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Background: No prospective surveillance system exists for monitoring the outcome of cruciate ligament surgery.
Purpose: This article is intended to describe the development and procedures of the Norwegian National Knee Ligament
Registry (NKLR), including baseline results from the first 2 years of operation.
Study Design: Cohort study (prevalence); Level of evidence, 1.
Methods: The NKLR was established on June 7, 2004 to collect information prospectively on all cases of cruciate ligament
reconstruction surgery in Norway. Information on the details of surgery is gathered through a registration form completed by the
surgeon postoperatively, and a validated knee outcome score form is completed by the patients preoperatively and at followups on all patients at 2, 5, and 10 years postoperatively. Hospital compliance was examined in 2005 and 2006.
Results: A total of 2793 primary cruciate ligament reconstruction surgeries were registered by 57 hospitals. This corresponds to
an annual population incidence of primary anterior cruciate ligament reconstruction surgeries of 34 per 100 000 citizens (85 per
100 000 citizens in the main at-risk age group of 16-39 years). After 21 months of operation, the NKLR had an overall compliance of 97% when compared with the hospital records.
Conclusions: A national population-based cruciate ligament registry has been developed, implemented, and maintained in
Norway. The registry will each year enroll approximately 1500 primary cruciate ligament reconstruction cases. It is expected that
inadequate procedures and devices can be identified, as well as prognostic factors associated with good and poor outcomes,
at least for the most frequent categories.
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National quality registries have been used in several
medical specialties to improve health care in
Scandinavia,1,15,20,21,24,27,28,33 including Norway.3,17,21,23 Because
of the inferior clinical results associated with some hip prosthesis designs in the early 1980s,10 the nationwide Norwegian
Hip Arthroplasty Register (NAR) was established in 1987 with
implant revision as the main end point.14 Its aim was the early

detection of inferior results caused by implants, cements, or
6,11
surgical techniques. In 1994, the registry was expanded to
include all joint replacements.11 In 1995, 2 papers12,13 were
published that described the detection of inferior implants at
an early stage, a finding only possible through registry studies.
The NAR is based on a simple reporting system (approximately 1 minute is required to complete a single-page registration form) and the hospitals are provided with
continuous feedback from the registry.11 These 2 factors
are believed to explain why the compliance rate of nearly
100% has not declined during 20 years of operation.4,11
Immediately after each operation, the surgeon completes
the registration form, which is mailed to the NAR office.14
Patient identification and the different procedures, including the type of implant and cement used, are specified on
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the registration form. Feedback is given as annual national
reports. In addition, each hospital receives a report on its
own activities and results, which can be compared with the
national average. A wide range of studies have been published based on the NAR database.11
In contrast to joint replacement surgery, for which national
registries have been established in Norway, Sweden (1979),
Finland (1980), Denmark (1995), Australia (1999), New
Zealand (1999), Canada (2000), Romania (2001), and
England and Wales (2003), no national prospective surveillance system exists for monitoring the outcome of knee ligament surgery in a predefined population. Evidence from the
Scandinavian joint replacement registries indicates that a
national knee ligament registry could be highly beneficial.12,13,16,26 First, treatment outcome can be improved
through feedback to the hospitals and surgeons from the registries. Second, there are still several unresolved issues
related to cruciate ligament surgery and postoperative rehabilitation methods. Some of these can and should be
addressed by conducting properly designed randomized controlled trials. However, because of practical, financial, or
other restraints, such studies are often not possible. Also,
some questions can only be answered by large cohort studies.
This includes the detection of procedures and devices that
result in premature failure. Third, large cohort studies can be
used to identify prognostic factors associated with good and
poor outcomes.
This background served as the impetus for designing the
Norwegian National Knee Ligament Registry (NKLR).
This article describes the development and procedures of
the first national knee ligament registry, including baseline results from the first 2 years of operation.

MATERIALS AND METHODS
Structure
A working group was established with members from NAR
and the Oslo Sports Trauma Research Center (OSTRC) in
2002. The group designed the registry, constructed forms,
planned the logistics, and contacted the hospitals. The
NKLR is owned by the Norwegian Orthopaedic Association
(NOA), and a steering committee with 6 members is
appointed jointly by NOA and OSTRC. Since the official
start on June 7, 2004, the steering committee has been
responsible for the budget, planning, and continuous evaluation of the dataset.

Design
The NKLR is designed to collect information prospectively
on all cases of cruciate ligament reconstruction surgery. To
be included in the cohort, a patient should be a resident of
Norway undergoing primary or revision reconstruction surgery for an anterior cruciate ligament (ACL) and/or posterior cruciate ligament (PCL) injury at a Norwegian hospital.
In addition, the NKLR also records all surgical procedures
to a knee joint that has previously undergone primary or
revision ACL and/or PCL reconstruction surgery.
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Participation is voluntary, and all patients are asked to
sign an informed consent form before surgery. The consent
form contains information about the NKLR, the type of
information recorded, data protection, and the procedure for
follow-ups, and informs the patient that he or she may be
invited to participate in research projects at a later stage.
The patients are also asked to complete a validated knee
outcome score form, the Knee injury and Osteoarthritis
Outcome Score (KOOS).22 The KOOS form is a knee-specific
instrument, developed to assess patients’ opinion about
their knees and associated problems, and was intended to
be used for knee injuries that could result in posttraumatic
osteoarthritis.
The form includes 42 items in 5 separately scored subscales: pain (9 items), other symptoms (7 items), function
in activities of daily living (17 items), function in sport
and recreation (5 items), and knee-related quality of life
(4 items). Each item is responded to by marking 1 of 5
response options on a Likert scale. The Western Ontario
and McMaster Universities (WOMAC) LK 3.02 items are
included in the first 3 KOOS subscales. The KOOS is valid
and reliable for short-term and long-term follow-up studies
of knee injury and osteoarthritis.30-32 It is also valid for
patients in the age group 14 to 78 years of age. The KOOS
was considered reliable and responsive for assessment of
knee complaints in a recent comparative review of kneespecific outcome measures.7 Confidentiality is ensured for
patients and individual surgeons. The study has been
approved by the Data Inspectorate as an expansion of the
NAR concession.
The registry makes use of both objective and subjective
end points. Similar to NAR, the hard end points are revision surgery after cruciate ligament surgery and total knee
replacement. Unlike NAR, the NKLR will include routine
follow-ups on all patients at 2, 5, and 10 years postoperatively using KOOS score as a soft end point. The KOOS
form will be dispatched from the NKLR secretariat at the
time for follow-ups. The NKLR will offer different ways of
returning the completed KOOS forms, such as regular mail
and Internet, as an attempt to ensure a high compliance
rate. The KOOS form is not returned to the patient if
incomplete. Missing data are treated according to the
guidelines for KOOS score calculation.31

Registration Process
After pilot testing at 3 hospitals, the registration form
(Appendix 1) has been developed to collect information on
the details of surgery. One form is completed for each knee
joint undergoing surgical treatment. Similar to NAR, the
form is completed by the surgeon immediately after surgery has been performed.
The data items recorded are a minimal set suited for a
paper-based or web-based reporting system, not to exceed
1 page. The items were chosen based on the following 3 criteria. Can the question addressed be clearly specified and
justified? Is the question clinically relevant? Can the item
be completed postoperatively while dictating the surgery
notes, not needing to seek information from other sources?
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Cartilage lesions are graded according to the International
Cartilage Repair Society.34 To obtain accurate information on
the different fixation devices, it is recommended that the surgeon report the catalog number of each device by using the
unique bar-code stickers delivered by the manufacturers.
The stickers contain all vital information about the device.
The surgeon signs the form, but the surgeon’s identity is not
recorded, and thus cannot be traced in the registry.
One copy of the registration form is sent to NKLR and
the original is retained in the patient’s hospital chart. On
arrival at the NKLR, the KOOS and registration forms are
checked for completeness and entered into a computerized
data management system. This is developed as an Oracle
database (Oracle Corporation, Redwood Shores, Calif) with
clerical and electronic data checks, as well as automated
coding and reporting facilities. After registration, the data
are further checked to ensure the quality, eliminate possible duplicates and illogical combinations in the form, and
ensure conformity between registration and KOOS forms.
A copy of the registration form is returned to the hospital
if the form is incomplete (eg, if essential data such as the date
of operation or the social security number are missing). If the
form is not returned after 1 reminder or the data cannot be
found, the form is marked as incomplete and labeled “missing” for the missing data, thus retaining the possibility of
using incomplete forms in the analysis.
The patients are identified by their unique social security number (including date of birth), which is assigned to
all Norwegian residents. The social security number is
used to link the KOOS and registration forms, and to
update the registry annually with death and emigration
data before extracting data files for analysis.

Compliance
A first baseline compliance study was carried out in March
2005 covering the period October 1, 2004 through February
28, 2005. The study covered primary ACL reconstructions
and ACL revision surgeries, not other procedures. Data
from the NKLR were compared with the Norwegian
Patient Register (NPR), which has been established by the
Ministry of Health and Social Services to provide statistics
from the Norwegian hospital sector, as well as with patient
data from hospital records. The NPR has been used as a
gold standard by NAR.4 Ten hospitals participated, representing all 5 health regions, hospitals with large and small
volumes (cut-off was set at 30 annual ACL procedures),
public and private hospitals, and hospitals with and without surgeons who were involved in developing NKLR.
Based on preliminary data, we estimated that at least 250
cases could be expected from these hospitals, which would
give the study sufficient power. All of the 10 invited hospitals agreed to participate.
A second study was performed in 2006 covering the
period October 1, 2005 through February 28, 2006. This
study used the same procedures as described for the baseline compliance study with 2 exceptions. Some of the hospitals dispatched the data electronically (electronic patient
journals), and the surgical log books were used as the gold
standard. This study covered 14 randomly chosen hospitals
participating in the NKLR.
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Research and Information
Requests for data from the NKLR are encouraged, and data
files are returned to the surgeon or hospital in question after
approval of a written request addressed to the steering
committee. Only the official hospital contact can ask for
patient-identifiable information from his or her own hospital. Some legal restrictions exist, primarily the combination
of NKLR with other population-based registries in Norway.
Requests for more extensive data for research projects also
require a written application to the steering committee. If
external researchers wish to combine data from the NKLR
with their own data files, specific approval is required from
the Data Inspectorate and the appropriate Regional
Committee for Medical Research Ethics.
Descriptive national data are provided in an annual
report, which is sent to all members of the NOA, all hospitals performing cruciate ligament surgery, and to the
health authorities. This report is also published on the
joint website of NAR and NKLR (www.haukeland.no/nrl).
In addition, each participating hospital will receive
descriptive statistics and outcome data for their own hospital, which they can compare with the national report.

Staff and Operating Costs
The NKLR employs a secretary (50% position), a computer
engineer (50%), and an orthopaedic surgeon (20%) as the
administrative head of NKLR. In addition, each hospital
provides secretarial assistance amounting to approximately
10% of a full position. The total operating budget for 2006 for
the central NKLR office is 527 000 krones (approximately
67 000 euros, or 91 000 US dollars). This cost does not include
salary for additional staff involved in various research projects based on the NKLR. It is expected that the basic operating costs will increase somewhat as the cohort and
number of follow-ups increase year by year.

RESULTS
Descriptive Data
From June 7, 2004 until May 24, 2006 (687 days), 2793 primary cruciate ligament reconstruction surgeries were registered by 57 hospitals. This corresponds to an annual rate of
1484 primary cruciate ligament reconstructions in Norway,
1168 of them in the age group 16 through 39 years (the main
population at risk). In 2005, there were 4 393 000 citizens in
Norway, 1 382 000 of them aged 16 through 39 years. Thus, the
annual population incidence of primary ACL reconstruction
surgeries was 34 per 100 000 citizens, while the incidence in
the 16 to 39 years age group was 85 per 100 000 citizens.
Of the 2793 cases recorded in the NKLR, 2714 were primary ACL reconstructions, 25 were primary PCL reconstructions, and 54 were combined primary reconstructions
of both cruciate ligaments.

How Complete Are the Data?
The baseline compliance study identified 285 cases in the
NKLR database, 332 in the hospital protocols, and 339 at
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TABLE 1
Patient Characteristics for All Primary Cruciate Ligament Reconstruction Surgery Casesa
ACL (n = 2714)

PCL (n = 25)

ACL and PCL (n = 54)

57
27 (12-67)
191
Soccer (n = 1088)
Team handball (n = 413)
Alpine skiing (n = 270)
7 (0-416)
35
5
99
77

72
28 (17-57)
0
Traffic (n = 8)
Soccer (n = 7)

59
34 (15-36)
4
Traffic (n = 15)
Cross-country skiing (n = 10)
Alpine skiing (n = 6)
7 (0-104)
4
0
100
94

Characteristics
Sex (% male)
Age (median, range)
Previous ACL or PCL injury to opposite knee
Most frequent activities causing injury

Median time to surgery in months (range)
Outpatient surgery (%)
Perioperative complications (%)b
Prophylactic antibiotics (%)
Prophylactic anticoagulation (%)c

13 (6-170)
0
0
100
90

a

ACL, anterior cruciate ligament; PCL, posterior cruciate ligament.
Most often due to failure of devices or grafts.
c
Incorporated into the form January 2005.
b

TABLE 2
Group-Specific Preoperative KOOS Scoresa
Subscale
Pain
Symptoms
Activities of daily living
Sports/recreation
Quality of life

Primary ACL
Group (n = 2426)
72.9
71.5
81.2
40.9
34.0

±
±
±
±
±

18.2
17.8
18.4
26.5
18.2

Primary PCL
Group (n = 24)
62.6
71.1
75.2
35.2
33.1

±
±
±
±
±

17.9
15.6
16.2
25.0
15.4

Primary ACL and
PCL Group (n = 51)
69.2
72.3
68.4
31.3
31.9

±
±
±
±
±

25.8
18.9
27.3
32.2
28.9

a

Data are shown as the mean with standard deviation for each subscore.
KOOS, Knee injury and Osteoarthritis Outcome Score; ACL, anterior cruciate ligament; PCL, posterior cruciate ligament.

the NPR. Thus, after 4 to 9 months of operation, the NKLR
had a compliance of 84% in relation to the NPR among the
hospitals participating. At this time, 51 out of a possible
total of 56 hospitals and clinics (91%) took part.
The second compliance study identified 195 cases in the
NKLR database, 202 in the protocols at the hospitals, and
181 at the NPR (1 private hospital with 18 cases recorded in
the NKLR database did not report to the NPR). Thus, after
16 to 21 months of operation, the NKLR had compliance of
97% and 98% in relation to the hospital protocols (195/202)
and NPR (177/181), respectively. By the end of the study
period, all hospitals and clinics (N = 57) participated in the
NKLR, although the last hospital was not included until the
final 2 months of the second compliance study period.

Primary ACL Reconstructions
A total of 2714 primary ACL reconstruction surgeries were
performed at 57 different hospitals. Of these, 1717 patients
(63%) underwent surgery within a year of the index injury,
while 285 (11%) waited more than 5 years before surgery
(101 cases have missing information). The characteristics
and preoperative KOOS scores for this group are outlined in
Tables 1 and 2. Patients who had waited more than 5 years
before surgery did not differ significantly in their KOOS
scores from the rest of the patients with primary ACL reconstructions (data not shown). A total of 578 patients (21%)
had previously undergone surgery (all specified) to the index

knee. In 10 cases (<1%), a PCL injury was also reported, but
not treated surgically. In 27 cases (1%), a lateral collateral
ligament (LCL) injury was reported, while a medial collateral ligament (MCL) injury was reported in 129 cases (5%).
A total of 1287 cases (47%) had associated meniscal tears;
90% of these were treated surgically.
Cartilage lesions were reported in 712 knees (26%), and
59% of these were treated surgically. When grading the
cartilage lesions, 222 cases (31%) were classified as grade
1, 283 (40%) as grade 2, 151 (21%) as grade 3, and 49 (7%)
as grade 4; 7 cases had missing grading. In 392 cases
(55%), the largest lesion measured 2 cm2 or less, while in
271 cases (38%), at least 1 lesion was greater than 2 cm2
(49 knees with cartilage lesions did not report measurements). A total of 80 patients (11%) had grade 3 or 4 cartilage lesions of more than 2 cm2.
In 1105 cases (41%), a bone–patellar tendon–bone autograft was used, while a hamstring autograft was used in
1597 cases (59%). Only 11 (<1%) of the primary ACL reconstruction surgeries were done with other graft types. The
number of different fixation devices used is shown in Table 3.

Primary PCL Reconstructions
A total of 25 primary PCL reconstruction surgeries were
performed by 4 different hospitals. Of these, 10 patients
(40%) received surgery within a year of the index injury,
while 5 (20%) waited more than 5 years before surgery. The
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TABLE 3
The Number of Different Devices Used on the Femur and
Tibia for ACL and PCL Fixationa
ACL

ACL
PCL
MCL
LCL
PLC

PCL

Femur
Fixation

Tibia
Fixation

Femur
Fixation

Tibia
Fixation

29
6
4
1
1

33
4
4
1
2

7
10
2
1
1

11
7
1
1
2

a

The data are based on all primary (N=2793) or revision (N=31)
reconstruction surgery cases.
ACL, anterior cruciate ligament; PCL, posterior cruciate ligament; MCL, medial collateral ligament; LCL, lateral collateral ligament; PLC, posterolateral corner.

characteristics and preoperative KOOS scores for this
group are outlined in Tables 1 and 2. A total of 3 patients
(12%) had previously undergone surgery (all specified) to
the index knee. In 2 cases (4%), a posterolateral corner
(PLC) injury was reported, while an MCL injury was
reported in 5 cases (20%). Two cases (8%) had associated
meniscal tears; neither of these were treated surgically.
Cartilage lesions were reported in 10 knees (40%), and
40% of these were treated surgically. When grading the
cartilage lesions, 8 cases (80%) were classified as grade 2,
and 2 (20%) as grade 3. In 2 cases (20%), the largest lesion
measured 2 cm2 or less, while in 8 cases (80%) at least 1
lesion was greater than 2 cm2. One patient (4%) had grade
3 or 4 cartilage lesions of more than 2 cm2.
In 4 cases (16%), a bone–patellar tendon–bone autograft
was used, while a hamstring autograft was used in 19
cases (76%). Only 2 (8%) of the primary PCL reconstruction surgeries were done with other graft types.

Combined Primary ACL and PCL Reconstructions
A total of 54 combined primary ACL and PCL reconstruction surgeries were performed by 6 different hospitals. Of
these, 38 patients (70%) received surgery within a year of
the index injury, while 3 (6%) waited for more than 5 years
before surgery. The characteristics and preoperative KOOS
scores for this group are outlined in Tables 1 and 2. A total
of 4 patients (7%) had previously undergone surgery (all
specified) to the index knee. In 18 cases (33%), a PLC
injury was reported; in 4 cases (7%), an LCL injury was
reported; and an MCL injury was reported in 30 cases
(56%). A total of 17 cases (31%) had associated meniscal
tears; 82% of these were treated surgically.
Cartilage lesions were reported in 26 knees (48%), and
35% of these were treated surgically. When grading the
cartilage lesions, 3 cases (12%) were classified as grade 1,
10 (38%) as grade 2, 9 (35%) as grade 3, and 4 (15%) as
grade 4. In 9 cases (35%), the largest lesion measured 2
cm2 or less, while in 17 cases (65%) at least 1 lesion was
greater than 2 cm2. Eight patients (31%) had grade 3 or 4
cartilage lesions of more than 2 cm2.
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In 41 of the 54 combined cases (76%) a bone–patellar
tendon–bone autograft was used to reconstruct the ACL,
while a hamstring autograft was used in 10 cases (19%)
and other graft types were used in 3 cases (6%). To reconstruct the PCL, a bone–patellar tendon–bone autograft
was used in 1 case (2%), a hamstring autograft was used in
37 cases (69%), another graft type was used in 7 cases
(13%), while in 9 cases (17%) the PCL injury was not
reconstructed.

Revision ACL and/or PCL Reconstructions
A subgroup of 31 of the 2793 patients (1.1%) included from
the start of the NKLR was recorded as undergoing cruciate
ligament revision surgery during the period. Of these,
there are 28 patients from the primary ACL surgery group,
2 from the primary PCL surgery group, and 1 from the
group that had primary reconstruction of both the ACL
and PCL. The median time to revision surgery was 300
days (range, 2-593). There was no difference in their preoperative KOOS score between primary surgery and revision surgery (data not shown).

DISCUSSION
This article describes the development of the world’s first
national cruciate ligament surgery registry, its design, procedures, and characteristics of patients included. The results
show that in 2 years of operation, nearly all patients undergoing cruciate ligament surgery were included in the registry.
Based on these data, it may be expected that the NKLR
each year will enroll approximately 1460 primary ACL
reconstruction cases, 10 primary PCL reconstructions, and
30 combined primary reconstructions. In the future, the
registry will also record revision reconstruction surgery
and other surgical procedures to all knee joints previously
recorded in the registry.
Patient registries are established to improve the standard of health care. Specifically, they are meant to serve 3
purposes: to improve treatment outcomes through feedback to the hospitals and surgeons, to detect procedures
and devices that result in premature failure, and to identify prognostic factors associated with good and poor outcomes. However, to serve these purposes, the accuracy of
the outcome measures used is critical. The joint registries,
including NAR, only use revision surgery as an end point.
Thus, patients may have a poor result without this being
registered. In contrast, in addition to revision surgery,
NKLR also includes routine follow-ups with patientreported KOOS scores as the primary end point. The KOOS
scores are collected preoperatively from the patients, as well
as after 2, 5, and 10 years postoperatively. The intention is
to detect inferior results and early failures, regardless of
whether patients with a failed graft decide to go through
revision surgery or not. Also, at a later stage, data from
NKLR can be combined with data from NAR on knee
arthroplasties, thus using surgically verified severe
osteoarthritis as an additional end point.
The choice of the KOOS form over other alternatives
took a number of elements into consideration: The form
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should be patient-based to allow for nonbiased outcome
data. The form should be self-explanatory, and time
required to complete the form should be kept to a maximum of 10 minutes to ensure good compliance at followups. Finally, the form had to be validated for cruciate
ligament surgery. These requirements left us with two
choices: KOOS or International Knee Documentation
Committee (IKDC) 2000.18,19 We chose the KOOS form
because, in our opinion, it is far more user-friendly from a
patient’s perspective than the IKDC 2000. However, it
remains to be seen how well patients will comply with the
follow-up procedures.
To serve its first purpose, to improve treatment outcomes through continuous feedback to the participating
hospitals, each year hospitals are provided with results on
their own patients and national data. This is based on the
idea that hospitals able to compare their outcomes with
national averages will improve by following the better
examples. An annual report is sent to all the members of
the NOA, to all hospitals performing cruciate ligament
surgery, and to the health authorities, and also published
on the joint website of NAR and NKLR (www.haukeland.no/nrl). The NKLR depends on participation from all
orthopaedic surgeons performing cruciate ligament surgery, including those normally not involved in research.
Feedback is therefore also important to maintain motivation and interest in the registry, and we believe the reporting procedure explains the high compliance with the
registry observed. Based on our previous experience with
NAR, it may be expected that compliance will remain high.
This is based on the premise that there will be no additional demands on the surgeons except filling out the
forms, and that NKLR will serve the hospitals with clinically relevant and important information.
The second purpose, to detect procedures and devices
that result in premature failure, can be achieved based on
revision surgery or, if a revision has not been performed,
deterioration of the KOOS score.29 The following example
illustrates this point. A score of at least 60 points may be
expected with a successful outcome after surgery.31 Ageand sex-specific general population reference values are
also available for all 5 KOOS subscales.29 A change in the
KOOS score of 10 points can be considered a clinically significant difference—as an improvement after surgery or
deterioration after graft failure.29 Thus, the number of
patients needed to detect failure in a cohort study may be
calculated. Assuming a more conservative estimate, that a
difference of 20 points is sufficient to predict an inferior
device or procedure, as few as 14 failures are needed, using
standard statistical values. These estimates also apply if
the purpose is to discover prognostic factors that are associated with good or poor outcomes. For example, there are
many patients with large cartilage lesions (>2 cm2) and
lesions graded 3 or 4 that are of special interest as their
treatment outcome may be less predictable. Thus, because
it may be estimated that the registry will include 2-year
outcome data on at least 6500 patients with isolated ACL
reconstructions after 7 years of operation, it seems reasonable to assume that the registry will be able to provide relevant data on inadequate procedures and devices. However,

The American Journal of Sports Medicine

less common procedures and devices will be difficult to
assess, and it should be noted that the frequency of devices
in use varies considerably (Table 3). Also, as shown in the
results, isolated PCL reconstructions and combined
ACL/PCL reconstructions are much less frequent than isolated ACL reconstructions, and for these procedures it will
be difficult to study subgroups, even with a national registry.
However, this may be achieved when the registries of
Sweden, Denmark, and Norway are combined.
It may be argued that randomized controlled trials
(RCTs) are better than cohort studies to assess the outcome of cruciate ligament surgery. Although RCTs are
preferable to address specific research questions, such as
comparing 1 surgical procedure to another, they are difficult to organize, time-consuming, and costly. Therefore, it is
often not possible or even justified to conduct an RCT to
address anything but major differences in procedures or
devices. One example may be minor changes in screw
design or materials. A national registry can be used to
assess results with minimal additional work or cost.
However, it should be noted that in a nonrandomized
cohort study, confounding factors must be adjusted for,
either by selection of homogeneous subgroups or by use of
a multiple regression model when analyzing the results.12
An important limitation of the registry is that only surgically treated cruciate injuries are included. Some studies
have shown that most cruciate ligament-injured patients
will see medical care and thus could be entered into the registry.9 However, because of logistic and diagnostic issues, we
have decided to not include this group at this stage.
The annual Norwegian population incidence of primary
ACL reconstruction surgeries was 34 per 100 000 citizens,
while the incidence in the 16- to 39-year-old age group was
85 per 100 000 citizens, both higher than previously published. Based on a questionnaire to all Norwegian hospitals in 2001 and 2002-2003, we estimated the annual
incidence to be 42 ACL surgeries per 100 000 citizens.8
However, because we do not know the ratio of surgically
treated versus conservatively treated cases, the population
incidence of ACL injuries is not known. In Germany, this
has been estimated to be 32 per 100 000 citizens in the general population, and 70 per 100 000 citizens among the
more physically active.25 A recent study from 1 emergency
department in Sweden reported that the physically active
population between 10 to 64 years of age had an annual
incidence of ACL injuries of 81 per 100 000 citizens.5
However, the present study is the first extensive and complete population-based survey and from our data it
appears that the true population incidence may be 50% to
100% higher, as in our experience as many as 30% to 50%
of all ACL-injured subjects do not undergo surgery.
In conclusion, this study shows that a national populationbased cruciate ligament registry could be developed, implemented, and maintained in Norway, providing data on more
than 95% of all patients undergoing cruciate ligament surgery. The registry will each year enroll approximately 1460
primary ACL reconstruction cases, 10 primary PCL reconstruction cases, and 30 cases of primary reconstruction of
both cruciate ligaments. It may be expected that the registry
can enable us to identify inadequate procedures and devices,
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as well as prognostic factors associated with good and poor
outcomes, at least for the most frequent categories.

ACKNOWLEDGMENT
The NKLR is financed by the Oslo Sports Trauma Research
Center, which has been established through generous grants
from the Eastern Norway Regional Health Authority, Pfizer
AS, the Royal Norwegian Ministry of Culture, the Norwegian
Olympic Committee & Confederation of Sport, and Norsk
Tipping. In addition, the NKLR has been supported through
a grant from the Norwegian Medical Association’s Fund for
Quality Improvement. Lars-Petter Granan has been supported by the Medical Research Curriculum at the
University of Oslo. The authors thank the NKLR secretariat,
Ruth Gunvor Wasmuth and Marianne Wiese; medical students Kristoffer Solumshengslet and Karianne Ytterstad for
their contribution with the compliance studies; and the staff
and colleagues of the participating orthopaedic and surgical
departments for their cooperation.
REFERENCES
1. Akesson K. Bone and joint diseases around the world. Sweden: a brief
update on burden and priority. J Rheumatol Suppl. 2003;67:38-40.
2. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW.
Validation study of WOMAC: a health status instrument for measuring
clinically important patient relevant outcomes to antirheumatic drug
therapy in patients with osteoarthritis of the hip or knee. J Rheumatol.
1988;15:1833-1840.
3. Bergem AL. Norwegian Twin Registers and Norwegian twin studies:
an overview. Twin Res. 2002;5:407-414.
4. Espehaug B, Furnes O, Havelin LI, Engesaeter LB, Vollset SE,
Kindseth O. Registration completeness in the Norwegian Arthroplasty
Register. Acta Orthop. 2006;77:49-56.
5. Frobell RB, Lohmander LS, Roos HP. Acute rotational trauma to the
knee: poor agreement between clinical assessment and magnetic resonance imaging findings. Scand J Med Sci Sports. 2007;17:109-114.
6. Furnes O, Espehaug B, Lie SA, Vollset SE, Engesaeter LB, Havelin LI.
Early failures among 7,174 primary total knee replacements: a followup study from the Norwegian Arthroplasty Register 1994-2000. Acta
Orthop Scand. 2002;73:117-129.
7. Garratt AM, Brealey S, Gillespie WJ. Patient-assessed health instruments for the knee: a structured review. Rheumatology (Oxford).
2004;43:1414-1423.
8. Granan LP, Engebretsen L, Bahr R. Surgery after anterior cruciate ligament injuries in Norway [article in Norwegian]. Tidsskr Nor
Laegeforen. 2004;124:928-930.
9. Grontvedt T, Heir S, Rossvoll I, Engebretsen L. Five-year outcome of
13 patients with an initially undiagnosed anterior cruciate ligament
rupture. Scand J Med Sci Sports. 1999;9:62-64.
10. Havelin LI. Hip Arthroplasty in Norway 1987-1994: The Norwegian
Arthroplasty Register. Bergen, Norway: University of Bergen; 1995.
11. Havelin LI, Engesaeter LB, Espehaug B, Furnes O, Lie SA, Vollset SE.
The Norwegian Arthroplasty Register: 11 years and 73,000 arthroplasties. Acta Orthop Scand. 2000;71:337-353.
12. Havelin LI, Espehaug B, Vollset SE, Engesaeter LB. Early aseptic
loosening of uncemented femoral components in primary total hip

National Cruciate Ligament Surgery Registry

7

replacement: a review based on the Norwegian Arthroplasty Register.
J Bone Joint Surg Br. 1995;77:11-17.
13. Havelin LI, Espehaug B, Vollset SE, Engesaeter LB. The effect of the
type of cement on early revision of Charnley total hip prostheses: a
review of eight thousand five hundred and seventy-nine primary
arthroplasties from the Norwegian Arthroplasty Register. J Bone Joint
Surg Am. 1995;77:1543-1550.
14. Havelin LI, Espehaug B, Vollset SE, Engesaeter LB, Langeland N. The
Norwegian arthroplasty register: a survey of 17,444 hip replacements
1987-1990. Acta Orthop Scand. 1993;64:245-251.
15. Heaf J. The Danish Renal Biopsy Register. Kidney Int. 2004;66:895-897.
16. Herberts P, Malchau H. How outcome studies have changed total hip
arthroplasty practices in Sweden. Clin Orthop Relat Res. 1997;344:44-60.
17. Irgens LM. The Medical Birth Registry of Norway: epidemiological
research and surveillance throughout 30 years. Acta Obstet Gynecol
Scand. 2000;79:435-439.
18. Irrgang JJ, Anderson AF, Boland AL, et al. Development and validation of the international knee documentation committee subjective
knee form. Am J Sports Med. 2001; 29:600-613.
19. Johnson DS, Smith RB. Outcome measurement in the ACL deficient
knee: what’s the score? Knee. 2001;8:51-57.
20. Kallen B. The use of national health registers for studying environmental causes of congenital defects. Rev Environ Health. 2005;20:57-64.
21. Kjaerheim K. Occupational cancer research in the Nordic countries.
Environ Health Perspect. 1999;107 Suppl 2:233-238.
22. Knee injury and Osteoarthritis Outcome Score. http://www.koos.nu
(Accessed September 2007).
23. Kvien TK, Uhlig T. The Oslo experience with arthritis registries. Clin
Exp Rheumatol. 2003;21(5 Suppl 31):S118-S122.
24. Lichtenstein P, De Faire U, Floderus B, Svartengren M, Svedberg P,
Pedersen NL. The Swedish Twin Registry: a unique resource for clinical,
epidemiological and genetic studies. J Intern Med. 2002;252:184-205.
25. Lobenhoffer P. Knee ligament injuries: anatomy, biomechanics, diagnosis, indications [article in German]. Chirurg. 1999;70:219-230.
26. Malchau H, Herberts P, Eisler T, Garellick G, Soderman P. The
Swedish Total Hip Replacement Register. J Bone Joint Surg Am.
2002; 84(Suppl 2):2-20.
27. Ohm KK, Derom C. Data collection on multiple births: establishing twin
registers and determining zygosity. Early Hum Dev. 2006;82:357-363.
28. Pahlman L, Gunnarsson U, Karlbom U. The influence on treatment
outcome of structuring rectal cancer care. Eur J Surg Oncol. 2005;31:
645-649.
29. Paradowski PT, Bergman S, Sunden-Lundius A, Lohmander LS, Roos
EM. Knee complaints vary with age and gender in the adult population:
population-based reference data for the Knee injury and Osteoarthritis
Outcome Score (KOOS). BMC Musculoskelet Disord. 2006;7:38.
30. Roos EM, Roos HP, Ekdahl C, Lohmander LS. Knee injury and
Osteoarthritis Outcome Score (KOOS): validation of a Swedish version. Scand J Med Sci Sports. 1998;8:439-448.
31. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee
Injury and Osteoarthritis Outcome Score (KOOS): development of a
self-administered outcome measure. J Orthop Sports Phys Ther.
1998;28:88-96.
32. Roos EM, Toksvig-Larsen S. Knee injury and Osteoarthritis Outcome
Score (KOOS): validation and comparison to the WOMAC in total
knee replacement. Health Qual Life Outcomes. 2003;1:17.
33. Sokka T. National databases and rheumatology research: I. longitudinal
databases in Scandinavia. Rheum Dis Clin North Am. 2004;30:851-867.
34. The cartilage standard evaluation form/knee and cartilage repair
assessment. Newsletter ICRS. 1998;Spring:5-8.

8

Granan et al

The American Journal of Sports Medicine

APPENDIX

