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Abstract

Background: The Norwegian Knee Ligament Register was founded in 2004 to provide representative and reliable
data on cruciate ligament surgery. The aim of this study was to evaluate the validity of key variables in the Norwegian
Knee Ligament Register to reveal and prevent systematic errors or incompleteness, which can lead to biased reports
and study conclusions.

Method: We included a stratified cluster sample of 83 patients that had undergone both primary and revision ante-
rior cruciate ligament surgery. A total of 166 medical records were reviewed and compared with their corresponding
data in the database of the Norwegian Knee Ligament Register. We assessed the validity of a selection of key variables
using medical records as a reference standard to compute the positive predictive values of the register data for the
variables.

Results: The positive predictive values for the variables of primary and revision surgery ranged from 92 to 100% and
from 39 to 100% with a mean positive predictive value of 99% and 88% respectively. Data on intraoperative find-
ings and surgical details had high positive predictive values, ranging from 91 to 100% for both primary and revision
surgery. The positive predictive value for the variable "date of injury”was 92% for primary surgeries but only 39% for
revision surgeries. The positive predictive value for “activity at the time of injury” was 99% for primary surgeries and
52% for revisions.

Conclusion: Overall, the data quality of the key variables examined in the Norwegian Knee Ligament Register was
high, making the register a valid source for research.
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Background

The most common serious knee injury in the young pop-

ulation is a tear to the anterior cruciate ligament (ACL).

Young females are particularly at risk, with the highest

incidence found for young female soccer players [1]. In a
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50-70% of patients with ACL injuries undergo recon-
structive surgery [3]. The general purpose of reconstruc-
tive surgery is to restore joint stability and enable patients
to return to their pre-injury activity. The quality of the
reported literature on patients’ return-to-sport rate is
debated [4], but the rate was found to be 82% in a recent
meta-analysis and systematic review [5].

Over the past few years, the number of medical reg-
istries has increased, giving clinicians and researchers
access to large clinical databases. Registries can be used
to improve results through feedback to hospitals and sur-
geons, and can identify prognostic factors and inferior
procedures and devices [6]. The Norwegian Knee Liga-
ment Register (NKLR) was founded in 2004 as the world’s
first cruciate ligament register [3]. It collects information
on primary cruciate ligament reconstructions and sub-
sequent surgery to the index knee in public and private
hospitals in Norway. The purpose of the NKLR is to pro-
vide representative and reliable data for epidemiological
and observational studies and thus improve treatment
options and complement available literature to provide
high-quality evidence-based care for patients with cruci-
ate ligament injuries.

When defining data quality in medical registries, the
two most cited quality attributes are completeness and
accuracy [7]. Several quality control procedures have
been proposed in order to preserve these attributes [7—
9]. Of great importance are prevention of insufficient
data quality through clear data definitions, standard
guidelines for data collection, and adequate training and
motivation of personnel. In addition, detection of inad-
equate data quality through systematic monitoring and
validation of the data can identify and correct system-
atic reporting and recording errors. This is often done by
comparing the register database with data from another
independent data source, e.g. national patient registers
[10] or medical records [11]. Previous studies to assess
the completeness of the NKLR have found registration
rates of between 84 and 97% [3, 10, 12]. The accuracy
of data in the NKLR has, however, not yet been investi-
gated. Therefore, the objective of the present study was
to validate the data quality of key variables in the NKLR,
by comparing register data with the patients’ medical
records as reference.

Methods

The Norwegian Knee Ligament Register

The Norwegian Knee Ligament Register is run by the
Norwegian National Advisory Unit on Arthroplasty and
Hip Fractures. All primary reconstructions of cruciate
ligaments and subsequent surgeries are to be reported to
the NKLR. Since 2017 it has been mandatory to report
data to the NKLR, but reporting requires informed
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patient consent. If the patient has signed an informed
consent form for research, the surgeon postoperatively
records information on a standard one-page paper form
that is sent by post to the NKLR for registration [3]. Digi-
tal registration via a secure online form has expanded
since 2016, and will be implemented at all Norwegian
hospitals performing cruciate ligament reconstructions
[13].

The data collected for this study have previously been
described [3], and include patient-specific data in addi-
tion to intraoperative findings and surgical techniques.
In addition, during the study period, patients were asked
to report on a paper form subjective knee function based
on the Knee injury and Osteoarthritis Outcome Score
(KOOS) preoperatively and at 2, 5, and 10 years follow-
up [3, 14].

Study population and design

The NKLR was used to identify patients that had under-
gone both primary and revision anterior cruciate liga-
ment reconstructions between 2004 and 2013, and
935 patients were found to be eligible for inclusion.
We assumed that the error frequency was similar in all
reporting hospitals. We therefore included a cluster of
patients that had had both primary and revision surgery
at the same or a nearby hospital in regions easily acces-
sible for data collection. Of the eligible patients, 250 were
considered for inclusion. They had surgery in eight dif-
ferent hospitals, both public and private, in two of Nor-
way’s four health regions. An informed consent form for
participation was sent by post, and the completed form
could be returned either in an enclosed envelope or by
e-mail. A reminder was sent to patients that did not
respond within six months. All patients received a per-
sonal study ID labeling the consent in order to ensure
confidentiality. All patients who returned an informed
consent form were included in the study.

Data collection

Each participant was given a study ID, and the key to
the patient’s personal ID number was kept on a secure
research server and available on a single paper form for
the study personnel when they retrieved the data from
the medical records. Medical record data retrieval for
hospitals in the Western Health Region (Stavanger Uni-
versity Hospital, Haraldsplass Diaconal Hospital, Hauke-
land University Hospital and Haugesund Hospital) was
accessed electronically, whereas two hospitals (Oslo
University Hospital and Martina Hansen’s Hospital) had
to be visited to retrieve data. In order to ensure that the
review protocol was followed, two of the authors that
were not involved in the surgical treatment/rehabilitation
of the patients (EM and MTA) systematically reviewed
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the medical records and the data were coupled with the
data retrieved from the register in a standard form. Any
uncertainty about data definitions in the medical record
was discussed with the senior author (AP). Data on the
following variables were retrieved for analysis: hospital
of primary and revision surgery, date of injury, activ-
ity at the time of injury, index knee, date of primary and
revision surgery, femoral and tibial fixation implants,
graft choice, meniscal lesions (medial, lateral and both
menisci), cartilage lesions (International Cartilage Repair
Society (ICRS) grade 1-4), reported ligament injuries at
the time of surgery (anterior cruciate ligament (ACL),
posterior cruciate ligament (PCL), medial collateral liga-
ment (MCL), lateral collateral ligament (LCL) and poste-
rolateral corner (PLC) injuries), and cause of revision for
revision surgeries. The investigated variables were chosen
either because of their importance as outcome predictors
reported in previous studies (graft choice, graft fixation,
reported cartilage lesion) [15—17] or at random to ensure
a representative sample of the dataset (activity at the time
of injury, date variables, cause of revision, index knee,
other ligament or meniscal lesions).

Data definition

Variables not registered in the NKLR database or found
in the medical records were defined as missing data in
those sources. In cases where variables could be left
unregistered and were not entered in the register form,
we defined it as the surgeon intentionally omitting them.
For the variable “cause of revision’, it was possible for the
surgeon to record one or more causes. Cases where the
medical records stated two causes of revision, and the
NKLR had only registered one of these, or vice versa,
were labelled “partly identical” and were not included in
the calculation for that variable. For the variable “method
of fixation’, cases were labelled “partly identical” and were
not included in the calculation for the variable when the
patients had undergone both ACL and PCL surgery and
the fixation method was registered correctly for only one
of the two. The variable “time of injury” was reported to
the register by the surgeon as the month of injury, but in
the medical records often as the date of injury. Thus, we
classified the data as correct if the date of injury found
in the medical record was in the month reported by the
surgeon to the NKLR.

Statistics

To validate the data quality of the variables in the NKLR,
we used medical records as the reference standard. We
computed positive predictive values (PPVs) with 95%
confidence interval (CI) according to the Agresti-Coull
method [18]. The PPV for each variable was defined as
the number of patients with identical values in the NKLR
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and in the medical record, divided by the total number of
patients with the given variable in the NKLR. PPV was
computed for the variables for both primary and revision
reconstructions.

Results

Eighty-nine patients agreed to participate in the study.
One private hospital was excluded due to lack of response
to our repeated enquiries for access to the patients’ medi-
cal records, thus five patients were excluded. One public
hospital was also excluded for the same reason, excluding
one patient. Consequently, data from 83 patients were
included in the final analysis, giving a total of 166 NKLR
forms with corresponding data in the medical records to
be reviewed and validated (Fig. 1). The PPVs for the vari-
ables of primary and revision surgery ranged from 92 to
100% and 39 to 100% with a mean PPV of 99% and 88%
respectively (Additional files 1 and 2). Variables often
used in research from the NKLR (meniscal lesions, other
ligament injuries, graft choice with graft fixation) had a
high PPV (96-100%, Additional file 1). The reported date
of injury had the lowest PPV for details reported at pri-
mary surgery with a PPV of 92%. Some variables showed
a difference in the PPVs for primary and revision surgery
(Fig. 2). The PPVs for the variables “date of injury” and
“activity at the time of injury” were 92% and 99% for pri-
mary surgeries but only 39% and 52% for revision sur-
geries respectively. For those two variables, the surgeon
had reported the same values at revision surgery as were
reported in the corresponding primary surgery, lead-
ing to 74% (34/46) and 92% (36/39) of the errors respec-
tively. We found that in 25 out of 72 cases where data on
“cartilage lesions” were recorded in the patient’s medical
record, the corresponding data were not registered in the
NKLR. The non-registered cartilage lesions consisted
mainly of ICRS grade 1 or 2 lesions (23 out of 25), and
occurred more often in the setting of revision surgery (15
out of 25) than in primary surgeries.

Discussion

The most important finding in this study is that the accu-
racy of key variables in the NKLR was high, especially
for primary reconstructions. Until 2020, data from the
NKLR have been used in 71 publications in international
journals [13]. Feedback to the surgeons and hospitals is
presented in annual reports and at the annual confer-
ence of the Norwegian Arthroscopy Association. Find-
ings from studies based on data from the NKLR have
caused changes in clinical practice [13, 16, 19], and this
study confirms that the underlying data leading to these
changes are accurate. However, we did find some recur-
ring errors of registration, where the most frequent
errors had occurred in connection with revision surgery.
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Patients included

'i'i'i'il

Patients excluded

Patients with primary cruciate ligament
reconstruction only

N=15177

Excluded from the cluster sample?
n =685

No consent given or failure to respond
n =161

Difficulty in gaining access to medical records®
N=6

Fig. 1 Flowchart of included patients. * Based on health regions, number of possible patients from each hospital, accessibility to medical records,
limited time and resources. ® Due to lack of response from two hospitals. Abbreviation: NKLR, Norwegian Knee Ligament Register

A) Primary reconstructions

Cartilage lesion

Meniscal lesion

Diagnosis of ACL lesion
Other ligament lesions

OP date

Index knee

Graft choice

Method of fixation in femur

Method of fixation in tibia

Activity at the time of injury

Date of injury

0% 20% 40% 60% 80% 100%

operation

B) Revision reconstructions

Cartilage lesion
Meniscal lesion
Diagnosis of ACL lesion
Other ligament lesions
OP date

Graft choice

Method of fixation in femur
Method of fixation in tibia
Cause of revision

Activity at the time of injury
Date of injury

0% 20% 40% 60% 80% 100%

Fig. 2 Positive predictive values for investigated variables in primary and revision reconstructions. A Positive predictive values for variables in
primary reconstructions. B Positive predictive values for variables in revision reconstructions. Abbreviations: ACL, anterior cruciate ligament; OP,

For most of the investigated variables there were no dif-
ferences in registration accuracy between primary and
revision surgery. The majority of the errors for the vari-
ables “activity at the time of injury” and “date of injury”
were linked to forms completed after revision surgery.
The surgeon often recorded identical information on
“activity at the time of injury” and “date of injury” to
what had been previously recorded for the primary

reconstruction. The reason for this could be that the
patient did not have any new major trauma leading up to
the revision surgery, and that the surgeon therefore used
information from the initial injury. A clear data defini-
tion guideline and automatic control of data entry in the
digital data forms could potentially have decreased these
errors. Due to the low accuracy for the variables “date
of injury” (PPV 39%) and “activity at the time of injury”
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(PPV 52%) for revision surgeries, we recommend that the
variables are not included in future research studies. We
also recommend that “date of injury” (PPV 92%) in pri-
mary reconstructions is interpreted with caution, espe-
cially in analysis where this variable is thought to be of
clinical importance.

Registration of cartilage lesions showed a high PPV of
100% and 91% for primary and revision surgery respec-
tively. However, superficial cartilage lesions (ICRS grade
1) were found to be underreported to the NKLR com-
pared with the patients’ medical records. In line with our
findings, a similar study from the Danish Knee Ligament
Reconstruction Register also found missing data on car-
tilage lesions due to imprecise registration [20]. Possible
reasons for the missing data could be that superficial
cartilage lesions are common and might not be consid-
ered an important finding, or that the lesions would
be regarded as a “normal finding” given the age of the
patient. We recommend emphasizing to surgeons the
importance of registration of all cartilage lesions, as the
incidence of superficial cartilage lesions might be higher
than previously reported [21]. Several studies from the
NKLR have included cartilage lesions in their analysis
[22-24], although most of the studies only include deep
cartilage lesions (ICRS grade 3 and 4), which in our study
proved to have good validity.

Although the “diagnosis of ACL lesion” variable showed
a PPV of 100% for both primary and revision surgery,
we found that ACL injury was not always recorded on
the form following revision surgery. This may have been
because there is no guideline for this variable in the form,
or simply that the injury was to the ACL graft, and not to
the native ACL. Adding a simple guideline to this variable
in the form could help prevent these errors in the future.

The “cause of revision” variable showed a satisfactory
PPV of 94%. Nevertheless, we discovered that in 16%
of the cases the value of the variable was missing in the
NKLR. Failure of ACL reconstruction is often multifac-
torial [25, 26] and the direct cause can often be difficult
to determine [27]. In the literature, the categorization
of causes of revision is heterogeneous [25, 27-31]. With
that in mind, a likely explanation for some of the “miss-
ing cases” might be that the surgeon was uncertain of
the cause of revision and as a result refrained from fill-
ing in this variable altogether. The surgeon can manually
report “other cause” of revision in addition to the already
printed causes on the paper form. In 4% of the revisions,
tunnel misplacement was manually reported as either the
only cause of revision or in combination with another
cause. Technical errors, especially tunnel misplacement,
have previously been reported to be a significant cause of
revision [32—35], and tunnel misplacement should there-
fore be added as an option to the list of causes.
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Overall, this study demonstrates high validity of the
data in the NKLR. We believe that important reasons for
the high data quality are the thorough routines and highly
qualified personnel of the Norwegian National Advisory
Unit on Arthroplasty and Hip Fractures, with their con-
siderable experience of managing national medical regis-
tries. The findings in our study suggest that the NKLR’s
instructions to surgeons and data collection protocol are
adequate. Routines are in place at the different hospitals
to enable surgeons to fill in the form immediately after
surgery without any inconvenience, in order to reduce
the risk of recall bias. The time required to fill out the
form seems to be acceptable, thus giving the register high
compliance. The great majority of surgeons have filled
out the forms [3, 10, 12], even though this was voluntary
during the study period [13]. This suggests that the sur-
geons are genuinely interested in and motivated to con-
tribute to the research and development of this field of
orthopaedic surgery. The annual reports from the NKLR
and the yearly update from the NKLR at the annual con-
ferences of the Norwegian Orthopaedic Association and
the Norwegian Arthroscopic Association are probably
important in contributing to this motivation.

The NKLR is currently in the process of introducing a
digital registration form that makes it possible to guide
and give immediate feedback to surgeons filling in the
form. This will further improve data quality as it allows
for easily accessible descriptions of variable definitions,
especially some of those found to have a low PPV in this
study. Further, digital registration may eliminate missing
data since data entry of key variables can be set as man-
datory and it is possible to embed immediate automatic
control of variables that have a logical association, for
instance that the time of surgery comes after the time of
injury.

The main strength of this study is its design, where five
of the eight clinics included in the cluster were among
the large-volume hospitals performing cruciate ligament
reconstructions in Norway. Hospitals from the two most
populated of Norway’s four administrative health regions
were included, which are likely to be representative of
the whole nation as the study includes both public and
private hospitals. We have no reason to believe that sys-
tematic errors due to imprecise guidelines would vary
between hospitals or regions. Furthermore, the study has
a broad approach because it includes data from both pri-
mary and revision surgeries, which predominate in the
NKLR database. The medical records were thoroughly
evaluated by two reviewers, thus ensuring reference data
quality. In addition, data were recorded in a predefined
form, providing a low risk of information bias.

One weakness of using medical records as a refer-
ence standard is that the quality of the records depends
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on the particular surgeon, and thus information on
some variables may be missing or incorrect. If the sur-
geon does not complete the record directly after sur-
gery, there is also a risk of recall bias for intraoperative
details.

Inclusion in the study depended on written consent
forms from the patients. Unfortunately, only 89 of the
250 eligible patients (35.6%) returned the consent form.
Even though we believe that data from 166 unique sur-
geries are sufficient to find any systematic errors, other
errors might have been discovered if more surgeries had
been included.

Conclusion

In conclusion, our study showed that the NKLR data-
base has high validity, which, when combined with the
high registration rate, makes the NKLR a valid resource
for future research. However, there is room for improve-
ment, in particular for revision surgery. We wish to
emphasize the importance of regular monitoring and
validation of the NKLR in the future, to further maintain
and improve the quality of the register.
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