………  Hva slags operasjon…………………………………………….. 

Årstall:……………  Hva slags operasjon…………………………………………….. 

6.Hvor godt fungerer kneet ditt i forhold til et friskt kne? 

100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 

 
7.Hvor ofte driver du mosjon/trening: 

Aldri <1 gang pr uke 1 gang pr uke 2-3 ganger pr uke Hver dag 
 
8.Dersom du driver slik mosjon, så ofte som en eller flere ganger i uka; hvor hardt mosjonerer 
du? 
  Blir ikke andpusten/svett Blir andpusten/svett Tar meg nesten helt ut 

 
9.Hvor lenge holder du på hver gang? (i gjennomsnitt) 

<15 min 15-29 min 30 min – 1time Mer enn 1 time 
 
10.Hva slags mosjon/trening driver du med?…………………………………………………………… 
 
11.Har du vanligvis minst 30 min fysisk aktivitet daglig på arbeid eller fritid?          Ja             Nei 
 
12.Omtrent hvor mange timer sitter du i ro på en vanlig dag? …………………. 
  
13. Sett kryss ved det alternativet som passer din aktivitet best: 

 
Nivå 1 (deltar 4-7 dager pr uke) 

 Hopp, brå vridninger og vendinger 
(håndball, fotball, basketball, volleyball, 
turn, squash) 

 Løp, vridning, vending (tennis, alpinski, 
ishockey, friidrett) 

 Ingen løping, hopping eller vridning 
(sykling, svømming) 

 
Nivå 2 (deltar 1-3 dager pr uke) 

 Hopp, brå vridninger og vendinger 
(håndball, fotball, basketball, volleyball, 
turn, squash) 

 Løp, vridning, vending (tennis, alpinski, 
ishockey, friidrett) 

 Ingen løping, hopping eller vridning 
(sykling, svømming) 

 
 

 
 
Nivå 3 (deltar 1-3 ganger i mnd) 

 Hopp, brå vridninger og vendinger 
(håndball, fotball, basketball, volleyball, 
turn, squash) 

 Løp, vridning, vending (tennis, alpinski, 
ishockey, friidrett) 

 Ingen løping, hopping eller vridning 
(sykling, svømming) 

 
Nivå 4 (ingen idrett) 

 Jeg utfører daglige gjøremål uten problem 
 Jeg har moderate problemer med daglige 

gjøremål 
 Jeg har store problemer med daglige 

gjøremål (krykker, full uførhet) 
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Nivå 1 (deltar 4-7 dager pr uke) 

 Hopp, brå vridninger og vendinger 
(håndball, fotball, basketball, volleyball, 
turn, squash) 

 Løp, vridning, vending (tennis, alpinski, 
ishockey, friidrett) 

 Ingen løping, hopping eller vridning 
(sykling, svømming) 

 
Nivå 2 (deltar 1-3 dager pr uke) 

 Hopp, brå vridninger og vendinger 
(håndball, fotball, basketball, volleyball, 
turn, squash) 

 Løp, vridning, vending (tennis, alpinski, 
ishockey, friidrett) 

 Ingen løping, hopping eller vridning 
(sykling, svømming) 

 
 

 
 
Nivå 3 (deltar 1-3 ganger i mnd) 

 Hopp, brå vridninger og vendinger 
(håndball, fotball, basketball, volleyball, 
turn, squash) 

 Løp, vridning, vending (tennis, alpinski, 
ishockey, friidrett) 

 Ingen løping, hopping eller vridning 
(sykling, svømming) 

 
Nivå 4 (ingen idrett) 

 Jeg utfører daglige gjøremål uten problem 
 Jeg har moderate problemer med daglige 

gjøremål 
 Jeg har store problemer med daglige 

gjøremål (krykker, full uførhet) 
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2.Høyeste fullførte utdannelse: 

Grunnskole Videregående Høgskole Universitet  

3.Hvordan er det andre kneet?        Normalt             Besvær   Hvilket besvær?.......................... 

4.Er det andre årsaker til at du har problemer med å gå? ( F eks smerter fra andre ledd, 

ryggsmerter, hjerte-karsykdommer eller andre sykdommer)      Ja           Nei 

 

5.Er du operert flere ganger i (flettefelt side) kneet?      Ja            Nei 

Hvis ja, spesifiser: 

Årstall:……………  Hva slags operasjon…………………………………………….. 

Årstall:……………  Hva slags operasjon…………………………………………….. 

Årstall:……………  Hva slags operasjon…………………………………………….. 

6.Hvor godt fungerer kneet ditt i forhold til et friskt kne? 

100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 

 
7.Hvor ofte driver du mosjon/trening: 

Aldri <1 gang pr uke 1 gang pr uke 2-3 ganger pr uke Hver dag 
 
8.Dersom du driver slik mosjon, så ofte som en eller flere ganger i uka; hvor hardt mosjonerer 
du? 
  Blir ikke andpusten/svett Blir andpusten/svett Tar meg nesten helt ut 

 
9.Hvor lenge holder du på hver gang? (i gjennomsnitt) 

<15 min 15-29 min 30 min – 1time Mer enn 1 time 
 
10.Hva slags mosjon/trening driver du med?…………………………………………………………… 
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«FORNAVN» «ETTERNAVN» «Side» kne      

«Pasientnr» 

 
Veiledning: Dette spørreskjemaet inneholder spørsmål om hvordan du opplever 
kneet ditt. Informasjonen vil hjelpe oss til å følge med i hvordan du har det og fungerer 
i ditt daglige liv. Besvar spørsmålene ved å krysse av for det alternativ du synes 
passer best for deg (kun ett kryss ved hvert spørsmål). Hvis du er usikker, kryss 
likevel av for det alternativet som føles mest riktig. 

 
Symptom 
Tenk på de symptomene du har hatt fra kneet ditt den siste uken når du 
besvarer disse spørsmålene. 

 
S1. Har kneet vært hovent? 

Aldri 


Sjelden 


I blant 


Ofte 


Alltid 




S2. Har du følt knirking, hørt klikking eller andre lyder fra kneet? 
Aldri 


Sjelden 


I blant 


Ofte 


Alltid 




S3. Har kneet haket seg opp eller låst seg? 
Aldri 


Sjelden 


I blant 


Ofte 


Alltid 




S4. Har du kunnet rette kneet helt ut? 
Alltid 


Ofte 


Iblant 


Sjelden 


Aldri 




S5. Har du kunnet bøye kneet helt? 
Alltid 


Ofte 


I blant 


Sjelden 


Aldri 




Stivhet 
De neste spørsmålene handler om leddstivhet. Leddstivhet innebærer 
vanskeligheter med å komme i gang eller økt motstand når du bøyer eller 
strekker kneet. Marker graden av leddstivhet du har opplevd i kneet ditt den 
siste uken. 

S6. Hvor stivt er kneet ditt når du nettopp har våknet om morgenen? 
Ikke noe 


Litt 


Moderat 


Betydelig 


Ekstremt 




S7. Hvor stivt er kneet ditt senere på dagen etter å ha sittet, ligget eller hvilt? 
Ikke noe 


Litt 


Moderat 


Betydelig 


Ekstremt 
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Litt 
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S7. Hvor stivt er kneet ditt senere på dagen etter å ha sittet, ligget eller hvilt? 
Ikke noe 


Litt 


Moderat 


Betydelig 


Ekstremt 
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strekker kneet. Marker graden av leddstivhet du har opplevd i kneet ditt den 
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De neste spørsmålene handler om leddstivhet. Leddstivhet innebærer 
vanskeligheter med å komme i gang eller økt motstand når du bøyer eller 
strekker kneet. Marker graden av leddstivhet du har opplevd i kneet ditt den 
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S7. Hvor stivt er kneet ditt senere på dagen etter å ha sittet, ligget eller hvilt? 
Ikke noe 


Litt 


Moderat 


Betydelig 


Ekstremt 



KOOS – SPØRRESKJEMA FOR KNEPASIENTER 

Knee injury and Osteoarthritis Outcome Score (KOOS), Norwegian version LK 1.0 
 

 

 

 
«FORNAVN» «ETTERNAVN» «Side» kne      

«Pasientnr» 

 
Veiledning: Dette spørreskjemaet inneholder spørsmål om hvordan du opplever 
kneet ditt. Informasjonen vil hjelpe oss til å følge med i hvordan du har det og fungerer 
i ditt daglige liv. Besvar spørsmålene ved å krysse av for det alternativ du synes 
passer best for deg (kun ett kryss ved hvert spørsmål). Hvis du er usikker, kryss 
likevel av for det alternativet som føles mest riktig. 

 
Symptom 
Tenk på de symptomene du har hatt fra kneet ditt den siste uken når du 
besvarer disse spørsmålene. 

 
S1. Har kneet vært hovent? 

Aldri 


Sjelden 


I blant 


Ofte 


Alltid 




S2. Har du følt knirking, hørt klikking eller andre lyder fra kneet? 
Aldri 


Sjelden 


I blant 


Ofte 


Alltid 




S3. Har kneet haket seg opp eller låst seg? 
Aldri 


Sjelden 


I blant 


Ofte 


Alltid 




S4. Har du kunnet rette kneet helt ut? 
Alltid 


Ofte 


Iblant 


Sjelden 


Aldri 




S5. Har du kunnet bøye kneet helt? 
Alltid 


Ofte 


I blant 


Sjelden 


Aldri 




Stivhet 
De neste spørsmålene handler om leddstivhet. Leddstivhet innebærer 
vanskeligheter med å komme i gang eller økt motstand når du bøyer eller 
strekker kneet. Marker graden av leddstivhet du har opplevd i kneet ditt den 
siste uken. 

S6. Hvor stivt er kneet ditt når du nettopp har våknet om morgenen? 
Ikke noe 


Litt 


Moderat 


Betydelig 


Ekstremt 




S7. Hvor stivt er kneet ditt senere på dagen etter å ha sittet, ligget eller hvilt? 
Ikke noe 


Litt 


Moderat 


Betydelig 


Ekstremt 



KOOS – SPØRRESKJEMA FOR KNEPASIENTER 

Knee injury and Osteoarthritis Outcome Score (KOOS), Norwegian version LK 1.0 
 

 

 

 
«FORNAVN» «ETTERNAVN» «Side» kne      

«Pasientnr» 

 
Veiledning: Dette spørreskjemaet inneholder spørsmål om hvordan du opplever 
kneet ditt. Informasjonen vil hjelpe oss til å følge med i hvordan du har det og fungerer 
i ditt daglige liv. Besvar spørsmålene ved å krysse av for det alternativ du synes 
passer best for deg (kun ett kryss ved hvert spørsmål). Hvis du er usikker, kryss 
likevel av for det alternativet som føles mest riktig. 

 
Symptom 
Tenk på de symptomene du har hatt fra kneet ditt den siste uken når du 
besvarer disse spørsmålene. 

 
S1. Har kneet vært hovent? 

Aldri 


Sjelden 


I blant 


Ofte 


Alltid 




S2. Har du følt knirking, hørt klikking eller andre lyder fra kneet? 
Aldri 


Sjelden 


I blant 


Ofte 


Alltid 




S3. Har kneet haket seg opp eller låst seg? 
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Sjelden 


I blant 


Ofte 


Alltid 




S4. Har du kunnet rette kneet helt ut? 
Alltid 


Ofte 


Iblant 


Sjelden 


Aldri 




S5. Har du kunnet bøye kneet helt? 
Alltid 


Ofte 


I blant 


Sjelden 


Aldri 




Stivhet 
De neste spørsmålene handler om leddstivhet. Leddstivhet innebærer 
vanskeligheter med å komme i gang eller økt motstand når du bøyer eller 
strekker kneet. Marker graden av leddstivhet du har opplevd i kneet ditt den 
siste uken. 

S6. Hvor stivt er kneet ditt når du nettopp har våknet om morgenen? 
Ikke noe 


Litt 


Moderat 


Betydelig 


Ekstremt 




S7. Hvor stivt er kneet ditt senere på dagen etter å ha sittet, ligget eller hvilt? 
Ikke noe 


Litt 


Moderat 


Betydelig 


Ekstremt 
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Smerte 
P1. Hvor ofte har du vondt i kneet? 

Aldri 


Månedlig 


Ukentlig 


Daglig 


Hele tiden 




Hvilken grad av smerte har du hatt i kneet ditt den siste uken ved følgende 
aktiviteter? 

 
P2. Snu/vende på belastet kne 

Ingen 


Lett 


Moderat 


Betydelig 


Svært stor 




P3. Rette kneet helt ut 
Ingen 




Lett 




Moderate 




Betydelig 




Svært stor 




P4. Bøye kneet helt 
Ingen 




Lett 




Moderat 




Betydelig 




Svært stor 




P5. Gå på flatt underlag 
Ingen 


Lett 


Moderat 


Betydelig 


Svært stor 




P6. Gå opp eller ned trapper 
Ingen 


Lett 


Moderat 


Betydelig 


Svært stor 




P7. Om natten i sengen (smerter som forstyrrer søvnen) 
Ingen 


Lett 


Moderat 


Betydelig 


Svært stor 




P8. Sittende eller liggende 
Ingen 


Lett 


Moderat 


Betydelig 


Svært stor 




P9. Stående 
Ingen 




Lett 




Moderat 




Betydelig 




Svært stor 




Funksjon I hverdagen 
De neste spørsmål handler om din fysiske funksjon. Angi graden av 
vanskeligheter du har opplevd den siste uken ved følgende aktiviteter på 
grunn av dine kneproblemer. 

 

A1. Gå ned trapper 
Ingen 




Lett 




Moderat 




Betydelig 




Svært stor 




A2. Gå opp trapper 
Ingen 




Lett 




Moderat 




Betydelig 




Svært stor 
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A16. Gjøre tungt husarbeid (måke snø, vaske gulv, støvsuge osv.) 
Ingen 


Lett 


Moderat 


Betydelig 


Svært stor 




A17. Gjøre lett husarbeid (lage mat, tørke støv osv.) 
Ingen 


Lett 


Moderat 


Betydelig 


Svært stor 




Funksjon, sport og fritid 
De neste spørsmålene handler om din fysiske funksjon. Angi graden av 
vanskeligheter du har opplevd den siste uken ved følgende aktiviteter på 
grunn av dine kneproblemer. 

 

SP1. Sitte på huk 
Ingen 




Lett 




Moderat 




Betydelig 




Svært stor 




SP2. Løpe 
Ingen 




Lett 




Moderat 




Betydelig 




Svært stor 




SP3. Hoppe 
Ingen 




Lett 




Moderat 




Betydelig 




Svært stor 




SP4. Snu/vende på belastet kne 
Ingen Lett Moderat Betydelig Svært stor 
    

SP5. Stå på kne     

Ingen Lett Moderat Betydelig Svært stor 

    

Livskvalitet     

 
Q1. Hvor ofte gjør ditt kneproblem seg bemerket? 

Aldri 


Månedlig 


Ukentlig 


Daglig 


Alltid 




Q2. Har du forandret levesett for å unngå å overbelaste kneet? 
Ingenting 


Noe 


Moderat 


Betydelig 


Fullstendig 




Q3. I hvor stor grad kan du stole på kneet ditt? 
Fullstendigl 


I stor grad 


Moderat 


Til en viss grad 


Ikke i det hele tatt 




Q4. Generelt sett, hvor store problemer har du med kneet ditt? 
Ingen 


Lette 


Moderate 


Betydelige 


Svært store 





Takk for at du tok deg tid og besvarte samtlige spørsmål! 
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Q1. Hvor ofte gjør ditt kneproblem seg bemerket? 

Aldri 


Månedlig 


Ukentlig 


Daglig 


Alltid 




Q2. Har du forandret levesett for å unngå å overbelaste kneet? 
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Noe 
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Takk for at du tok deg tid og besvarte samtlige spørsmål! 

Knee injury and Osteoarthritis Outcome Score (KOOS), Norwegian version LK 1.0 

Angi graden av vanskeligheter du har opplevd ved hver aktivitet den siste 
uken. 
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«ETTERNAVN», «FORNAVN» «Side» kne «Pasientnr» 
   

 
 

Orginalskjema 
Lysholmscore for kne 

Sett kryss ved de utsagn som best beskriver dine kneplager 
 
 

Halting (5 poeng): 

   Ingen (5) 
 

   Lett halting (3) 
 

   Mye og konstant (0) 

 
Smerte (25 poeng) 

   Ingen smerte(25) 
 

   Bare av og til og litt ved hard 
anstrengelse (20) 

 

Støtte (5 poeng):    

   Ingen (5)    
 

   Stokk eller krykke (2) 

Betydelig ved hard anstrengelse (15) 
 

Betydelig under eller etter mer enn 2 
km gange (10) 

 
   Vektbæring umulig (0) 

   Betydelig under eller etter mindre enn 
2 km gange (5) 

Låsninger (15 poeng)    

   Aldri låsninger eller følelse av at kneet 

 
Konstant smerte (0) 

hekter seg opp (15) 
 

   Følelse av hekting, men aldri låsninger 

Hevelse (10 poeng) 

Ingen hevelse (10) 
 

(10)    
 

   Låsning av og til (6)    
 

   Ofte låsning (2)    

Ved hard anstrengelse (6) 

Ved vanlig anstrengelse (2) 

Konstant hevelse (0) 
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(kneet gir etter/ikke til å stole på)    
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Lett hemmet (6) 

 
   Av og til ved idrett eller hard 

   Ett trinn av gangen (2) 
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Evt ikke i stand til å delta (15) 

 
Dype knebøy (5 poeng) 
   Ingen problem (5) 

 

   Av og til ved dagligdagse aktiviteter    
(10) 

Lett hemmet (4) 
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