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Abstract

Background Cultural and ethnic differences are present
both in subjective and objective measures of patient health,
but scoring systems do not always reflect these differences,
and so validation of outcomes tools in different cultural
settings is important. Recently, a revised version of The
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Knee Society Score™ (KSS 2011) was developed, but to
our knowledge, the degree that this tool evaluates clinical
symptoms, physical activities, and radiographic grades in
the general Japanese population is not known.
Questions/purposes We therefore asked: (1) how KSS
2011 reflects knee conditions and function in the general
Japanese population, in particular evaluating changes with
increasing patient age; (2) can objective measures of
physical function be correlated with KSS 2011; and (3)
does radiographic osteoarthritis (OA) grade correlate with
KSS 20117

Methods Two hundred twenty-six people in the general
Japanese population, aged 35 to 92 years, with and
without knee arthritis, voluntarily participated in this
cross-sectional study. Residents who had no serious dis-
ease or symptoms based on a self-assessment were
recruited. This study consisted of a questionnaire
including self-administered KSS 2011, physical exami-
nation, and weightbearing radiographs of the knee. Leg
muscle strength, Timed Up and Go test, and body mass
index (BMI) were examined in all the participants.
Radiographs were graded according to the Kellgren and
Lawrence scale (KL grade).

Results Multivariable linear regression analysis showed that
KSS 2011 correlated with age (coefficient: —0.30 £ 0.12,
p = 0.011), BMI (coefficient: —1.47 £ 0.42, p < 0.001), leg
muscle strength (coefficient: 041 £+ 0.13, p = 0.002), and
Timed Up and Go Test (coefficient: —1.96 £ 0.92,
p = 0.034), but not sex, as independent variables by a stepwise
method. KSS 2011 was also correlated with radiographic OA
evaluated by KL grade (coefficient: —12.2 + 2.9, p < 0.001).
Conclusions KSS 2011 reflects symptoms, physical
activities, and radiographic OA grades of the knee in
an age-dependent manner in the general Japanese
population.
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Level of Evidence Level 1V, diagnostic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

TKA is used widely to relieve pain and improve functional
status in patients with symptomatic knee osteoarthritis
(OA) [24]. The number of TKAs performed annually has
increased in the United States [27] and in other countries
[10, 12]. Patient satisfaction is now recognized as an
important measure of healthcare quality [4, 13, 17].
However, despite substantial advances in patient selection,
surgical technique, and implant design in primary TKA, a
study has indicated that 11% to 18% of the patients are still
unsatisfied with the operation [5]. In other words, TKA
does not perfectly achieve its goal of relieving pain and
restoring function in a substantial proportion of patients.
One reason is that some patients expect full recovery of the
motion of the knee and the ability to participate actively in
recreational and physical activities after receiving TKA
[18]. To evaluate the reasons why a certain fraction of
patients who undergo TKA are dissatisfied, a proper eval-
uation of patients undergoing TKA is needed. It is also
required that the evaluation method be closely related to
physical function and, possibly, radiological grade of the
patient.

The Knee Society Knee Scoring System™ developed in
1989 (KSS 1989) is one of the most often used methods to
evaluate patients undergoing TKA [8]. This scoring system
has several advantages in terms of its reliability and use, and it
has been adopted worldwide [2, 11]. However, increasing
importance is being placed on the subjective aspects of eval-
uation, which have changed from those of prior generations,
and were not captured by the KSS 1989. Therefore, in 2011,
the new Knee Society Knee Scoring System™ (KSS 2011)
was refined to better characterize the expectations, satisfac-
tion, and physical activities of more diverse populations of
patients who undergo TKA [25]. This new scoring system is
based on new scales and validation work [19], and its reli-
ability has been evaluated by our research group and by others
[14, 26] with satisfactory results. However, what is an
appropriate score in this scoring system in a certain age group
remains to be unveiled.

In this study, we asked the following questions: (1) how
KSS 2011 reflects knee conditions and function in the
general Japanese population, in particular evaluating
changes with increasing patient age; (2) can objective
measures of physical function be correlated with KSS
2011; and (3) does radiographic OA grade correlate with
KSS 20117

Patients and Methods

We conducted a cross-sectional study of the association
between KSS 2011 and clinical symptoms and physical
activities in a general Japanese population. Subjects were
participants in the Nagahama Prospective Genome Cohort
for Comprehensive Human Bioscience (the Nagahama
Study) [16]. The Nagahama Study participants were
recruited from apparently healthy community residents
aged older than 30 years living in Nagahama City, a lar-
gely rural city of approximately 124,000 inhabitants in
Shiga Prefecture located in the center of Japan. The study
has been continuously advertised in the city for residents
with no serious disease or symptom based on a self-
assessment, and a total of 226 residents with and without
knee arthritis voluntarily participated in 2012. We did not
specifically exclude patients with knee symptoms or prior
knee surgery.

We translated the KSS 2011 questionnaire into Japa-
nese. We used the self-administered questionnaire areas of
the KSS 2011 questionnaire, including “symptoms,”
“patient satisfaction,” and “functional activities.” The
questions on “expectations” were excluded because the
participants did not plan to undergo TKA. The area
“functional activities” comprises four components:
“walking and standing,” “standard activities,” “advanced
activities,” and “discretionary activities.” The full score of
these questions is a maximum of 165 points. We supposed
that participants did not have applicable answer choices for
some of the questionnaire because the participants may
have an impairment involving a body part other than the
knee. Thus, in the area of “functional activities,” we added
a new answer: “I cannot do this because of a problem not
related to the knee.” Participants who chose this answer
were excluded from the analyses. A total of 4% (nine of
224) answered this to the question about “walking and
standing,” 2.2% (five of 224) for “standard activities,”
1.3% (three of 224) for “advanced activities,” and 2.7%

Table 1. Baseline characteristics of the participants

Demographic Mean + SD
Number of participants 212

Female (ratio) 123 (58%)
Age (years) 60.3 £ 12.2
Height (cm) 161.4 £ 9.1
Weight (kg) 594 £+ 11.8
BMI (kg/m?) 2277 £33
Leg strength (kg) 26.7 =+ 10.3
Up and Go time (seconds) 62+ 1.6

BMI = body mass index; Up and Go = Timed Up and Go Test.
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Table 2. Demographic data of subgroups (mean £ SD)

Demographic 30s 40s 50s 60s 70s 80s
Number of participants 17 24 47 73 42 9

Female number (ratio) 12 (70%) 15 (62%) 29 (61%) 48 (65%) 18 (43%) 1 (11%)
Height (cm) 163.4 £ 104 163.6 = 9.9 165.0 £+ 8.7 159.3 £ 8.3 159.1 £+ 8.8 158.6 £ 7.1
Weight (kg) 60.0 £ 13.3 612 £ 133 634 £ 14.0 56.5 £ 10.7 59.0 £ 8.7 56.1 £ 9.1
BMI (kg/m?) 22.1 £3.6 227+ 35 23.0 £ 3.7 22.1 £33 232 +£23 222 £ 4.1
Leg strength (kg) 264 £ 124 28.5+9.38 29.7 £ 12.6 254 + 8.4 26.7 £ 9.6 19.1 £ 6.0
Up and Go time (seconds) 55+ 1.0 54 4+0.9 5.7 +£0.7 6.2+ 1.3 68+ 1.5 9.0 + 4.1
Participants with XP (number) 49 32 6
Radiographic knee OA (number) 19 13 4

BMI = body mass index; Up and Go = Timed Up and Go test; OA = osteoarthritis; XP = Xray photography.

(six of 224) for “discretionary activities.” In total, 5.4%
(12 of 224) participants were excluded for this reason. The
female ratio, average age, and body mass index (BMI) of
the 212 participants were 58% (123 of 212), 60.3 £
12.2 years, and 22.7 + 3.3 kg/m?, respectively (Table 1).

Anthropometry measurements included height and
weight, which were used to calculate BMI as weight in kg/
height in m”. Quadriceps strength was measured twice on
both sides during a 3-second isometric contraction of the
knee extensors with a handheld dynamometer (pu-Tas F-1;
Anima Co, Chofu, Japan). With the participant in a seated
position, the hip and the knee were positioned at 90°
angles, and the force sensor was placed 10 cm above the
lateral malleolus. The average bilateral maximum muscle
strength was used to represent maximum muscle strength.
Participants also performed the Timed Up and Go Test
[23], which measures the time it takes a participant to stand
up from a chair, walk a distance of 3 m, turn, walk back to
the chair, and sit down as quickly as possible.

We evaluated weightbearing AP radiographs of both
knees, which were performed by experienced radiology
technicians. Eighty-eight of the 124 participants who were
older than 60 years agreed to the examination. Radiographs
of the knee were graded according to the scale described by
Kellgren and Lawrence (KL grade) [9]. Two experienced
orthopaedists (NT, HI), who were blinded with regard to
participant status, read the radiographs in consultation.
Knee OA was defined as a KL Grade 2 or higher in either
knee. Radiographic knee OA was present in 41% (36 of 87)
of the participants who completed the radiographic exam-
ination (Table 2). We used the average score of both knees
as the variable for analysis.

Simple linear regression analysis was used to identify
correlations between the KSS 2011 and age. We divided
participants into six subgroups according to age. Because
only one participant was older than 90 years, we included
this participant in the 80s age group. In the analysis, rela-
tionships between the KSS 2011 and physical functions and
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Fig. 1 Correlation of KSS 2011 and age is shown. Linear regression
analysis showed a significant correlation between KSS 2011 and age.

those between the KSS 2011 and other factors were
examined. After excluding weight and height, a stepwise
method was applied for multivariable linear regression
analysis. The relationship between the KSS 2011 and KL
grade was evaluated by simple linear regression analysis
separately because of the limited number of participants
older than 60 years with radiographic data. All data were
analyzed using the statistical package R (http://www.
r-project.org/).

Results

We found that increased age was correlated with decreas-
ing scores on KSS 2011 (Fig. 1). Because age is an
essential factor when deciding a therapeutic strategy, we
divided the whole group into six subgroups according to
their age. The total scores of the subgroups are 163.5 £ 3.7
in 30s, 1583 £ 17.1 in 40s, 152.3 + 184 in 50s,
148.0 £23.8 in 60s, 152.6 £16.1 in 70s, and
127.0 & 25.8 in 80s (Table 3). The satisfaction component
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Table 3. Details of each component in KSS 2011 in subgroups (mean + SD)

Factor 30s 40s 50s 60s 70s 80s
Symptoms 247+ 0.8 242 +23 225+ 4.1 22.1+43 233 +32 19.6 + 4.8
Patient satisfaction 395+ 1.5 379 £ 1.5 348 £ 7.0 344 £ 7.8 355+ 79 31.8 £ 5.6
Walking and standing 30.0 £ 0.0 284 £ 52 29.1 £33 273 £55 275 £ 6.2 22.0 £ 6.9
Standard activities 29.8 £ 0.7 294+ 19 284 +34 279 £ 3.8 28.8 £ 2.1 2377+ 6.5
Advanced activities 247 £ 1.0 240 +£ 34 236 2.8 227 £ 4.2 234+ 2.6 188 £ 5.5
Discretionary activities 14.8 £ 0.7 145 £ 1.5 139 £ 19 135 £ 25 142 £20 11.2 £ 3.0
Sum of KSS 2011 163.5 + 3.7 158.3 £ 17.1 1523 + 184 148.0 £+ 23.8 152.6 £+ 16.1 127.0 + 25.8

KSS 2011 = 2011 The Knee Society Score®.

Table 4. Correlation analysis of KSS 2011 and other factors (simple
and multivariable linear regression analysis) (mean £ SD)

Factor Simple Multivariable

Coefficient p value  Coefficient p value
Age —0.45 £ 0.11 <0.0017 —0.30 & 0.12 0.011*
Sex 0.74 £ 2.87  0.796 Excluded by a stepwise

method

Height 0.19 £ 0.16 0.218
Weight —0.12 £ 0.12  0.309
BMI —122 4043 0005 —1.47 £042 <0.001"
Leg strength 042 £ 0.14  0.003* 0.41 £ 0.13 0.002*
Upand Go —3.42 + 0.87 <0.001" —1.96 + 0.92 0.034*

* Significant risk ratio (p < 0.05); 1Lsigniﬁcantﬂrisk ratio (p < 0.001);
KSS 2011 = 2011 The Knee Society Score™; BMI = body mass
index; Up and Go = Timed Up and Go Test.
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Fig. 2 Correlation between the KSS 2011 and the KL grade is
shown. Linear regression analysis showed a significant correlation
between KSS 2011 and KL grade.

declined steadily from ages 30s to 50s and was stable from
ages 50s to 70s. The scores of people in their 80s were
lower than those in the younger age groups for all
components.

We found that several measures of physical function and
anthropometrics correlated with the score on KSS 2011.
Multivariable linear regression analysis showed that KSS
2011 correlated with age (coefficient: —0.30 £ 0.12,
p = 0.011), BMI (coefficient: —1.47 &+ 0.42, p < 0.001),
leg muscle strength (coefficient: 0.41 £ 0.13, p = 0.002),
and the Timed Up and Go Test (coefficient: —1.96 + 0.92,
p = 0.034), but not sex, as independent variables by a
stepwise method (Table 4).

The presence of radiographic arthritis was associated
with lower KSS 2011 scores. We found a moderate cor-
relation between the KSS 2011 score and KL grade
(Fig. 2). The regression line using the KSS score as an
outcome variable (y) and KL grade as a predictor variable
(x) was y = —9.8x + 158.9 (coefficient: —9.8 £ 2.5,
p < 0.001, R = —0.39).

Discussion

KSS 2011 was designed primarily to evaluate the results of
TKA. However, knee function and physical activities vary
among patients and are influenced by age and sex, so what
should be expected as a desirable score in KSS 2011 after
TKA remains unclear. To have a clearer idea about this,
some population-derived normative data are important, and
it is important that these normative data be determined
from relevant national, cultural, and ethnic populations.
We found in this study from the general Japanese popu-
lation, including patients with and without arthritis of the
knee, that (1) as age increased, KSS 2011 decreased; (2)
objective measures of physical function correlated well
with KSS 2011; and (3) the presence of radiographic
arthritis was moderately correlated with lower KSS 2011.

This study has several limitations. First, sampling bias
certainly exists in many ways in this study. Community
residents voluntarily participated in this study and moti-
vated residents would be inclined to participate. Also,
residents with a concern or symptoms in their knees may
tend to participate. Furthermore, the protocol stipulated
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that the radiographic examination was limited to partici-
pants older than 60 years, and only two-thirds of these
participants agreed to receive this examination. Partici-
pants with a higher grade of radiographic OA may have
agreed with radiographic examination. Therefore, some
sampling bias likely influenced the results. Second, any
physical function-related comorbidity may affect the
results. Based on this speculation, excluded were patients
who had disability unrelated to the knee that could influ-
ence patients’ scores on KSS 2011; a small percentage
(5.4% [12 of 224]) of participants were excluded because
they had such disability. Conversely, this also demonstrates
that the questionnaire can be answered by most patients
without influence from other kinds of disabilities. Third,
the component related to “patient expectation” was
unavailable in this study because the participants had no
plans to receive surgery. However, it is important to point
out that patients’ expectations about surgery affect their
satisfaction with TKA [17], and the results of this study
may differ from those in patients who undergo TKA.
Fourth, because there is a clear ceiling effect in the KSS
2011, parametric techniques should be cautiously used in
statistical analyses. We tested the correlations with a
nonparametric analysis and obtained similar results, indi-
cating simple and multiple regression analyses with a
general linear model are usable. Also, regression lines by
Torbit model are similar to those in the general linear
model, supporting the results obtained in this study. Even
so, the results obtained here should be handled with the
greatest caution. Finally, we used a Japanese version of the
questionnaire, but the translated version has not been val-
idated by the cultural adaptation method. Even minor
changes in question content can influence patients’ esti-
mation of knee pain and disability [21]. A validation study
of the translated version is underway.

As expected, KSS 2011 declined with age, which is
consistent with other reports [3]. In a previous study, knee
function declined gradually with age, and the rate of
decrease accelerated in people older than 85 years [18].
Our results are consistent with these previous findings.
Collectively, older patients, especially in their 80s, can set
much lower goals after TKA compared with younger
patients.

It is noteworthy that the KSS 2011 scores correlated
with BMI, leg muscle strength, and the Timed Up and Go
Test in both the simple and multivariable liner regression
analyses (Table 4). These correlations raise several issues.
First, greater BMI is associated with knee pain and prev-
alence of radiographic OA [1, 29] and substantially limits
physical activities. This study confirmed that the KSS 2011
score reflects the effects of BMI. Second, a previous study
found that lower knee extension strength was associated
with knee pain [22, 29]. The strong associations of KSS
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2011 with leg muscle strength and the Timed Up and Go
Test along with other reports [7, 22] collectively suggest
that increased strength can improve the KSS 2011 as well
as symptoms and satisfaction. Finally, the simple test of
quadriceps strength and the Timed Up and Go Test were
well tolerated; these tests are representative tests of knee
functions as well as symptoms and satisfaction [29]. These
relationships are worth investigating further.

In the current study, 41% (36 of 87) of participants had
radiographic knee OA; this percentage agrees with previ-
ous reports on the prevalence of OA in the general
population [6, 20, 28]. This implies that the participants in
this study can be regarded as representative of the general
population. The present study showed that KSS 2011
declines with increasing KL grade, which suggests that the
severity of radiographic knee OA correlates with knee
symptoms and functions and patient satisfaction. However,
previous studies showed that the degree of radiographic
OA does not correlate strongly with knee pain [15, 20, 29],
and symptoms have been more emphasized in therapeutic
strategies for OA [24]. Those and this study collectively
indicate that KSS 2011 is more suitable than a radiological
evaluation when deciding therapeutic strategies.

In summary, this is the first study to our knowledge to
apply the KSS 2011 in the general (Japanese) population.
The present study has three key findings: (1) In the general
population, the KSS 2011 score declined with age. (2) The
KSS 2011 score correlated independently not only with
age, but also with BMI, the Timed Up and Go Test, and leg
muscle strength but not with sex. (3) The KSS 2011 score
correlated significantly with KL grade in people older than
60 years. Because TKA is one of the most prevalent
operations worldwide, KSS 2011 should be tested in cor-
relation with many aspects of symptoms and functions in a
variety of ethnicity, nationality, belonged society, and
lifestyle to set an appropriate goal for a patient who
undergoes TKA.
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