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Background and purpose — Uncemented stems increase
the risk of revision in elderly patients. In 2018, we initiated
a national quality improvement project aiming to increase
the proportion of cemented stems in elderly female total hip
arthroplasty (THA) and hip fracture hemiarthroplasty (HA)
patients. We aimed to evaluate the association of this project
on the frequency of cemented stems and the risk of second-
ary procedures in the targeted population.

Methods — 10,815 THAs in female patients > 75 years
in the Norwegian Arthroplasty Register and 19,017 HAs in
hip fracture patients = 70 years in the Norwegian Hip Frac-
ture Register performed in 2015-2017 and 2019-2021 at
all Norwegian hospitals were included in this retrospective
cohort study. The quality improvement project was imple-
mented at 19 hospitals (8,443 patients). 1-year revision
risk (THAs) and reoperation risk (HAs) were calculated for
uncemented and cemented stems by Kaplan—Meier and Cox
adjusted hazard rate ratios (aHRRs) with all-cause revision/
reoperation as main endpoint.

Results — The use of cemented stem fixation in the tar-
geted population increased from 26% to 80% for THAs and
from 27% to 91% for HAs. For THAS, the 1-year revision
rate decreased from 3.7% in 2015-2017 to 2.1% in 2019—
2021 (aHRR 0.7, 95% confidence interval [CI] 0.5-0.9) at
the intervention hospitals. For HAs, the reoperation rate
decreased from 5.9% in 2015-2017 to 3.3% in 2019-2021
(aHRR 0.6, CI 0.4-0.8) at the intervention hospitals.

Conclusion — The quality improvement project resulted
in a significant increase in the proportion of cemented stems
and reduced risk of secondary procedures for both THAs and
HAs.

Each year approximately 10,000 patients are treated with a
primary total hip arthroplasty (THA) and 3,500 hip fracture
patients are treated with a hemiarthroplasty (HA) in Norway
[1]. A large Nordic multinational register study showed that
cemented implants had better survival than uncemented
implants in patients aged 65 years or older, while no such
differences could be found in younger patients [2]. An ear-
lier study from the Norwegian Arthroplasty Register (NAR)
reported higher risk of revision for uncemented stems in
women aged 55 years or older and advised against use of
uncemented stems in these patients [3]. Studies have sug-
gested that the risk of periprosthetic femoral fracture (PPFF)
is high after THAs with an uncemented stem, particularly in
the oldest patients and in women [2-8]. Similarly, the risk for
revision among HA patients, in particular due to PPFF, has
been found to be higher when using an uncemented femoral
stem [9-12]. A revision of a THA or a HA due to a PPFF rep-
resents a serious adverse event associated with high mortality
and reduced functional outcome [13-15]. International guide-
lines advocate use of cemented stems when treating hip frac-
ture patients [16-18].

Nevertheless, a paradoxical increase in the use of unce-
mented stems was identified in Norway before this quality
improvement project was initiated [1]. There are several prob-
able causes. From a health-economic perspective, one can
argue that an uncemented prosthesis has shorter operating time
than a cemented prosthesis. Reluctance to use cemented stems
may also be due to fear of bone cement implantation syndrome
[19]. For hip fracture patients, treatment with a cemented stem
has been found to increase mortality in the first 2 postopera-
tive days compared with treatment with an uncemented stem,
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but not after 1 year [11,20-22]. Nor has a clinically relevant dif-
ference in mortality been reported between uncemented and
cemented THASs for osteoarthritis [23]. In 2018, based on a con-
cern over increased use of uncemented stems, the NAR and the
Norwegian Hip Fracture Register (NHFR) initiated a national
quality improvement project promoting cemented fixation of
the femoral stem in elderly female hip arthroplasty patients and
hip fracture patients. We aimed to investigate the association of
this national quality improvement project on the frequency of
cemented stems used and on the risk of secondary procedures
in the targeted population.

Methods

Study setup

This is a retrospective observational study based on prospec-
tively collected data from the NAR and the NHFR. The goal
was, at a national level, to use cemented stems in more than
90% of female THA patients = 75 years and in more than 95%

of hip fracture HA patients = 70 years. We reported according
to the STROBE statement.

The Norwegian Arthroplasty Register

The NAR has registered detailed information on primary THAS
and revision THAs performed in Norway since 1987 [24].
After each primary operation and revision, the surgeon register
data which is sent to the NAR. The dataset includes patient
information (age, sex, and comorbidity [ASA classification]),
the date and indication for surgery, and detailed information on
the type and fixation of the implant. Revisions, defined as any
secondary procedure involving exchange or removal of one or
more prosthesis components, are linked to the primary opera-
tion with use of the 11-digit Norwegian personal identification
number. The completeness of reporting to the NAR is 97% for
primary THAs and 91% for THA revisions [1].

The Norwegian Hip Fracture Register

The NHFR has registered detailed information on hip frac-
ture surgery in Norway since 2005 [25]. As for the NAR,
the surgeon registers data after each primary operation and
reoperation. The dataset includes patient information (age,
sex, comorbidity [ASA classification]), and cognitive status),
information on time and type of fracture, the time and type
of surgery, and detailed information on the type and fixa-
tion of the implant. Reoperations, defined as any secondary
procedure, including osteosynthesis for PPFF and soft-tissue
debridement for infection, are linked to the primary operation
with use of the 11-digit Norwegian personal identification
number. The completeness of reporting to the NHFR is 92%
for primary HAs and 88% for HA reoperations [1].

Implementation of the quality improvement project
The intervention included 15 hospitals using 50% or fewer

cemented femoral stems in female THA patients > 75 years
who were invited to participate in the THA project. Of these
hospitals, 9 also used a low proportion (< 40%) of cemented
HAs and were invited to participate in the HA project. In addi-
tion, 4 hospitals with a higher proportion of cemented femo-
ral stems decided to participate in the project. At the start-up
seminar in October 2018 the scientific evidence supporting the
recommendation to use cemented stems in the relevant patient
categories was presented. The status at each intervention hos-
pital was reviewed and discussed at 4 follow-up seminars.
Several obstacles at the hospitals were identified, including
fear of bone cement implantation syndrome, scant experience
with cementing of femoral stems, and uncertainty concerning
which prosthesis stem to choose. In addition, the interven-
tion hospitals were regularly contacted by email or by phone
between the seminars.

Statistics

Continuous data was described using means and standard
deviation (SD). All analyses were performed separately for
THAs and HAs. Annual proportions of cemented stems used
in THAs and HAs were calculated for the included hospi-
tals and for all hospitals reporting to the NAR and NHFR
respectively. Implant survival of all stems, all uncemented
stems, and all cemented stems in 2 different time-periods
(2015-2017 and 2019-2021) at all participating hospitals
and at all hospitals was calculated using Kaplan—Meier
analyses with revision as endpoint for THAs and reoperation
as endpoint for HAs. Adjusted hazard rate ratios (aHRRs)
for 1-year revision/reoperation for any cause and for 1-year
revision/reoperation due to PPFF were calculated using Cox
regression analyses, comparing the 2 different time periods
with 2015-2017 as reference. Further, aHRRs for revision/
reoperation for any cause and for revision/reoperation due to
PPFF were calculated for uncemented and cemented stems
in the 2 time periods with uncemented stems 2015-2017 as
reference. We used the free program DAGitty (www.dagitty.
net) version 3.1 (2023) to verify variables that needed to be
adjusted for in the 2 Cox models. We developed directed
acyclic graphs (DAGs) for revision of THAs and reoperation
of HAs. The HRRs for the exposures (cemented/uncemented
stems) were adjusted according to this model (THAs: age,
ASA class, diagnosis, and surgical approach. HAs: age, sex,
ASA class, cognitive function, fracture type, and surgical
approach). Bilateral THAs and HAs are dependent obser-
vations. However, the proportions of bilateral operations in
this study were low (7.1% and 3.7% respectively). The influ-
ence of bilaterality on the outcome has earlier been found
to be negligible and hence the bilateral operations were
evaluated independently [26]. Mean (SD) follow-up time for
THAs was 5.9 (1.5) years in 2015-2017 and 2.4 (0.9) years
in 2019-2021. For HAs, mean follow-up time was 3.4 (2.5)
and 1.7 (1.9) for 2015-2017 and 2019-2021 respectively.
Patients were followed from primary operation to revision/
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reoperation, death or until December 31,
2022, whichever occurred first. Mortality

Patients in the NAR
2015-2017 and 2019-2021

Patients in the NHFR
2015-2017 and 2019-2021

n = 54,636

n = 20,557

data was collected from the Norwegian
Population Registry. Accordingly, all
prostheses had a minimum of 1 year fol-
low-up. The proportional hazard assump-
tion for the Cox model was tested based

Excluded (n = 43,821):

- male patients, 19,697

— patient age < 75 years, 23,985
- missing information, 139

Excluded (n = 1,540):
— - patient age < 70 years, 1,520
- missing information, 20

on Schoenfeld residuals and found to be
fulfilled. HRRs are presented with 95%

Patients in the NAR
included in the study
n=10,815

Patients in the NHFR
included in the study
n=19,017

confidence intervals (CIs). The statisti-
cal analyses were performed using IBM
SPSS Statistics 29.0 (IBM Corp, Armonk,

Patients at the intervention hospitals
included in the study
n = 3,925

Patients at the intervention hospitals
included in the study
n=4,518

NY, USA) and the STATA 17 (StataCorp
LLC, College Station, TX, USA, 2021).

Ethics, data sharing plan, funding, and disclosures
The NAR and NHFR have licenses from the Norwegian Data
Protection Authority (reference numbers 03/00058-15/JTA
[last issued on January 24, 2017] and 2004/1658-2 SVE/-
[issued on January 3, 2005]) respectively. The regulations of
the Norwegian Data Protection Authority and the Norwegian
personal protection laws prohibit the publication of the com-
plete dataset. The NAR and the NHFR is financed by the West-
ern Norway Regional Health Authority. The quality improve-
ment project was funded by the Norwegian Advisory Unit
for Medical Quality Registries, Northern Norway Regional
Health Authority, Tromsg@, Norway. The Regional Centre for
Clinical Quality Registries, Western Norway Regional Health
Authority, Bergen, Norway awarded a grant to the first author
to write this article. JEG and GH have received speaker fees
from Ortomedic (Norwegian distributor for DePuy Synthes)
and LINK Norway. The employer of OF has received fees for
lectures on cementing technique for knee replacement given
by Heraeus Medical and Ortomedic. Complete disclosure of
interest forms according to ICMIJE are available on the article
page, doi: 10.2340/17453674.2024.40073

Results

Patients operated on during the 3 years before (2015-2017)
and after (2019-2021) the initiation of the project were
included, resulting in 54,636 primary THAs reported to the
NAR. We excluded male patients (n = 19,697), patients < 75
years of age (n = 23,985), and patients with missing infor-
mation on fixation type (n =139). Finally, 10,815 THAS in
females = 75 years were included in the analyses. Of these,
3,925 patients were operated on at the intervention hospitals
(Figure 1). In the same time periods 20,557 primary HAs were
reported to the NHFR. We excluded patients < 70 years of age
(n = 1,520) and patients with missing information on fixation
type (n = 20). Finally, 19,017 HAs in patients = 70 years were
included. Of these, 4,518 HAs were operated on at the inter-
vention hospitals (Figure 1).

Figure 1. Flowchart of patient

Table 1. Baseline characteristics of primary total hip arthroplasties
in periods 2015-2017 and 2019-2021 reported to NAR. Values are
frequency (%) unless otherwise specified

Intervention All
Factor hospitals hospitals
Total, n 3,925 10,815
Mean age (SD) 80.6 (4.2) 80.7 (4.3)
Women 3,925 (100) 10,815 (100)
ASA score
1-2 2,592 (67) 7,274 (68)
3-5 1,292 (33) 3,450 (32)
missing 41 91
Diagnosis
osteoarthritis 3,358 (86) 9,084 (84)
rheumatoid arthritis 42 (1.1) 111 (1.0)
sequelae after hip fracture 231 (5.9) 594 (5.5)
acute intracapsular fracture 83 (2.1) 473 (4.4)
other 202 (5.1) 530 (4.9)
missing 9 23
Surgical approach
anterior 557 (15) 732 (6.8)
anterolateral 855 (23) 1,360 (13)
lateral 349 (8.9) 1,221 (12)
posterior 2,024 (53) 7,094 (68)
missing 140 408

ASA, American Society of Anesthesiologists.

Total hip arthroplasties in women = 75 years

The mean age of the included THA patients was 81 years and
32% of the patients had severe comorbidity (ASA 3-5). Most
patients had osteoarthritis as the indication for surgery (84%).
A posterior approach was the most frequently used surgical
approach (68%) (Table 1).

For intervention hospitals, the proportion of cemented
femoral stems increased from 26% in 2015 to 80% in 2021
(Figure 2A). The 1-year implant survival of primary THAs
increased from 97.3% (CI 95.5-97.1) in 2015-2017 to 97.9%
(CI197.3-98.5) in 2019-2021 (log rank: P=0.01) (Figure 3A).
In 2019-2021 there was a reduced 1-year risk of all-cause
revision compared with 2015-2017 (aHRR 0.7, CI 0.5-0.9)
(Table 2). There was also a reduction in revisions due to PPFF
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Cemented stems (%) - THA Cemented stems (%) - HA

Table 2. Number of reoperations and adjusted hazard rate ratios (aHRR)

100 100 for 1-year revision after total hip arthroplasty
go- All hospitals 904
Intervention hospitals
80 80
70 70 2015-2017 2019-2021
60 60 Total Revisions Total Revisions
501 50 Revisions n n (%) n n (%) aHRR 2 (Cl)
40 401 . g
304 304 Intervention hospitals
20 ] 20 1,866 69 (3.7) 2,059 43(2.1) 0.51(0.32-0.81)
10 10 Dueto PPFF 1,866 13 (0.7) 2,059 8(0.4) 0.66 (0.22-2.0)
0 o All hospitals
2015 2016 2017 2018 2019 2020 2021 2015 2016 2017 2018 2019 2020 2021 5,232 140(2.7) 5,583 95(1.7) 0.65(0.48-0.86)
A B Due to PPFF 5,232 26 (0.5) 5,583 13(0.2) 0.64 (0.29-1.4)

Figure 2. A. Proportion of total hip arthroplasties (THA) with
cemented femoral stems in women = 75 years of age reported
to NAR. B. Proportion of hemiarthroplasties (HA) with cemented
femoral stems in patients = 70 years of age reported to NHFR.

K-M revisionfree survival (%) - THA K-M revisionfree survival (%) - THA

100 100
~—
90 90
85 Intervention 85- All
hospitals hospitals
4 2019-2021 4 2019-2021
2015-2017 2015-2017
80 T T T T T 80 T T T T T
0 2 4 6 8 0 2 4 6 8
A Years after index operation B Years after index operation

K-M revisionfree survival (%) - THA K-M revisionfree survival (%) - THA

100 100
Akﬁ [~
95 95
90 90
| Intervention hospitals 1 aAn hospitals
- Cemented 2019-2021
4 Uncemented 2015-2017 4 Uncemented 2015-2017
80 T T T 80 T T T
0 2 4 6 8 0 2 4 6 8
C Years after index operation D Years after index operation

Figure 3. Prosthesis survival of total hip arthroplasties in women = 75
years of age reported to the NAR 2015-2017, and 2019-2021 with
revision of any cause as endpoint. A. Intervention hospitals—all revi-
sions (log rank P = 0.01). B. All hospitals—all revisions (log rank P <
0.001). C. Intervention hospitals—cemented vs. uncemented stems in
the 2 time periods—all revisions (log rank P = 0.03). D. All hospitals—
cemented vs. uncemented stems in the 2 time periods—all revisions
(log rank P < 0.001).

from 0.7% to 0.4%, but the reduction was not statistically sig-
nificant (Table 2). Less pronounced reductions could be found
when analyzing the results for all hospitals (Figure 3B and
Table 2). Survival curves for uncemented and cemented THAS
in the 2 time periods are shown in Figure 3C and Figure 3D.
For intervention hospitals, THAs in 2019-2021 had a reduced
1-year risk of all-cause revision compared with THAs with
uncemented stem in 2015-2017. Further, cemented THAS in

PPFF, periprosthetic fracture of the femur.
2 Cox regression analysis with adjustments for age, ASA classification,
diagnosis, and surgical approach. 2015-2017 is reference.

Table 3. Number of revisions and adjusted hazard rate ratios (aHRR)
for revision after total hip arthroplasty at participating hospitals and
all hospitals in Norway by time period and type of stem fixation

Total Revisions
Factor n n (%) aHRR 2 (Cl)
Intervention hospitals—all revisions
Uncemented 2015-2017 1,407 54 (3.8) 1 Reference
Cemented 2015-2017 459 15(3.3) 0.63(0.34-1.2)
Uncemented 2019-2021 613 11 (1.8) 0.34 (0.16-0.72)
Cemented 2019-2021 1,446 32 (2.2) 0.46 (0.28-0.75)

Intervention hospitals—revision due to PPFF

Uncemented 2015-2017 1,407 12(0.9) 1 Reference
Cemented 2015-2017 459 1(0.2) 0.20 (0.03-1.6)
Uncemented 2019-2021 613 5(0.8) 0.57 (0.15-2.2)
Cemented 2019-2021 1,446 3(0.2) 0.20 (0.05-0.72)
All hospitals—all revisions
Uncemented 2015-2017 1,926 68 (3.5) 1 Reference
Cemented 2015-2017 3,306 72(2.2) 0.55(0.38-0.78)
Uncemented 2019-2021 874 14 (1.6) 0.33(0.17-0.65)
Cemented 2019-2021 4,709 81 (1.7) 0.43 (0.30-0.62)
All hospitals—revision due to PPFF
Uncemented 2015-2017 1,926 19 (1.0) 1 Reference
Cemented 2015-2017 3,306 7(0.2) 0.16 (0.06-0.46)
Uncemented 2019-2021 874 5(0.6) 0.39 (0.11-1.4)
Cemented 2019-2021 4,709 8(0.2) 0.16 (0.07-0.40)

PPFF, periprosthetic fracture of the femur.
2 Cox regression analyses: adjustments for age, ASA classification,
diagnosis, and surgical approach.

2019-2021 had a lower risk of PPFF compared with unce-
mented THAs in 2015-2017 (Table 3). Risk of revisions after
THAs with uncemented and cemented stems in the 2 time
periods for all hospitals is given in Table 3.

Hemiarthroplasties in patients = 70 years

The mean age of the patients treated with an HA for acute
hip fracture was 84 years, 67% were females, and 71% of the
patients had severe comorbidity (ASA 3-5). Most patients had
intracapsular femoral neck fracture as indication for surgery
(97%). The direct lateral approach was the most frequently
used surgical approach (74%) (Table 4).
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Table 4. Baseline characteristics of primary hemiarthroplasties in
periods 2015-2017 and 2019-2021 reported to NHFR. Values are
frequency (%) unless otherwise specified

Intervention All

Factor hospitals hospitals
Total, n 4,518 19,017
Mean age (SD) 83.7 (7.0) 83.9 (6.9)
Women 3,028 (67) 12,759 (67)
ASA score

1-2 1,316 (29) 5,387 (28)

3-5 3,162 (71) 13,452 (71)

missing 40 178
Cognitive function

chronic cognitive impairment 1,277 (28) 5,595 (29)

uncertain 375 (8.3) 1,545 (8.1)

cognitively fit 2,779 (62) 11,387 (60)
Diagnosis

acute intracapsular fracture 4,397 (97) 18,533 (97)

acute extracapsular fracture 93 (2.1) 369 (1.9)

other 28 (0.6) 115 (0.6)
Surgical approach

anterior 47 (1.0) 329 (1.7)

anterolateral 182 (4.0) 1,371 (7.2)

lateral 3,504 (78) 13,939 (74)

posterior 735 (16) 3,106 (17)

missing 50 272

ASA, American Society of Anesthesiologists.

Table 5. Number of reoperations and adjusted hazard rate ratios (aHRR)

for 1-year reoperation after hemiarthroplasty reported to NHFR

K-M reoperationfree survival (%) - HA  K-M reoperationfree survival (%) - HA

100 100
1 \i? B
\_x‘*_
95<E S e
90+ 90
85- Intervention gs] Al
hospitals hospitals
4 2019-2021 1 2019-2021
2015-2017 2015-2017
80 T T T T T 80 T T T
0 2 4 6 8 0 2 4 6 8
A Years after index operation B Years after index operation

K-M reoperationfree survival (%) - HA  K-M reoperationfree survival (%) - HA

100 100
“_\—_

95~k 95+

90 90

Intervention hospitals All hospitals
85 Cemented 2015-2017 g5 Cemented 2015-2017
Cemented 2019-2021 Cemented 2019-2021
4 Uncemented 2015-2017 4 Uncemented 2015-2017
80 T T T 80 T T T
0 2 4 6 8 0 2 4 6 8
C Years after index operation D Years after index operation

Figure 4. Prosthesis survival of hemiarthroplasties reported to
the NHFR 2015-2017 and 2019-2021 with reoperation of any
cause as endpoint. A. Intervention hospitals—all reoperations
(log rank P < 0.001). B. All hospitals —all reoperations (log rank
P =0.00). C. Intervention hospitals—cemented vs. uncemented
stems in the 2 time periods—all reoperations (log rank P <
0.001). D. All hospitals—cemented vs. uncemented stems in

2015-2017 2019-2021
Total Reop.  Total Reop.
Reoperations n n (%) n n (%) aHRR 2 (Cl)

the 2 time periods—all reoperations (log rank P < 0.001).

Intervention hospitals

All 2,156 128 (5.9) 2,362 78(3.3) 0.56 (0.40-0.78)

Due to PPFF 2,156 16 (0.7) 2,362 5(0.2) 0.50 (0.14-1.8)
All hospitals

All 9,246 413 (4.5) 9,771375(3.8) 0.87 (0.75-1.0)

Due to PPFF 9,246 38 (0.4) 9,771 25(0.3) 0.80 (0.46-1.4)

shown in Figure 4C and Figure 4D. For intervention
hospitals no statistically significant difference in 1-year
risk of all-cause reoperation could be found between
uncemented and cemented HAs 2015-2017 (aHRR 0.9,
CI 0.6-1.3). Compared with uncemented HAs 2015—
2017, both cemented HAs 2019-2021 (aHRR 0.5, CI

PPFF, periprosthetic fracture of the femur.

2 Cox regression analysis with adjustments for age, sex, ASA classification,

fracture type, and surgical approach. 2015-2017 is reference.

For intervention hospitals, the proportion of cemented HAs
increased from 27% in 2015 to 91% in 2021 (Figure 2B).
The 1-year implant survival of primary HAs increased from
94.6% (CI1 92.4-94.8) in 2015-2017 to 96.4% (CI 95.6-97.2)
in 2019-2021 (log rank: P < 0.001) (Figure 4A). In 2019-
2021 there was a reduced 1-year risk of all-cause reoperation
compared with 2015-2017 (Table 4). There was also a reduc-
tion in reoperation due to PPFF from 0.7% to 0.2%, but the
reduction was not statistically significant (Table 5). Less pro-
nounced reductions could be found when analyzing the results
for all hospitals (Figure 4B and Table 5). Survival curves for
uncemented and cemented HAs in the 2 time periods are

0.4-0.7) and uncemented HAs 2019-2021 (aHRR 0.5,
CI0.3-1.0) had a reduced 1-year risk of all-cause reop-
eration (Table 6). Including all hospitals, cemented HAs
in both time periods and uncemented HAs 2019-2021
had a reduced 1-year risk of all-cause revision com-
pared with uncemented HAs 2015-2017. Further, cemented
HAs in both time periods had a lower risk of reoperation due
to PPFF than uncemented HAs 2015-2017 (Table 6).

Discussion

The aim of the study was to investigate the association of a
registry-driven national quality improvement project on the
frequency of cemented stems used and on the risk of second-
ary procedures in the targeted population. We showed that
during a 7-year period the proportion of cemented stems used
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Table 6. Number of reoperations and adjusted hazard rate ratios
(@aHRR) for reoperation after hemiarthroplasty at participating hospitals
and all hospitals in Norway by time period and type of stem fixation

Total Reop.
Factor n n (%) aHRR 2 (Cl)
Intervention hospitals—all reoperations
Uncemented 2015-2017 1,484 89 (6.0) 1 Reference
Cemented 2015-2017 672 39 (5.8) 0.91(0.61-1.3)
Uncemented 2019-2021 342 11 (3.2) 0.52(0.28-0.97)

Cemented 2019-2021 2,020 67 (3.3)
Intervention hospitals—reoperation due to PPFF

0.52 (0.38-0.72)

Uncemented 2015-2017 1,484 15(1.0) 1 Reference
Cemented 2015-2017 672 1(0.2) 0.15(0.02-1.1)
Uncemented 2019-2021 342 2(0.6) 0.48(0.11-2.2)
Cemented 2019-2021 2,020 3(0.2) 0.08 (0.02-0.36)

All hospitals—all reoperations
Uncemented 2015-2017
Cemented 2015-2017
Uncemented 2019-2021 450

1 Reference
0.69 (0.55-0.86)
0.52 (0.30-0.91)

1,694 100 (5.9)
7,552 313 (4.1)
14 (3.1)

)

Cemented 2019-2021 9,321 361 (3.9) 0.63 (0.50-0.78)
All hospitals—reoperation due to PPFF

Uncemented 2015-2017 1,694 20 (1.2) 1 Reference

Cemented 20152017 7,552 18(0.2) 0.19(0.10-0.37)

Uncemented 2019-2021 450 2(0.4) 0.35(0.08-1.5)

Cemented 2019-2021 9,321 23(0.2) 0.19 (0.10-0.35)

PPFF, periprosthetic fracture of the femur.
2 Cox regression analyses: adjustments for age, sex, ASA classifica-
tion, fracture type, and surgical approach.

in female patients =75 years treated with a THA and in hip
fracture patients = 70 years treated with an HA increased sub-
stantially. The increased use of cemented stems was identi-
fied both at intervention hospitals and at a national level. The
risk of revision after a primary THA and the risk of reopera-
tion after a primary HA declined substantially in 2019-2021
compared with 2015-2017. At the intervention hospitals, both
prostheses with cemented stems and prostheses with unce-
mented stems in the last period had a lower risk of secondary
procedures compared with uncemented prostheses in the first
period.

Our findings add additional support to a shift towards
cemented stem fixation in the elderly, especially in females.

This register-run project was an effective way of getting
hospitals to change their practice. The change in practice also
resulted in a significantly increased proportion of cemented
stems at a national level and a reduction in the number of sec-
ondary procedures. Surprisingly, the difference in reoperation
risk between uncemented and cemented stems operated on in
the pre-intervention period was small at the participating hos-
pitals. The main reason for this was poorer implant survival
for prostheses with cemented stems at that time, assumably
due to a strong tradition of using uncemented stems, and good
technique when inserting these, together with non-familiarity
with cemented stems. Therefore, they had not changed prac-
tice before the start of the quality improvement project. A
learning curve at the hospitals already in the process of chang-
ing to cemented stems during the first period could also have

attributed to poorer results with use of cemented stems. In
addition, some hospitals changed from an uncemented stem
to a cemented polished taper-slip stem, a design also known
to have an increased risk of revision due to PPFF [27-28]. In
the last period, implant survival was also better for all prosthe-
ses at a national level. The number of revisions/reoperations
due to PPFF was low for both THAs and HAs. Accordingly,
the CIs were wider than for all secondary procedures and no
statistically significant reduction could be found. Therefore,
generalization of the results of this study should be done with
caution.

Even if the change of practice from uncemented to cemented
stems had already started before the national quality improve-
ment project was initiated, probably due to publications from
our registries [5,10], it seems clear that the project led to a fur-
ther substantial decrease in the number of uncemented femoral
stems used, both in elderly female THA patients and in elderly
hip fracture HA patients. The observed change of practice has
reduced the risk of secondary procedures at a national level.
Any secondary procedure after arthroplasty surgery represents
a temporary increase in morbidity and mortality for a patient
as well as a risk of a poorer functional result [29-31]. Conse-
quently, this project has made arthroplasty surgery in elderly
patients safer in Norway.

Strengths

The major strength of this quality improvement study was the
high number of patients. We were able to include all hospitals
using a low proportion of femoral stems in the pre-defined
patient categories. Both low-volume and high-volume hospi-
tals were included, and the hospitals represented all 4 regional
health authorities in Norway. The completeness of registration
in the NAR and NHFR is high for both primary operations
and revisions [1]. Unfortunately, we do not know the com-
pleteness of reporting for specific revision causes. Presumably
completeness and accuracy are poorer for certain reoperation
causes, such as infection or periprosthetic fracture with reten-
tion of the prostheses. As the quality improvement project
was evaluated with registry data, we were able to investigate
both changes in clinical practice and changes in outcome after
THAs and HAs during the study period.

Limitations

Residual confounding cannot be eliminated completely.
Accordingly, we can show associations, but not prove cau-
sality. Even if we observed a significant increase in the use
of cemented stems parallel to a reduced risk of reoperations
after both THAs and HAs, there may be other reasons for this
reduction in reoperations. As hospitals started to use cemented
stems more frequently at different times, a learning curve
could have been present during the study period. To minimize
the influence of changing practice, we chose to exclude opera-
tions in 2018 and compared the last 3 years before and the first
3 years after the improvement project was initiated. Finally,
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we had a short follow-up time. However, previous literature
has shown that, with contemporary implants, a large propor-
tion of the secondary procedures occur in the first year post-
operatively [22,32].

Conclusion

This quality improvement project resulted in a significant and
desirable increase in the use of cemented stems in both THAs
in women = 75 years and in HAs in hip fracture patients = 70
years. This change of practice coincided with a reduced risk
of reoperations, which was reduced even at a national level.
Using a national registry was a feasible and effective way of
conducting a national quality improvement project.

In perspective, this study underlines that quality improve-
ment studies have good potential to change practice and
should probably be used more.

JEG, DN, OF, GH, ED, and AMF planned the study. JEG wrote the initial
draft of the manuscript. AMF and GK performed the statistical analyses. All
authors contributed to the interpretation of the findings, and improvement
of the manuscript.

The authors thank the Norwegian surgeons participating in the quality
improvement project and the Regional Centre for Clinical Quality Reg-
istries, Western Norway Regional Health Authority, Bergen, Norway for
advice and support in this project.

Handling co-editors: Cecilia Rogmark and Philippe Wagner
Acta thanks Martin Lindberg-Larsen and Olof Skoldenberg for help
with peer review of this manuscript.

1. Furnes O, Gjertsen J E, Hallan G, Inderhaug E, Gundersen T, Hole
R M, et al. The Norwegian National Advisory Unit on Arthroplasty and
Hip Fractures. Annual Report 2023. ISBN: 978-82-91847-28-3. ISSN:
1893-8914; 2023.

2. Makela K T, Matilainen M, Pulkkinen P, Fenstad A M, Havelin L,
Engesaeter L, et al. Failure rate of cemented and uncemented total
hip replacements: register study of combined Nordic database of four
nations. BMJ 2014; 348: £7592. doi: 10.1136/bmj.f7592.

3. Dale H, Borsheim S, Kristensen T B, Fenstad A M, Gjertsen J E,
Hallan G, et al. Fixation, sex, and age: highest risk of revision for unce-
mented stems in elderly women—data from 66,995 primary total hip
arthroplasties in the Norwegian Arthroplasty Register. Acta Orthop 2020;
91: 33-41. doi: 10.1080/17453674.2019.1682851.

4. Hailer N P, Garellick G, Kérrholm J. Uncemented and cemented pri-
mary total hip arthroplasty in the Swedish Hip Arthroplasty Register.
Acta Orthop 2010; 81: 34-41. doi: 10.3109/17453671003685400.

5. Thien T M, Chatziagorou G, Garellick G, Furnes O, Havelin L I,
Makela K, et al. Periprosthetic femoral fracture within two years after
total hip replacement: analysis of 437,629 operations in the Nordic
Arthroplasty Register Association database. J Bone Joint Surg Am 2014;
96: e167. doi: 10.2106/JBJS.M.00643.

6. Bunyoz K I, Malchau E, Malchau H, Troelsen A. Has the use of fixa-
tion techniques in THA changed in this decade? The uncemented para-
dox revisited. Clin Orthop Relat Res 2020; 478: 697-704. doi: 10.1097/
CORR.0000000000001117.

7. Troelsen A, Malchau E, Sillesen N, Malchau H. A review of current
fixation use and registry outcomes in total hip arthroplasty: the unce-
mented paradox. Clin Orthop Relat Res 2013; 471: 2052-9. doi: 10.1007/
$11999-013-2941-7.

10.

11.

12.

13.

14.

15.

16.

19.

20.

21.

22.

Lindberg-Larsen M, Jorgensen C C, Solgaard S, Kjersgaard A G,
Kehlet H, Lundbeck Foundation Centre for Fast-track Hip and Knee
Replacement. Increased risk of intraoperative and early postoperative
periprosthetic femoral fracture with uncemented stems. Acta Orthop
2017; 88(4): 390-4. doi: 10.1080/17453674.2017.1302908.

Fernandez M A, Achten J, Parsons N, Griffin X L, Png M E,
Gould J, et al. Cemented or uncemented hemiarthroplasty for intra-
capsular hip fracture. N Engl J Med 2022; 386: 521-30. doi: 10.1056/
NEJMoa2108337.

Gjertsen J E, Lie S A, Vinje T, Engesaeter L B, Hallan G, Matre K,
et al. More reoperations with uncemented hemiarthroplasties than with
cemented hemiarthroplasties for the treatment of displaced femoral neck
fractures: an observational study of 11 116 hemiarthroplasties reported to
the Norwegian Hip Fracture Register. ] Bone Joint Surg Br 2012; 94(8):
1113-19. doi: 10.1302/0301-620X.94B8.29155.

Kristensen T B, Dybvik E, Kristoffersen M, Dale H, Engeszter L
B, Furnes O, et al. Cemented or uncemented hemiarthroplasty for
femoral neck fracture? Data from the Norwegian Hip Fracture Reg-
ister. Clin Orthop Relat Res 2020; 478(1): 90-100. doi: 10.1097/
CORR.0000000000000826.

Rogmark C,Fenstad AM, Leonardsson O, Engesaeter L B, Kiirrholm
J,Furnes O, et al. Posterior approach and uncemented stems increases the
risk of reoperation after hemiarthroplasties in elderly hip fracture patients.
Acta Orthop 2014; 85: 18-25. doi: 10.3109/17453674.2014.885356.

Islam R, Lanting B, Somerville L, Hunter S W. Evaluating the func-
tional and psychological outcomes following periprosthetic femoral frac-
ture after total hip arthroplasty. Arthroplast Today 2022; 18: 57-62. doi:
10.1016/j.artd.2022.08.012.

Khan T, Middleton R, Alvand A, Manktelow A R J, Scammell B
E, Ollivere B J. High mortality following revision hip arthroplasty for
periprosthetic femoral fracture. Bone Joint J 2020; 102-B: 1670-4. doi:
10.1302/0301-620X.102B12.BJJ-2020-0367 R1.

Lindahl H, Oden A, Garellick G, Malchau H. The excess mortal-
ity due to periprosthetic femur fracture: a study from the Swedish
national hip arthroplasty register. Bone 2007; 40: 1294-8. doi: 10.1016/j.
bone.2007.01.003.

National Institute of Health and Care Excellence. National Institute
of Health and Care Excellence clinical guideline CG124: the care of hip
fracture in adults 2011; 2011. www.nice.org.uk/guidance/cg124 (last
accessed September 1,2019).

. American Academy of Orthopaedic Surgeons. Management of hip

fractures in the elderly. AAOS; 2014. https://www.aaos.org/cc_files/
aaosorg/research/guidelines/hipfxguideline.pdf (last accessed October 3,
2019).

. Ranhoff A H, Saltvedt I, Frihagen F, Raeder J, Maini S, Sletvold O.

Interdisciplinary care of hip fractures: orthogeriatric models, alterna-
tive models, interdisciplinary teamwork. Best Pract Res Clin Rheumatol
2019; 33(2): 205-26. doi: 10.1016/j.berh.2019.03.015.

Donaldson A J, Thomson H E, Harper N J, Kenny N W. Bone cement
implantation syndrome. Br J Anaesth 2009; 102: 12-22. doi: 10.1093/bja/
aen328.

Talsnes O, Vinje T, Gjertsen J E, Dahl O E, Engesaeter L B, Baste
V, et al. Perioperative mortality in hip fracture patients treated with
cemented and uncemented hemiprosthesis: a register study of 11,210
patients. Int Orthop 2013; 37: 1135-40. doi: 10.1007/s00264-013-
1851-3.

Fenelon C, Murphy E P, Pomeroy E, Murphy R P, Curtin W, Murphy
C G. Perioperative mortality after cemented or uncemented hemiar-
throplasty for displaced femoral neck fractures: a systematic review
and meta-analysis. J Arthroplasty 2021; 36(2): 777-87. doi: 10.1016/j.
arth.2020.08.042.

Viberg B, Pedersen A B, Kjaersgaard A, Lauritsen J, Overgaard S.
Risk of mortality and reoperation in hip fracture patients undergoing
cemented versus uncemented hemiarthroplasty: a population-based study
from Danish National Registries. Bone Joint J 2022; 104-B: 127-33. doi:
10.1302/0301-620X.104B1.BJJ-2021-0523 R1.



Acta Orthopaedica 2024; 95: 130—137

137

23.

24.

25.

26.

27.

Pedersen A B, Mailhac A, Garland A, Overgaard S, Furnes O, Lie SA,
et al. Similar early mortality risk after cemented compared with cement-
less total hip arthroplasty for primary osteoarthritis: data from 188,606
surgeries in the Nordic Arthroplasty Register Association database. Acta
Orthop 2021; 92: 47-53. doi: 10.1080/17453674.2020.1842003.

Havelin L I, Engesaeter L. B, Espehaug B, Furnes O, Lie S A,
Vollset S E. The Norwegian Arthroplasty Register: 11 years and
73,000 arthroplasties. Acta Orthop Scand 2000; 71: 337-53. doi:
10.1080/000164700317393321.

Gjertsen J E, Engesaeter L B, Furnes O, Havelin L I, Steindal K,
Vinje T, et al. The Norwegian Hip Fracture Register: experiences after
the first 2 years and 15,576 reported hips. Acta Orthop 2008; 79(5): 583-
93. doi: 10.1080/17453670810016588.

Ranstam J, Kirrholm J, Pulkkinen P, Mikeli K, Espehaug B, Ped-
ersen A B, et al. Statistical analysis of arthroplasty data, II: Guidelines.
Acta Orthop 2011; 82(3): 258-67. doi: 10.3109/17453674.2011.588863.

Kristensen T B, Dybvik E, Furnes O, Engesater L B, Gjertsen J E.
More reoperations for periprosthetic fracture after cemented hemiarthro-
plasty with polished taper-slip stems than after anatomical and straight
stems in the treatment of hip fractures. a study from the Norwegian Hip
Fracture Register 2005 to 2016. Bone Joint J 2018; 100-B(12): 1565-71.
doi: 10.1302/0301-620X.100B12.BJJ-2018-0262 R1.

28.

29.

30.

31.

32.

Mukka S, Mellner C, Knutsson B, Sayed-Noor A, Skoldenberg O.
Substantially higher prevalence of postoperative peri-prosthetic fractures
in octogenarians with hip fractures operated with a cemented, polished
tapered stem rather than an anatomic stem. Acta Orthop 2016; 87: 257-
61. doi: 10.3109/17453674.2016.1162898.

Lie S A, Havelin L I, Furnes O N, Engesaeter L B, Vollset S E. Fail-
ure rates for 4762 revision total hip arthroplasties in the Norwegian
Arthroplasty Register. J Bone Joint Surg Br 2004; 85(4): 504-9. PMID:
15174543.

Lie S A, Pratt N, Ryan P, Engesaeter L. B, Havelin L I, Furnes O, et
al. Duration of the increase in early postoperative mortality after elective
hip and knee replacement. J Bone Joint Surg Am 2010; 92(1): 58-63. doi:
10.2106/JBJS.H.01882.

Espehaug B, Havelin L I, Engesaeter L. B, Langeland N, Vollset S
E. Patient satisfaction and function after primary and revision total
hip replacement. Clin Orthop Relat Res 1998; (351): 135-48. PMID:
9646756.

Gjertsen J E, Lie S A, Fevang J M, Havelin L I, Engesaeter L B,
Vinje T, et al. Total hip replacement after femoral neck fractures
in elderly patients: results of 8,577 fractures reported to the Nor-
wegian Arthroplasty Register. Acta Orthop 2007; 78(4): 491-7. doi:
10.1080/17453670710014130.



