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Background: Total knee arthroplasty (TKA) is 1 of the top 2 most common and expensive surgical pro-
cedures among Medicare beneficiaries. Due to the procedure’s high annual cost, overdiagnosis and
subsequent overutilization of TKA has substantial health-policy implications. Concerns regarding the
overexaggeration of radiographic findings and overutilization of TKA have been expressed by medical
insurers. Currently, the standard of care for assessing potential knee arthroplasty candidates includes
assigning a Kellgren-Lawrence (KL) radiographic score. Our study investigated the accuracy of reported
preoperative KL scores in patients undergoing TKA.
Material and methods: Records of 277 patients who had underwent TKA at our institution for knee
osteoarthritis were randomly selected from a large patient data registry and retrospectively reviewed.
Two blinded raters assigned KL scores to the radiographs obtained during the preoperative assessment,
which were compared to the scores reported by the operative surgeon. An intraclass correlation coef-
ficient (ICC) was calculated to determine inter-rater reliability.
Results: Between blinded raters, ICC3k ¼ 0.88 (95% confidence interval: 0.86-0.90, P < .001), demon-
strating good reliability. Between all raters, ICC2k ¼ 0.89 (95% confidence interval: 0.86-0.90, P < .001),
also demonstrating good agreement. Raters fully agreed on the KL classification for 196 patients (70.76%).
Compared with blinded raters, the operative surgeon assigned lower KL scores.
Conclusion: Reporting of KL score is consistent between operative surgeons and independent reviewers.
In cases of disagreement between reviewers, the operative surgeon was generally more conservative in
their estimation of the extent of osteoarthritis present radiographically. Concerns regarding inflation of
radiographic findings to support surgical preauthorization are unwarranted.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).
Introduction

Total knee arthroplasty (TKA) has been shown to be a beneficial
treatment for moderate to severe knee osteoarthritis (OA) when
compared with conservative treatment strategies and medical
management of arthritis-related pain [1-3]. OA affects over 250
million individuals worldwide, of which 83% report knee OA [4]. To
date, TKA is 1 of the 2 most common and expensive surgical pro-
cedures amongMedicare beneficiaries with an estimated aggregate
edical Center, One Medical
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cost of $9.2 billion in 2007 [5]. OA accounted for $353 billion in
health-care expenditure in 2005 alone, and TKA case volume is
projected to increase to 3.48 million cases annually by 2030. The
overdiagnosis and subsequent overutilization of TKA has significant
health-policy ramifications [5,6]. A 2014 study by Riddle et al.
estimated that as many as 34% of TKA procedures were inappro-
priate, most commonly due to inappropriate radiographic evidence
of disease [7]. Following these findings, insurers have speculated
that surgeons performing arthroplasty may overestimate the
severity of OA during preoperative assessment to facilitate insur-
ance preauthorization.

Currently, the most widely used classification scheme for
radiographic evidence of knee OA is the Kellgren-Lawrence (KL)
classification. Radiographs evaluated using the KL classification are
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Table 1
Kellgren-Lawrence classifications.

Kellgren-Lawrence
classification

Description

Grade 0 No joint space narrowing or reactive changes
Grade 1 Doubtful joint space narrowing, possible osteophyte

presence
Grade 2 Osteophytes present, possible joint space narrowing
Grade 3 Moderate osteophytes, definite joint space narrowing,

sclerosis may be present, possible bone-end deformity
Grade 4 Large osteophytes present, marked joint space

narrowing, severe sclerosis, bone-end deformity present

Table 3
Number of cases by year.

Year Number of cases

2011 11 (4.0%)
2012 26 (9.4%)
2013 41 (14.8%)
2014 30 (10.8%)
2015 26 (9.4%)
2016 31 (11.2%)
2017 38 (13.7%)
2018 48 (17.3%)
2019 19 (6.9%)
2020 7 (2.5%)
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assigned a grade ranging from 0 to 4, with grade 0 demonstrating
no signs of OA, and grade 4 being severe OA. Descriptions of all
scoring are provided in Table 1 [8,9].

The decision to proceed with TKA is not based entirely upon
radiographic findings but relies upon shared decision-making be-
tween patient and surgeon. Shortly following the study by Riddle
et al., the American Academy of Orthopaedic Surgeons outlined
appropriate use criteria for the surgical management of OA of the
knee, which considers the clinical picture of the patient [7]. These
criteria look at function-limiting pain, range of motion in both
flexion and extension, functional instability, pattern of arthritic
involvement, radiographic severity of disease, limb alignment,
mechanical symptoms, and patient age [10]. For TKA to be deemed
appropriate, mild to moderate or severe joint space narrowing
must be present, thus demonstrating a KL classification of 2 to 4.
The appropriate use criteria were developed using the modified
RAND Delphi method, a system of determining appropriateness for
a myriad of surgical procedures over the last 30 years [11]. It is
important to note that the RAND method does not consider cost
and instead focuses on the best prognostic evidence of risks and
benefits of a procedure, along with the consensus of an expert
clinical group [12]. Due to the substantial cost associated with TKA,
it is imperative that surgeons are diligent in identifying when TKA
is warranted. We sought to assess if orthopedic surgeons per-
forming TKA are accurately assigning KL scores in patients with
knee OA during preoperative assessments.
Material and methods

This retrospective study was submitted to and approved by our
institutional review board and conducted in alignment with their
policies. Two hundred seventy-seven patients scheduled for a TKA,
between 2011 and 2020, with a diagnosis of knee OA, were
randomly selected from a large patient data repository at a tertiary
medical center in New England, representing 6.1% (n ¼ 4509) of all
Table 2
Patient cohort characteristics.

Total 277
Gendera, male (%) 132 (47.7)
Race, Hawaiian Native/Pacific Islander (%) 1 (0.4)
Race, White (%) 276 (99.6)
Age, mean (SD) 68.95 (10.27)
CCI, mean (SD) 2.52 (2.81)
CCI category (%)
0 95 (34.4)
1 25 (9.1)
2þ 156 (56.5)

CCI, Charlson Comorbidity Index; SD, standard deviation.
a Referent: female.
cases performed during the study window. Patient demographics
were recorded and included gender, race, age, and Charlson Co-
morbidity Index.

Two blinded independent raters assessed the radiographs of the
patient cohort to determine KL classification. Classification levels
include grade 2 (“Some osteophytes, some narrowing”), grade 3
(“Moderate osteophytes, significant narrowing”), or grade 4 (“Large
osteophytes, marked narrowing”) as described in Table 1. The KL
classifications were first compared between blinded raters for
agreement. Subsequent agreement levels were sought across both
blinded raters and the treating surgeons (n¼ 14). Finally, individual
rater bias was assessed to determine if the treating surgeon group
tended toward greater or lesser severity classifications. The treating
surgeon raters are all members of the arthroplasty clinic onsite. One
blinded rater is a fellowship-trained arthroplasty surgeon, while
the other is a medical student.
Analytic approach

To determine inter-rater reliability, intraclass correlation co-
efficients were populated, first for the 2 blinded raters (average of
all ratings for fixed raters: ICC3k [13]), followed by all 3 rater groups
(average of all ratings for random raters: ICC2k [13]). Both ICC values
were calculated in the R environment v.4.0.3 [14] utilizing the
“psych” package [15]. Subsequent individual rater bias was deter-
mined utilizing a coefficient of systematic rater bias [16] using the
“irr” package [17]. The direction and distance from 0.50 paired with
a significant c2 statistic can be interpreted as the direction and
severity of bias between 2 raters. Classification of agreement was
based upon the guidelines set forth by Koo and Li where ICC
<0.50 ¼ poor, 0.5-0.75 ¼ moderate, 0.75-0.9 ¼ good, and >0.90 ¼
excellent [18].
Results

Patient characteristics are presented in Table 2. Of the 277 cases
evaluated, 132 (47.7%) were male, and 276 (99.6%) were Caucasian.
The mean patient age was 68.95 ± 10.27 years. The mean Charlson
Comorbidity Index score was 2.52 ± 2.81. The patient cohort
included KL classification frequencies, as defined by the treating
surgeon, including grade 2 (n ¼ 46), grade 3 (n ¼ 105), and grade 4
(n ¼ 126). Cases by year are also presented in Table 3. The ICC3k for
the 2 blinded raters was 0.88 (95% CI: 0.86-0.90, P < .001)
demonstrating good reliability. The ICC2k for the 3 rater groups was
0.89 (95% CI: 0.86-0.90, P < .001), also demonstrating good reli-
ability. Raters fully agreed on the KL classification for 196 patients
(70.76%).

Sample radiographs where all raters were in agreement can be
seen in Figure 1.



Figure 1. Standing anteroposterior, posteroanterior Rosenberg, and sunrise view radiographs of a patient who underwent right total knee arthroplasty. The blinded raters and the
operative surgeon were in agreement on the level of osteoarthritis present. All raters assigned a Kellgren-Lawrence grade 4.
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Systematic bias was negligible between the 2 blinded raters (P¼
.60, c2 ¼ 2.08, P ¼ .15). A significant systematic bias was found
between the surgeon blinded rater and the treating surgeon group
(P ¼ .34, c2 ¼ 8.91, P ¼ .003) demonstrating that when disagree-
ment was discovered, the treating surgeon tended to classify the
level of OA as less severe than the blinded rater. A similar direction
and level of bias were discovered between the medical student
blinded rater and the treating surgeon group (P¼ .32, c2 ¼ 6.48, P¼
.01). Table 4 demonstrates the frequency and direction of dis-
agreements of blinded rates compared with all treating surgeons.
Sample radiographs of a patient where the blinded raters agreed
but the operative surgeon was in disagreement can be seen in
Figure 2.
Discussion

Our study sought to investigate whether orthopedic surgeons
accurately report KL classifications of patients scheduled to un-
dergo TKA during the preoperative assessment. Between blinded
evaluators, there was good agreement on KL classification of ra-
diographs as demonstrated by an ICC3k value of 0.88. That is to say,
the KL classification assigned to a given radiograph was consistent
between both reviewers. When comparing operative surgeons to
blinded evaluators, good agreement was demonstrated once more
with an ICC2k of 0.89. The ICC values observed in this study align
with, and even exceeded, ICC values reported in current literature
evaluating interrater reliability of KL classification of knee radio-
graphs [19]. These findings demonstrate that the radiographic
severity of OA present at patients’ preoperative assessments was
consistently evaluated to be the same by both the operative sur-
geon and retrospective evaluators. In instances where the KL score
differed between the preoperative assessment and blinded retro-
spective review, the operative surgeon tended to report less severe
OA, suggesting the decision to proceedwith TKAwas not skewed by
overestimation of disease severity present on imaging. These
findings show that payer claims of inflation of radiographic findings
to support surgical preauthorization for TKA at our institution may
be unwarranted.

While all images in this study were scored as KL classification
grade 2 or greater, the decision to proceed with joint arthroplasty is
not based on imaging alone. It has been well documented that
Table 4
Agreement and disagreement frequencies and direction as compared to treating
surgeons.

Evaluator Less severe Agreement More severe

Surgeon blinded rater 28 (10.1%) 196 (70.8%) 53 (19.1%)
Medical student blinded rater 15 (5.4%) 232 (83.8%) 30 (10.8%)
patients with radiographs demonstrating a KL grade 2 and below
have increased risk of poor outcomes following TKA [20-23]. One
could speculate that orthopedic surgeons with a focus on providing
value-based care and working toward the best possible outcomes
for their patients would have more conservative scoring of disease
state as opposed to overestimating the KL classification.

This study is limited by several factors. Notably, the ability to
generalize these findings is difficult given that the data used in the
analysis were from a single academic institution. This is partially
mitigated by the fact that the patients reviewed were initially
evaluated by several treating clinicians over the course of an 8-year
period. Furthermore, the fellowship-trained rater and medical
student demonstrated agreement, suggesting the broad utility of
this classification system.While the patient demographics included
in this study are representative of the population served by our
institution, the homogenous patient population does not allow for
evaluation of the impact of other demographic factors beyond sex
to be considered. Future work should expand the study to involve
multiple centers across a variety of geographic locations and en-
vironments and include a more diverse patient population to
improve the generalizability of findings.
Conclusion

While health-care cost reduction remains a leading topic across
all medical fields, the notion that orthopedic surgeons overestimate
the severity of OA in preoperative assessments of patients may be
overstated. Operative surgeons were consistently in agreement
with 2 blinded evaluators and, in the cases of differing KL classifi-
cation grades, were routinely found to underestimate the degree of
OA present. Radiographic evaluation is 1 of multiple factors sur-
geons should consider while providing care for knee OA.
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Figure 2. Standing anteroposterior, posteroanterior Rosenberg, and sunrise view radiographs of a patient who underwent right total knee arthroplasty. The blinded raters and the
operative surgeon disagreed on the Kellgren-Lawrence (KL) classification of osteoarthritis present. Both blinded raters assigned a KL grade 4, while the operative surgeon assigned
KL grade 3.
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