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Background: To assess whether preoperative radiological severity of osteoarthritis (OA) is related to the
level of improvement in patients’ health state measured 1 year after total knee arthroplasty (TKA).
Methods: Radiographic severity of OA was graded using the Kellgren-Lawrence (KL) classification. Two
independent observers were blinded to patients’ outcome scores. Health-related quality of life was
measured using EQ-5D-3L preoperatively and at 12-month follow-up. The 5 dimensions of the EQ-5D
were converted into a health state index score. The association between KL grade and improvement
in health state score was analyzed using multiple linear regression.
Results: Among 156 consecutive patients (68% females, mean age 69 years) who underwent primary
TKA, 3 knees (2%) were classified as KL grade 2, 115 as KL grade 3 (74%), and 38 as KL grade 4 (24%).
Follow-up rate was 77%. There was substantial intra-rater and inter-rater agreement (Cohen’s kappa ¼
0.80 and 0.79). Most patients (64%) had clinically significant improvement in their health state score 1
year after TKA. However, after adjusting for relevant covariates, patients with severe OA (KL grade 4)
were found to have significantly more improvement in their health state score than patients with mild or
moderate OA (KL grade 2 or 3, respectively). Separate analysis of the 5 EQ-5D dimensions showed that
the KL group differences were most evident in the “usual activities” and “pain/discomfort” dimensions.
Conclusion: Patients with severe OA have significantly more improvement in their usual activities and
pain/discomfort 1 year after TKA than patients with less severe OA.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Table 1
Kellgren and Lawrence Classification.

Grade Description

0 No joint space narrowing or reactive changes
1 Doubtful joint space narrowing and possible osteophytic lipping
2 Definite osteophytes and possible joint space narrowing
3 Moderate osteophytes, definite joint space narrowing, sclerosis, and

possible bony deformity
4 Large osteophytes, marked joint space narrowing, severe sclerosis, and

definite bone end deformity
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Total knee arthroplasty (TKA) is generally considered a highly
effective and successful procedure for relieving pain, restoring knee
function, and improving health-related quality of life (HRQoL) in
patients with knee osteoarthritis (OA) [1]. Despite the overall
effectiveness of TKA, a subset of patients experience unsatisfactory
results with respect to pain, function, and restoration of quality of
life [2]. Lindberg et al [3] showed that 1 in 5 patients reported only
temporary improvement in pain during walking in the first 3
months following TKA, followed by a distinct increase in pain,
returning to preoperative levels 12 months after surgery. Several
potential predictors of poor outcomes have been investigated [4],
but the results so far are inconclusive and the reasons are likely to
include both physical and psychosocial factors. Preoperative iden-
tification of patients at increased risk would be very helpful. Grade
of radiographic OA may be a prognostic marker to determine the
optimal timing of surgery. A consensus statement issued in 2015 [5]
concluded that medial unicompartmental arthroplasty (UKA)
should only be performed in cases showing severe OA with bone-
on-bone contact on preoperative radiographs. No such recom-
mendation exists for TKA. Niinimaki et al [6] and Pandit et al [7]
examined pain and revision rates after UKA and found that patients
with less than bone-on-bone contact radiographically were more
likely to experience persistent pain and go on to subsequent con-
version to TKA. It is unclear, however, whether a similar relation-
ship applies to dissatisfaction after TKA. Polkowski et al [8] noted
that among patients assessed for pain following TKA with accept-
able postoperative radiographs, 50% had only mild or moderate
preoperative radiographic disease before their TKA procedure. We
identified several studies showing an association between less se-
vere OA and poorer long-term results for pain and function after a
TKA [8e13], but they had several weaknesses. Most of these studies
used either a cross-sectional [10] or retrospective design [8,12,13].
Moreover, the radiographic classification was usually performed by
only 1 rater [8,10,11] or did not report the number of raters [12], and
most studies did not report intra-rater reliability [8,12,13]. Thus, to
fill this gap of knowledge, there is need for a prospective study,
using rigorous methods for classification of radiographic disease
progression.

In this prospective study, we aimed to (1) describe the preop-
erative radiographic severity of knee OA in patients undergoing
TKA and (2) evaluate the association between the degrees of pre-
operative radiographic OA and improvement in patient health
states 1 year after TKA.

Methods

This longitudinal study is part of a prospective cohort study on
pain, functioning, and quality of life in patients undergoing primary
TKA. The original study was conducted between October 2012 and
August 2013 and included 203 patients [14].

Patients and Procedures

At a hospital in Oslo, Norway, we recruited consecutive patients
who were undergoing primary TKA due to OA, aged 18 years or
older, able to read and understand Norwegian, mentally and
physically capable of completing questionnaires, and had stan-
dardized radiographs of the knee taken within 6 months before
surgery.

We collected baseline data prospectively and included radio-
graphic assessment of OA severity, sociodemographic factors, knee
functioning, pain intensity, prior trauma or surgery (meniscus and
ligament surgery) to the knee, and health states. Clinical variables
at baseline, including comorbidities, American Society of Anes-
thesiologists (ASA) classification score, and type of implant, were
extracted from the medical records through chart review. We
assessed knee functioning, pain intensity, and health states again
12 months after surgery.

Radiographs and Grading of OA

Before surgery, all patients underwent routine weight-bearing,
anteroposterior (AP) radiographs of the knee. All radiographs
were taken with a standardized knee protocol at the same radi-
ology lab. One experienced musculoskeletal radiologist and 1 or-
thopedic surgeon, who were blinded to the clinical data,
independently evaluated the radiographs with regard to OA
severity. This was conducted using the Kellgren-Lawrence (KL)
classification based on the original description [15] (Table 1). If the
2 reviewers graded cases differently, a third experienced reviewer
made the final decision on KL grade. Neither of the reviewers took
part in the treatment or follow-up of the patients. At least 1 week
apart from the first reading, the images were examined againwhile
the reviewers were blinded to their previous ratings. The 2 re-
viewers compared their second reading and combined their scores
to be used for further statistical analyses. We calculated inter-rater
reliability between the 2 raters and intra-rater reliability between
the 2 readings from 1 rater.

Measurements

HRQoL was measured preoperatively and at 12-month follow-
up with the generic questionnaire EQ-5D-3L [16], which consists
of 2 parts. The first part assesses health in 5 dimensions (mobility,
self-care, usual activities, pain/discomfort, anxiety/depression),
each of which has 3 levels of response (no problems, some prob-
lems, extreme problems/unable to do). From these 5 dimensions,
we calculated a health state index score using the European visual
analog scaleebased value set [17]. The health state index score is
represented on a scale from�0.59 to 1, where lower scores indicate
reduced quality of life. The minimal clinically important difference
(MCID) for the health state index score is 0.074 (95% confidence
interval, �0.011 to 0.140) [18]. The second part of the questionnaire
measures the patients’ self-rated health based on a visual analog
scale score ranging from 0 (worst imaginable health) to 100 (best
imaginable health). The EQ-5D-3L has been shown to be simple to
use, valid, responsive to change, and reliable for group
comparisons.

Clinical rating and functional assessment of the knee were done
using the American Knee Society Score (KSS) [19]. Clinical rating
comprises pain, stability, and range of motion (ROM), with de-
ductions for flexion contractures, extension lag, and malalignment.
Awell-aligned knee with no pain, 125� of motion, and negligible AP
or mediolateral instability obtains the maximum score of 100. Fifty
points are allotted for pain, 25 for stability, and 25 for ROM.
Walking distance and stair climbing are the main parameters in the
function score and a maximum score of 100 is assigned to in-
dividuals who can walk unlimited distances and can climb upstairs



Table 2
Patient Characteristics (N ¼ 156).

Characteristic Statistics

Female, n (%) 106 (68%)
Age, mean (SD) [range] 69 (9) [45 to 90]
BMI, mean (SD) [range] 29.2 (4.6) [21.0 to 43.0]
ASA classification, n (%)
1 17 (11%)
2 116 (74%)
3 23 (15%)

Comorbidities, mean (SD) [range] 1.2 (1.0) [0 to 5]
Prior ipsilateral knee surgery, n (%) 59 (38%)
Prior arthroplasty (hip or contralateral knee), n

(%)a
45 (30%)

KL grade, mean (SD) [range] 3.2 (0.5) [2 to 4]
2 3 (2%)
3 115 (74%)
4 38 (24%)
KSS total score, mean (SD) [range]b 108 (30) [32 to 179]
KL grade 2 135 (38) [112 to 179]
KL grade 3 111 (29) [32 to 176]
KL grade 4 96 (27) [47 to 170]

KSS knee score, mean (SD) [range] 46 (15) [12 to 84]
KL grade 2 58 (24) [37 to 84]
KL grade 3 46 (15) [12 to 77]
KL grade 4 43 (15) [20 to 84]

KSS function score, mean (SD) [range] 62 (19) [20 to 100]
KL grade 2 77 (17) [62 to 95]
KL grade 3 65 (19) [20 to 100]
KL grade 4 53 (15) [27 to 86]

KSS ROM and stability score, mean (SD)
[range]

36 (8) [17 to 50]

KL grade 2 41 (9) [32 to 49]
KL grade 3 37 (8) [17 to 50]
KL grade 4 35 (8) [22 to 50]

KSS pain score, mean (SD) [range] 11 (11) [0 to 40]
KL grade 2 17 (16) [5 to 35]
KL grade 3 11 (10) [0 to 40]
KL grade 4 11 (12) [0 to 40]

Health state index score, mean (SD) [range]
Preoperative 0.59 (0.17) [0.15 to 1.00]
1-y Postoperativec 0.75 (0.18) [0.27 to 1.00]
Change from preoperative to postoperativec 0.16 (0.19) [�0.39 to þ0.73]

Self-rated health, mean (SD) [range]
Preoperative 60.9 (19.7) [19 to 100]
1-y Postoperative 74.7 (16.0) [025 to 100]
Change from preoperative to postoperative þ13.8 (18.8) [�39 to þ80]
Improved at least 10 points, n (%) 95 (61%)

IADL score, mean (SD) [range]d

Preoperative 7.4 (0.9) [3 to 8]
1-y Postoperative 7.6 (0.7) [5 to 8]
Change from preoperative to postoperative 0.2 (0.8) [�2.3 to þ3.7]
Improved at least 1 point, n (%) 32 (23%)
Declined at least 1 point, n (%) 10 (7%)

SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthe-
siologists; KL, Kellgren-Lawrence; KSS, Knee Society Score; ROM, range of motion;
IADL, Lawton Instrumental Activities of Daily Living scale.

a N ¼ 148 because 8 patients had missing data regarding prior arthroplasty.
b N ¼ 148 because 8 patients were missing KSS.
c For health state index score, n ¼ 156 at 1 y and for change scores.
d For IADL, n ¼ 148 preoperative, n ¼ 143 at 1 y, and n ¼ 139 for change scores.
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and downstairs normally. Deductions are made for use of a walking
aid.

Pain and interferencewith functioningweremeasured using the
Brief Pain Inventory (BPI) [20]. The BPI consists of 4 items that
evaluate pain intensity rated on a numeric rating scale from 0 (no
pain) to 10 (pain as bad as you can imagine); 7 items that evaluate
pain interference with 7 domains of life (ie, general activity, mood,
walking ability, normal work, relations to other people, sleep, and
enjoyment of life) rated from 0 (no interference) to 10 (interferes
completely); 1 item on pain relief; and a body map that evaluates
pain locations. The validity and reliability of the Norwegian version
of the BPI are well established [20].
Independence with activities of daily living (ADL) was measured
using the Lawton Instrumental Activities of Daily Living (IADL) [21]
scale. The instrument assesses 8 independent living skills (ie, using
the phone, shopping, food preparation, housekeeping, laundering,
mode of transportation, responsibility for own medication, and fi-
nances). The respondents rate their highest level of functioning for
each skill. The total score ranges from 0 to 8, with higher scores
indicating more independence.

Statistical Analyses

All analyses were conducted using SPSS software, version 24
(IBM Corp, Armonk, NY). We used descriptive statistics to describe
patient characteristics and OA severity. Means and standard de-
viations were reported for continuous data, and numbers and
percentages to describe categorical data. Change in patient-
reported outcomes from before surgery to 1 year (11-13 months)
postoperatively was assessed using paired sample t-tests. Intra-
rater and inter-rater reliability were determined using kappa sta-
tistics for categorical data [22]. The kappa coefficient indicates the
level of agreement beyond chance and ranges from 0 (indicating no
agreement) to 1 (perfect agreement). A kappa of 0-0.2 is considered
poor, 0.21-0.4 fair, 0.41-0.6 moderate, 0.61-0.8 substantial, and
0.81-1 almost perfect [23]. Crude associations between KL grade
and change in patient-reported outcomes were assessed using
Pearson correlation coefficients, and adjusted associations were
evaluated using multivariable regression analysis, controlling for
relevant covariates, including patient age, sex, number of comor-
bidities, bodymass index, prior ipsilateral knee surgery, prior hip or
contralateral knee arthroplasty, and preoperative rating of worst
pain. P values <.05 were considered statistically significant. Stan-
dardized beta coefficients are reported for all factors in the model.

In addition to evaluating clinical predictors of change in the
multidimensional health state index score following TKA, clinical
predictors of change in patients’ rating of their self-rated health and
IADL scores were also evaluated.

Ethical Perspectives

The Regional Medical Research Ethics Committee of Health
Southeast of Norway #2011/1755 approved the protocol for this
study. Informedwritten consent was obtained from all participants.
Only the research group had access to the data. All data were
depersonalized before the statistical analysis.

Results

A total of 245 consecutive patients were invited to participate in
the study, of which 33 declined to participate and 6 patients
cancelled their surgery. A total of 206 consenting patients were
enrolled in the study. Two patients were later excluded due to
postoperative disorientation, 1 patient died, and 47 had incomplete
data on several of the variables of interest, leaving a total of 156
(77%) who had sufficiently complete data to be included in analysis
of the relationship between OA grade and clinical outcome. Patient
characteristics are summarized in Table 2. No statistically signifi-
cant differences in the preoperative characteristics (ie, age, sex, and
health state) were found between patients whowere lost to follow-
up and thosewhowere not. Most patients had no prior surgeries on
the ipsilateral knee (62%). However, 32% had meniscus surgery, 2%
had ligament surgery, 2% had medial high tibial osteotomy, and 2%
had fracture fixation. A total of 45 patients (30%) had a prior hip or
contralateral knee arthroplasty, of which only 11% also had prior
ipsilateral knee surgery. In contrast, almost half (48.5%) of the 103
patients who had no prior knee or hip arthroplasty had prior
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Fig. 1. Change in the health state index score by Kellgren-Lawrence (KL) grade. The red line represents the minimal clinically important difference (MCID) for the health state index
score. N ¼ 148. OA, osteoarthritis.

Table 3
Predictors of Change in the Health State Index Score From Before to 12 Months After
TKA (N ¼ 148).

Independent Variables Beta P Value

Age �0.080 .35
Female gender (reference is male) 0.115 .16
Number of comorbidities 0.116 .15
Body mass index 0.109 .21
Prior ipsilateral knee surgery �0.078 .38
Prior arthroplasty (hip or contralateral knee) 0.194 .028
Preoperative worst pain rating 0.107 .20
KL grade ¼ 4 (reference is KL < 4) 0.163 .040

TKA, total knee arthroplasty; KL, Kellgren-Lawrence.
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ipsilateral knee surgery, indicating these procedures were inversely
associated (P < .001).

Intra-rater and inter-rater agreement of KL grades were both
substantial, with kappa values of 0.80 and 0.79, respectively. The 2
reviewers disagreed on 10 cases (6%). In most cases, this difference
was between KL grades 3 and 4 (9 cases). In total, most of the pa-
tients (74%) were classified as KL grade 3, with a significant mi-
nority (24%) classified as KL grade 4 and 3 patients (2%) classified as
KL grade 2. Patients with KL grade 2 were all arthroscopically
evaluated before TKA and found to have more extensive OA than
seen on the radiographs. The 3 KL grades did not differ in terms of
age, sex, body mass index, ASA classification, or number of
comorbidities. However, as shown in Table 2, the KL grades did
differ with respect to their preoperative KSS total scores (P ¼ .008),
mostly due to differences in their KSS function score (P ¼ .002),
with lower KL grades having better KSS. KSS knee scores, ROM, and
stability scores and pain scores did not differ by KL grade.

Changes in HRQoL and ADL Dependence Over the 12 Months
following Surgery

For the total sample, health state index score improved
following TKA, with mean score increasing from 0.59 at the pre-
operative assessment to 0.75 one year after surgery (P < .001;
Table 2). The average improvement in scores was 0.16, which ex-
ceeds the MCID of 0.074 for the health state index score. At the
individual level, 64% of patients demonstrated an improvement
that exceeded the MCID in the health state index scores, while the
remaining 36% did not experience meaningful improvement. The
EQ-5D dimensions showing the most significant improvements
were “usual activities,” “pain/discomfort,” and “mobility” (all P <
.001), with each of these dimensions showing an average of 16%-
22% improvement in scores. There was a similar improvement in
patients’ self-rated health, with overall self-rated health increasing
an average of 13.8 points from before surgery to 12 months after
surgery (P< .001). At the individual level, 61% of patients rated their
health at least 10 points higher (on a 0-100 scale) at 12months than
before surgery.

The improvement in overall IADL scores was more modest, but
significant 1 year after surgery (P¼ .001). The largest improvements
occurred in the areas of shopping and housekeeping: 67% of the 48
patients who reported some level of preoperative dependence with
shopping and 59% of the 51 patients who reported preoperative
dependence with housekeeping reported improved independence
in these areas 12 months postoperatively.
Clinical Predictors of Improvement in Quality of Life Indicators

Higher preoperative KL grade was associated with greater
improvement in the health state index score, as measured by
change in the score from before to 1 year after TKA (r ¼ 0.172, P ¼
.033). As shown in Figure 1, the 3 patients with KL grade 2 had no
clinically meaningful improvement in the health state index score
(change ¼ 0.04), while patients with either KL grade 3 or 4 showed
improvement that was clinically meaningful (change in the health
state index score of 0.15 and 0.22, respectively). Although patients
with KL grade 4 had greater improvement than those with KL grade
3, this difference did not reach clinical or statistical significance in
unadjusted analyses (mean difference ¼ 0.067; P ¼ .067). However,
after adjustment for the relevant covariates of age, sex, comorbid-
ities, body mass index, prior ipsilateral knee surgery, prior hip or
contralateral knee arthroplasty, and preoperative pain level, pa-
tients with a KL grade of 4 were found to have significantly higher
health state index score improvement 1 year after surgery than
patients with KL grades of 2 or 3 (Table 3). Additional analyses
indicated that KL grade was specifically associated with improve-
ments in the EQ-5D dimensions of “Usual activities” and “Pain/
discomfort,” and not with the dimensions of “mobility,” “self care,”
or “anxiety/depression” (Table 4).

Sensitivity analyses excluding the 3 patients with KL grade 2
were also conducted to determine the impact of these patients on
the results. The association between KL grade and change in the
health state index score attenuated only slightly (<4% change in
beta), indicating that these 3 patients alone did not account for the
observed association between higher KL grade and greater
improvement in the health state index score 1 year after surgery.
Similarly, the associations between KL grade and changes in the



Table 4
Regression Analyses Evaluating KL Grade as a Predictor of Improvement on Each of
the 5 Different Dimensions of EQ-5Da.

Dependent Variables: Change in the
Following EQ-5D Dimensions

Beta for KL
Grade ¼ 4b

P Value

Mobility 0.067 .43
Self-care �0.082 .32
Usual activities 0.181 .032
Pain/discomfort 0.236 .004
Anxiety/depression �0.123 .14

KL, Kellgren-Lawrence.
a Each regression model included the same predictors as shown in Table 3.
b Reference is KL grade <4.
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dimensions of “usual activities” and “pain/discomfort” remained
significant (P ¼ .028 and .006, respectively) when the 3 patients
with KL grade 2 were excluded.

Given the association between KL grade and change in the
“pain/discomfort” dimension of the EQ-5D, additional analyses
were conducted to determine whether KL grade was associated
with improvement in standard pain measures. However, KL grade
was not associated with change in ratings of worst, average, or
current pain.

Unlike KL grades, KSS was unrelated to quality of life improve-
ments, as measured by change in the health state index score from
before to 12 months after TKA. Also, neither the KL grade nor KSS
was associated with changes in the patients’ self-rated health or
their independence in ADL (data not shown).

Discussion

This prospective study, using rigorous state-of-the-art methods,
has shown that patients with radiographic evidence of severe OA
(ie, KL grade 4) have more substantial improvements in their health
state index score following TKA, compared to patients with mild to
moderate OA (KL grades 2 and 3). Despite the widespread and
increasing use of TKA to reduce pain and improve both function and
HRQoL, many patients fail to report improvement in HRQoL after
surgery. While the reasons may be attributed to a variety of causes,
our findings add to the body of knowledge on risk factors for
nonimprovement after TKA. While both patient groups with severe
and moderate OA obtained clinically meaningful improvement in
their health state index score 1 year after TKA, the improvement
was less substantial for patients with moderate OA. Patients with
mild OA changes did not obtain any clinically meaningful
improvement, but this result must be interpreted with caution
because only 3 patients had knees classified as KL grade 2. Low-
grade OA is a known risk factor for pain and dissatisfaction after
TKA. However, prospective studies reviewing the relationship be-
tween preoperative radiographic features and outcome after TKA
are limited. Pandit et al [7] described higher rates of postoperative
pain and dissatisfaction requiring conversion to TKA in patients
when UKA was performed in the absence of bone-on-bone OA (KL
grade <4), whereas Tilbury et al [24] and Vina et al [25] did not find
any statistically significant differences between the outcomes in
patients with different grades of radiographic severity. In contrast,
Valdes et al [10] and Dowsey et al [26] found significantly better
improvement in physical functioning and patient satisfaction in
patients with severe OA, and Keurentjes et al [11] showed that
patients with less preoperative radiographic OA undergoing TKA
were more likely to experience more pain after surgery. Dowsey
et al [26] showed similar results. Comparisons with the literature
are, however, hampered by the large diversity in study designs,
analyses, and patient-reported outcome measurements (PROMs)
being used. Several of the aforementioned studies have compared
patients with KL grades 0-2 or 1-2 with 3-4. One may question
whether KL grade 0 and 1 should be characterized as OA at all and
whether surgery is the right option for these patients. According to
Osteoarthritis Research Society International (OARSI) recommen-
dations [27], the first-line treatment for patients with knee OA
should be individualized and consist of education, land-based ex-
ercise, and weight reduction when relevant, combined with
nonsteroid anti-inflammatory drugs. As these interventions
represent a noninvasive option for patients with low-grade radio-
graphic OA, they should be recommended to patients before
considering surgery. Kellgren et al described in 1957 their classifi-
cation system to grade the severity of OA [15], and the literature
suggests a cutoff at KL grade 2 for the diagnosis of OA [28,29]. No
radiographs were classified as grade 0 or 1 in our cohort.

Overall, our results are in accordance with several studies
concluding that more severe radiographic OA preoperatively is
associated with better outcomes. A recent study by Hoorntje et al
[30] investigated the relationship between KL grade and a number
of PROMs. In this study, patients with KL grades 3 and 4 as
compared to KL grades 1 and 2 had significantly better scores in
some but not all of the PROM subscores. The authors suggest that
the reasons for these contradictory findings may be due to the use
of a variety of PROMs and the use of generic PROMs not specific to
OA. The main clinical outcome measure in our study was the EQ-
5D-3L, which is a generic HRQoL instrument, and not a disease-
specific outcome measure. However, EQ-5D is one of the most
widely used instruments for measuring HRQoL, is tested in various
population groups, including patients having total joint arthro-
plasty, and is therefore comparable across surgical groups. How-
ever, it has shown ceiling effects in population surveys and patient
populations [31], thus limiting its usefulness as an outcome mea-
sure in total joint arthroplasty [32]. The newer version of the EQ-
5D, the 5L version, shows improved responsiveness compared to
the 3L system, and also good validity and reliability [33,34]. Wewill
implement the newer version of the EQ-5D in future research.

We found a significant association between KL grade and change
in the “pain/discomfort” dimension of the EQ-5D, which is a generic
outcome measure. This association, however, was not present
whenwe used a different pain measure (BPI). This discrepancy may
be due to different levels of responsiveness for the 2 instruments.
Intuitively, one would consider a generic instrument to be less
responsive than a pain-specific instrument, but responsiveness
may not be predetermined [35]. Instead, responsiveness seems to
be a relative property of outcome instruments and depends on the
condition and treatment under study. Furthermore, the pain ter-
minology differs between the 2 instruments. While the BPI assesses
the severity of pain, the EQ-5D also includes discomfort. Thus, it is
possible that the 2 instruments assess slightly different concepts.
Focus group interviews with OA patients revealed that patients
with OA use several descriptors of pain, including ache, tenderness,
and discomfort [36]. Thus, the pain/discomfort dimension of the
EQ-5D might be more sensitive to subtle changes than the BPI.

Our study had a number of limitations. First, only 77% of the
patients in the original sample had sufficiently complete data to be
included in the multivariate analysis, although no significant dif-
ferences were found between those who were included and those
whowere not in terms of age, sex, and health state. An attrition rate
of 23% may introduce selection bias, loss of statistical power, and
lower validity of the study; however, there are no generally
accepted standards for follow-up rates in cohort studies. The fact
that attrition in the present study appeared to occur at random
reduces the significance of this potential bias. Second, we only
included KL grading applied to the AP knee radiographs. We did
this because KL classification was originally described using AP
knee radiographs [15]. Information from plain radiographs is used
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to determine the presence of OA and to assess disease severity, and
thus, plain radiographs play an important role when treatment
options are selected. The position of the knee in the radiographs is
important. Semi-flexed knees can give a different KL grading than
straight legs. Rosenberg et al [37] suggest that using the Rosenberg
view (45� AP flexion weight-bearing radiograph) results in higher
inter-rater reliability and better correlation to arthroscopic evi-
dence of OA than does using the AP radiograph. The authors argue
that this may be because the Rosenberg radiograph provides better
visualization of the femoral condyles in midflexion, a common site
of articular surface degeneration. It remains unclear whether the
current results might have differed if we had instead evaluated
semi-flexed knee radiographs. Third, measures of postoperative
stability and malalignment were not included in this study, and
therefore, the impact of such factors on the study findings is un-
known. Fourth, we used Lawton’s IADL scale to measure the func-
tional status of nondisabled patients, and clinical outcome scores
may exhibit a ceiling effect when used in populations that are
healthier and more active than the population the scoring system
was intended to evaluate [38]. In our study, 85% of the patients
were classified as having an ASA score of 1 or 2 and 60% of the
patients had themaximum IADL score preoperatively and therefore
had no possibility for improvement. In retrospect, using a different
scoring system or implementing strategies known to reduce the
ceiling effect might have yielded a more useful measure.

It has been mentioned in some studies that KL score should not
be the preferred tool for assessing OA severity [9,39], as some
studies question the classification’s inter-rater and intra-rater
reliability [29,40] and the use of differing descriptions of the
grading system [29] makes it difficult to compare findings between
studies. A study comparing 3 different X-ray scoring methods of
knee OA concluded that joint space width evaluation on semi-
flexed views might be the preferred method to evaluate the
severity of knee OA [39]. They found higher inter-rater reliability
for joint space width evaluation in comparison with KL and OARSI
atlas (kappa 0.86 vs 0.56 and 0.48 for KL and OARSI, respectively).
As there is no gold standard for diagnosing OA severity, we used the
KL classification because it has been commonly used as a research
tool in studies of OA.

This study has several strengths. The prospective design and
relatively large sample size are major benefits. Two independent
raters with extensive experience, whowere blinded to patient data,
rated the radiographs, which increases the reliability of the ratings.
We also evaluated the intra-rater and inter-rater agreement of the
KL grading and the gradings demonstrated substantial intra-rater
and inter-rater agreement. Our findings indicate that KL grading
is a reliable tool for assessing the radiographic severity of OA.

In conclusion, we have shown that there is a relationship be-
tween the severity of OA evident on preoperative X-rays and im-
provements in patients’ health state index score after primary TKA.
The patients in this study with severe radiographic OA had signif-
icantly more improvement in some dimensions of the HRQoL
questionnaire EQ-5D after surgery than those with mild or mod-
erate OA. This finding has important clinical implications for pa-
tient selection and optimal timing of TKA. Furthermore,
radiographic grading of X-rays using KL classification might be a
useful preoperative tool to help choose patients who would derive
the most benefit of a TKA.
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