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Abstract

This study aimed to identify the parameters related to the area and adipose tissue content of thigh muscles that are associated
with radiographic knee osteoarthritis grade. Fifty patients (mean age + standard deviation, 73.0 +4.5 years) were divided into
early osteoarthritis (n=23) and established osteoarthritis (n=27) groups based on Kellgren—Lawrence classification. The
femorotibial angle was measured from anteroposterior radiographs of the lower limbs. Individual thigh muscle and adipose
tissue areas were analyzed using axial T1-weighted magnetic resonance imaging. After intergroup comparison, logistic
regression analysis was performed to determine independent parameters associated with established osteoarthritis. Moreover,
correlation coefficients were assessed between the left—right differences of osteoarthritis grade and parameters. Established
osteoarthritis exhibited a significantly greater femorotibial angle and increased adipose tissue content in the subcutaneous,
intermuscle, and intramuscle of the adductor, vastus lateralis, vastus intermedius, as well as a lower vastus medialis area, in
comparison to early osteoarthritis. A greater femorotibial angle, increased intermuscular adipose tissue, and a lower vastus
medialis area to knee extensor ratio were significantly independently associated with established osteoarthritis (odds ratio
3.2, 1.8, and 2.0, respectively). The left-right differences of femorotibial angle and vastus medialis area were significantly
correlated with osteoarthritis grade, whereas adipose tissue content had no significant correlations with osteoarthritis grade.
Greater femorotibial angle and lower vastus medialis area were related with higher osteoarthritis grade. Greater intermuscular
adipose tissue content was associated with established osteoarthritis; however, in the left-right differences, adipose tissue
content was not related with osteoarthritis grade.

Keywords Knee osteoarthritis - Magnetic resonance imaging - Thigh muscles - Adipose tissue - Vastus medialis - Left—
right differences

Introduction

In general, knee osteoarthritis (KOA) is characterized by
medial knee joint space narrowing, chronic knee pain, and
knee varus deformities, often impairing activities of daily
living (ADLSs) in affected patients. Muscle strengthening
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exercises are recommended by the Osteoarthritis Research
Society International (OARSI) Guidelines for the treat-
ment of KOA [1]. In particular, knee extensor function is
important for stabilizing the knee joint [2]. Winby et al.
[3] reported that the muscles around the knee contribute to
greater than 50% of knee stabilization during gait; in particu-
lar, the knee extensors contribute to more than 40% of knee
stabilization. Previous studies have shown an association
between knee extensor weakness and radiographic KOA and
knee pain [4, 5].

From a clinical point of view, the evaluation of knee
extensor strength is difficult in patients with KOA because
the performance of knee extension tasks is associated with
considerable knee pain. Blazevich et al. [6] proposed mus-
cle volume measurement as an alternative gold standard
for estimating knee extensor strength. Moreover, simpler
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methods of muscle volume estimation based on cross-sec-
tional area (CSA) or muscle thickness have been reported
and are widely used as indices of muscle strength. However,
recent studies have shown that knee extensor CSA is not
associated with KOA and/or knee pain [7—11]. Studies from
other authors have shown that thigh subcutaneous adipose
tissue (SAT), adipose tissue between muscles [intermuscular
adipose tissue (inter-MAT)], and adipose tissue within mus-
cles [intramuscular adipose tissue (intra-MAT)] but not knee
extensor CSA are associated with KOA and/or knee pain
[7,9, 10, 12]. On the other hand, some authors have dem-
onstrated that vastus medialis (VM) CSA loss is associated
with increasing knee pain and KOA progression [13, 14].
Pan et al. [15] reported that greater vastus lateralis (VL)/
VM CSA ratios were associated with better cartilage health
in patients with KOA.

Therefore, the evaluation of individual thigh muscles and
adipose tissue may be more important than the measure-
ment of knee extensor CSA for detecting KOA-related thigh
morphology. However, in a comparison between patients,
the determination of whether individual thigh muscle CSA
and adipose tissue content is more strongly associated with
radiographic KOA grade and knee pain remains unclear.
Moreover, whether these parameters associated with radio-
graphic KOA grade and knee pain in a comparison between
patients with KOA will be the same when analyzing the left
and right sides of the same patient also remains unclear.
This cross-sectional study sought to identify thigh muscle
CSA and adipose tissue content associated with established
radiographic KOA in a comparison between patients with
KOA. Our secondary objective was to investigate thigh mus-
cle CSA and adipose tissue content as it relates to knee pain
in patients with KOA and to determine the left-right differ-
ences in parameters related to KOA grade and knee pain in
the same patient.

Patients and methods
Patients

Fifty patients aged 60-80 years were included in this study
who complained of knee pain in one and/or both knees, were
able to walk without using any knee braces and walking
aids, and were diagnosed with medial KOA using anter-
oposterior radiographs of both knees while standing on
both legs with knees extended. A patient who had trauma
and/or surgery on his/her lower limbs as past history was
excluded. KOA grade was classified by the first author using
the Kellgren—Lawrence classification (greater grades indi-
cating worse disease). The classification was performed
two times separately by the first author to evaluate intrao-
bserver reproducibility. When the two classification results

@ Springer

were inconsistent, the first classified grade was used. In the
intergroup comparison between patients with KOA, the knee
with the worse KOA grade was selected; the more painful
knee was selected in cases with bilateral KOA with identi-
cal grades. Patients with radiographic KOA grade 1 were
defined as early KOA (n=23) and those with KOA grade >2
were defined as established KOA (n=27). To analyze the
right and left sides in the same patient, we studied left—right
differences in 50 patients. Thirty-six patients had the same
KOA grade in both knees, and 14 patients had the left-right
difference with KOA grade > 1. This study was conducted
with the approval of the Institutional Review Board of Akita
Hospital (approval date, 6. Jan. 2015; number, 56824). Writ-
ten informed consent was obtained from all participants.

Assessment

Measurements of anatomical axis and self-reported knee
score

A weight-bearing anteroposterior radiograph of the entire
lower extremities was obtained that included both legs; the
radiograph was taken while the patient was in standing posi-
tion with the knees extended, and there was a 2-m distance
between knees and the X-ray bulb. The X-rays were acquired
by a radiologist from Akita Hospital. The anatomical axis of
the limb was measured from the radiograph as the femoroti-
bial angle (FTA) between the femur anatomical axis and the
tibia mechanical axis using Management Integrate Network
Diagnosis Solution (MIND Solution; LEOCLAN Co., Ltd.,
Osaka, Japan) by the first author. The femur anatomical axis
was measured from the distal half of the femur, and the tibia
mechanical axis was defined as a line connecting the center
of the knee and the ankle (Fig. 1) [16]. The measurement
of FTA in the right side of randomly selected 20 patients
was performed by the first author two times separately to
evaluate intraobserver reproducibility. The Japanese Knee
Osteoarthritis Measure (JKOM) score (100 full points) was
used to evaluate knee pain (32 full points), ADLs (60 full
points), and health perception (8 full points); higher JKOM
scores were worse [17].

Measurement of individual thigh muscle CSAs

A magnetic resonance imaging (MRI)-based measurement
method for individual thigh muscle CSAs was used (1.5-T,
Excel ART; Canon Corp., Tokyo, Japan). T1-weighted spin-
echo with 10-mm-thick axial images (TR/TE, 625/15 ms;
field of view, 250 mm; 512 X 512 matrix) were taken using
a body coil. Yamauchi et al. [18] reported that the single
CSA at the 10% distal region from the mid-thigh between
the distal end of the lesser trochanter and the proximal end of
the patella accurately reflected the individual muscle volume
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Fig. 1 Weight-bearing anteroposterior radiograph of the entire lower
extremities. Solid lines represent the femur anatomical axis in the dis-
tal one-half of the femur, and dotted lines represent the tibial mechan-
ical axis between the center of the knee and the ankle. Lateral angles
(femorotibial angle) are the anatomical axes of the limbs

in elderly people, even if they had KOA. Therefore, in the
present study, CSA at the 10% distal region was analyzed.
Individual thigh muscle CSAs were measured with man-
ual segmentation using Medical Image Processing, Analysis,
and Visualization software (MIPAYV, v 7.1.1; National Insti-
tutes of Health, Bethesda, MD, USA) (Fig. 2). To calculate
thigh muscle CSAs, those for rectus femoris (RF), VL, vas-
tus intermedius (VI), VM, biceps femoris short head (BFS),
biceps femoris long head (BFL), semitendinosus (ST), semi-
membranosus (SM), adductor (ADD), sartorius (SAR), and
gracilis (GRA) were summed. To calculate knee extensor
muscle, CSA, RF, VL, VI, and VM CSAs were summed.
To calculate knee flexor muscle, CSA, BFS, BFL, ST, and
SM CSAs were summed. The ratios of CSAs of the knee
extensor, knee flexor, and ADD muscles to those of the thigh
were calculated. The ratios of the individual knee extensor
CSAs to the knee extensor and individual knee flexor CSAs
to the knee flexor were calculated. The reproducibility of
individual thigh muscle CSA measurement was excellent,
as reported previously [18]. For the intraobserver reproduc-
ibility of the CSA measurement, the standard error of meas-
urement (SEM) for the individual thigh muscle CSAs meas-
urement was mean 3.7% and the SEM for the measurement

of the individual thigh muscle CSA to muscle group ratios
was mean 0.79%.

Measurements of SAT, thigh inter-MAT, and individual thigh
intra-MAT CSAs

Thigh circumference and myofascial CSA at the 10% distal
region were semi-automatically segmented using MIPAV
software (Fig. 1). Yoshiko et al. [19] reported that significant
differences in the intra-MAT composition between healthy
young individuals and elderly individuals were observed at
the distal region of the thigh. Therefore, CSA at the 10%
distal region was analyzed in the present study. SAT CSA
(cm?) was calculated as thigh circumference CSA—myo-
fascial CSA. Inter-MAT and intra-MAT areas (cm?) were
measured by a radiologist from Akita Hospital using MIPAV
software as follows [19, 20]: (1) The image heterogeneity at
the distal 10% region was corrected using a nonparametric
nonuniform intensity normalization (N3) algorithm. (2) In
the corrected image, four regions of interest of 5 mm X 5 mm
were set on muscle tissue and adipose tissue to define the
Otsu threshold value using histogram shape-based threshold-
ing techniques. Three times the mean values were used as
the Otsu threshold value; (3) the pixel with higher value than
Otsu threshold value was recognized as adipose tissue and
the adipose tissue area was calculated. The inter-MAT area
(cm?) was calculated as the adipose tissue within the myo-
fascial CSA, excluding individual muscles, vessels, nerve
tissue and bone area (Fig. 1, right upper quadrant). The intra-
MAT area (cm?) was calculated within individual muscles
(Fig. 1, right lower quadrant). To test the reproducibility of
MAT measurement, inter and intra-MAT of the right thighs
of randomly selected patients were analyzed twice by the
radiologist, with a 2-month interval between the two meas-
urement times.

Statistics

An a priori power analysis of Student’s 7 test between two
groups in the parameters of SAT and inter-MAT area,
and VM CSA revealed that a total sample size of 50 cor-
responded to a power =0.8, p value =0.05 and effect size
d=0.8 in allocation ratio= 1. The power analysis was per-
formed using G¥*Power 3.1. software (Heinrich-Heine-Uni-
versitit, Diisseldorf, Germany).

Intergroup comparisons of the parameters of patient
characteristics, JKOM scores, thigh muscle CSA, and
adipose tissue area were performed between early KOA
and established KOA using Student’s ¢ test if the data were
distributed normally. When the data were not distributed
normally, Mann—Whitney U tests were performed. When
Student’s ¢ test was performed, the data were expressed
as the means + standard deviation (SD), whereas data
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Fig.2 The dotted line represents the myofascial cross-sectional area
(CSA) and solid lines are individual thigh muscle CSAs (left image).
The white area within the myofascia is inter-MAT (muscle adipose

were expressed as medians (first quartile to third quar-
tile) for Mann—Whitney U tests. The data distribution was
tested by Shapiro—Wilk test. To examine sex differences
between two groups, Chi-squared test was performed. To
examine multicollinearity, correlation coefficients were
assessed among the parameters that showed significant
differences in the intergroup comparison for all observed
parameters except the JKOM score. The Pearson correla-
tion coefficient (r) was assessed for normally distributed
data, and the Spearman correlation coefficient (rs) was
assessed for nonnormally distributed data. Correlation
coefficients > 0.7 were considered to indicate a strong cor-
relation, correlation coefficients < 0.7 and > 0.4 indicated
a moderate correlation, and correlation coefficients < 0.4
indicated a weak correlation. Finally, a stepwise logistic
regression analysis was performed to determine independ-
ent parameters associated with early KOA and established
KOA.
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20 mm

tissue) (right upper quadrant), and the white area within individual
muscle is intra-MAT (right lower quadrant)

To detect parameters related to knee pain in patients with
KOA, a correlation between knee pain score and BMI, FTA,
thigh muscle CSA, and thigh adipose tissue area was exam-
ined. The Spearman correlation coefficient (rs) was assessed
because knee pain score data were not normally distributed.

To detect parameters related with the left—right differ-
ence of KOA grade and knee pain in the same patient, a
correlation analysis between the left-right differences of
the parameters (FTA, thigh muscle CSA, and adipose tissue
area) and the KOA grade and pain scores was performed
using the Spearman correlation coefficient (rs) because the
data were not normally distributed. The left-right differ-
ences in KOA grade, knee pain scores, and FTA were cal-
culated as right—left. The left—right differences in individual
muscle CSAs and adipose tissue areas were calculated as
right/left ratios.

The kappa coefficient was assessed to test the intrao-
bserver reproducibility of the KOA grade classification
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(kappa coefficients > 0.81 were defined as almost perfect,
kappa coefficients <0.80 and >0.61 were defined as sub-
stantial, kappa coefficients <0.60 and >0.41 were defined
as moderate, and kappa coefficients <0.40 and >0.21 were
defined as fair). To test the intraobserver reproducibility of
the measurement of FTA and inter and intra-MAT area, an
intraclass coefficient was assessed. The cut-offs of intraclass
coefficient were same as those for the kappa coefficient.
All statistical tests were performed using SPSS statisti-
cal software (version 22; SPSS, Inc., Chicago, IL, USA).
p values of <0.05 were considered statistically significant.

Results
Patient characteristics and JKOM scores

Patients with KOA grade >?2 had greater BMI and FTA than
those with KOA grade=1. In terms of total JKOM, pain,
ADLs, and health perception scores, patients with KOA
grade > 2 had significantly higher scores than those with
KOA grade=1 (Table 1).

Comparison of thigh muscle CSA and adipose tissue
area between early and established KOA

The knee extensor CSA to thigh ratio was significantly
lower in patients with KOA grade >2 than in those with
KOA grade=1. The SAT area to thigh ratio, the inter-MAT
area to thigh myofascial ratio, and the thigh intra-MAT area
ratio were greater in patients with KOA grade > 2 than in
those with KOA grade =1. In particular, the knee extensor
intra-MAT area ratio and the ADD intra-MAT area ratio

were greater in patients with KOA grade >?2 than in those
with KOA grade=1 (Table 2).

The VM CSA to knee extensor ratio was on average 2.2%
lower in patients with KOA grade >2 than in those with
KOA grade=1 (p=0.006), whereas the VL and VI intra-
MAT area ratios were greater (median, 6.1%, p=0.023;
mean, 4.2%, p=0.019, respectively) in patients with KOA
grade >2 than in those with KOA grade = 1. No significant
differences were observed in other muscles (Fig. 3).

Independent parameters associated with early
and established KOA

Strong correlations were observed between the SAT area and
the SAT to thigh ratio (rs=0.91, p <0.001); the inter-MAT
area and the inter-MAT to thigh myofascial ratio (r=0.90,
p<0.001); and the ADD intra-MAT area and the ADD intra-
MAT ratio (rs =0.84, p <0.001). Then, these ratio param-
eters were included in a logistic regression analysis. For the
intra-MAT ratios, a strong correlation was observed between
the thigh and the knee extensor (rs=0.70, p <0.001); the
thigh and the ADD (rs=0.85, p <0.001); the knee exten-
sor and the VL (rs=0.73, p <0.001); and the knee extensor
and the VI (rs=0.83, p <0.001). The smaller muscle was
selected for a logistic regression analysis.

Ultimately, strong correlations were not observed among
BMLI, FTA, the knee extensor CSA ratio, the VM CSA ratio,
the SAT ratio, the inter-MAT ratio or the intra-MATS ratio
for ADD, VL, or VI, and these parameters were incorpo-
rated in a stepwise logistic regression analysis. In a stepwise
logistic regression analysis, FTA [odds ratio (OR) 3.2, 95%
confidence interval (CI) 1.3-7.7, p=0.01]; the VM CSA to
knee extensor ratio (OR 2.0, 95% CI 1.0-3.7, p=0.036);
and the inter-MAT area to thigh myofascial ratio (OR 1.8,

Table 1 Comparison of patient

. Parameters KOA grade=1 (n=23) KOA grade>2 (n=27) p value
characteristics and JKOM
scores between patients with Age, years 733443 7274477 0.65
KOA grade=1 and KOA Female ratio, % 56.5 70.4 0.31
grade>?2
Height, cm 155.6+8.9 153.5+9.0 0.42
Weight, kg 61.4+122 64.7+8.3 0.27
BMI, kg/m? 25.2+3.9% 27.5+3.0% 0.034
FTA, degree 175.7+2.9% 180.9+3.7* <0.001
JKOM
Total score 17 (9-33)* 31 (23-42)* 0.007
Pain score 8 (4-11)* 14 (8-16)* 0.003
ADLs score 8 (3-16)* 14 (9-21)* 0.026
Health perception score 2 (1-4)* 4 (3-5)* 0.020

Data are shown as mean + standard deviation and median (first quartile—third quartile)

JKOM Japanese Knee Osteoarthritis Measure, KOA knee osteoarthritis, BMI body mass index, FTA femo-
rotibial angle, ADLs activities of daily living

*Mean significant difference (p <0.05)
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Table2 Comparison of thigh

. . Parameters KOA grade=1 (n=23) KOA grade>?2 (n=27) p value
muscle CSA and adipose tissue
area Muscle CSA
Thigh muscle, cm? 92.5+20.8 872+17.6 0.33
Extensor, cm? 424+94 379+7.7 0.07
The ratio to thigh muscle, % 44.8 (43.2-47.5)* 43.9 (40.8-45.6)* 0.042
Flexor, cm? 24.7+5.6 24.6+4.9 0.98
The ratio to thigh muscle, % 26.7 (20.6-32.9) 28.3 (20.8-32.9) 0.10
Adductor, cm? 20.0+5.9 19.1+6.0 0.62
The ratio to thigh muscle, % 21.3 (15.1-25.9) 21.6 (14.2-28.0) 0.80
Adipose tissue area
SAT, cm? 2044.1 (1305.8-2328.7)*  2452.9 (1995.5-3278.1)*  0.015
The ratio to thigh, % 32.7+10.0% 39.4+10.9% 0.03
Inter-MAT, cm? 289.2+104.8* 377.3+128.0*% 0.011
The ratio to thigh myofascia, % 7.5+2.8% 10.1+3.8* 0.008
Thigh intra-MAT, cm? 715.7+247.9 846.5+296.9 0.10
The ratio to thigh muscle, % 20.6+6.3* 25.5+£7.7*% 0.017
Extensor intra-MAT, cm? 235.0+97.6 275.8+111.4 0.18
The ratio to extensor, % 16.0 (12.0-18.0)* 20.0 (15.0-21.0)* 0.018
Flexors intra-MAT, cm? 231.5 (196.0-296.5) 275.6 (182.1-370.1) 0.25
The ratio to flexor, % 27.0+11.8 30.4+10.8 0.29
Adductor intra-MAT, cm? 133.8+59.4* 182.0+78.8* 0.020
The ratio to adductor, % 16.6 (13.1-22.6)* 23.1 (16.4-34.4)* 0.027
Data are shown as mean + standard deviation and median (first quartile—third quartile)
CSA cross-sectional area, KOA knee osteoarthritis, SAT subcutaneous adipose tissue, MAT muscle adipose
tissue
*Mean significant difference (p <0.05)
95% CI 1.0-3.1, p=0.037) were significantly independently
________ associated with established KOA. The VL intra-MAT ratio
e TKOA grade =1 § had a tendency to be associated with established KOA (OR
i; 1.3,95% C10.98-1.7, p=0.064).
8
Ry * Correlation between the knee pain score
g o rL and parameters in patients with KOA
2 E
é 10 .I I_I,IE.I E i Knee pain score was significantly positively correlated with
2 o) Ll i FTA (rs=0.30, p=0.033), whereas knee pain score had
RF VL VI VM BFS BFL ST SM

50 4

Ik ii “

1
1
1
1
a
RF VL VM BFS BFL ST

The intra-MAT area to muscle CSA %)

Fig. 3 Dotted lines represent knee osteoarthritis (KOA) grade=1 and
solid lines exhibit grade>2. The error bar on gray graphs represents
the mean with standard deviations, and the error bar on white graphs
shows the median with first quartile—third quartile. Asterisks indicate
a significant difference
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no significant correlations with age and BMI (rs =0.004,
p=0.98 and rs=0.16, p=0.29, respectively). No significant
correlations were noted between knee pain score, thigh mus-
cle CSA and adipose tissue area (Table 3). Moreover, no
significant correlations were observed between the knee pain
score, the individual muscle CSA to muscle group ratios and
the intra-MAT ratio of the individual muscles.

Correlation between the left-right differences
of KOA grade and knee pain score and parameters

The left-right difference of KOA grade in the same patient
was positively correlated with the left-right difference
of knee pain score (rs=0.34, p=0.018). The left-right
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Table 3 Correlation between knee pain score and thigh muscle CSA
and adipose tissue area in patients with KOA

Table 4 Correlation between the left-right difference of KOA grade
and knee pain score and FTA and thigh muscle CSA

Parameters 1S p value
Muscle CSA
Thigh muscle, cm? —-0.18 0.22
Extensor, cm? -0.21 0.15
The ratio to thigh muscle, % -0.15 0.30
Flexor, cm? -0.10 0.49
The ratio to thigh muscle, % 0.19 0.20
Adductor, cm? -0.13 0.36
The ratio to thigh muscle, % —0.08 0.58
Adipose tissues
SAT, cm? 0.20 0.16
The ratio to thigh, % 0.21 0.15
Inter-MAT, cm? 0.09 0.52
The ratio to thigh myofascia, % 0.21 0.14
Thigh intra-MAT, cm? —0.04 0.77
The ratio to thigh muscle, % 0.07 0.64
Extensor intra-MAT, cm? —-0.03 0.84
The ratio to extensor, % 0.12 0.42
Flexors intra-MAT, cm? -0.12 0.41
The ratio to flexor, % —-0.09 0.54
Adductor intra-MAT, cm? 0.04 0.77
The ratio to adductor, % 0.09 0.53

Data represents Spearman correlation coefficient (rs)

CSA cross-sectional area, KOA knee osteoarthritis, SAT subcutaneous
adipose tissue, MAT muscle adipose tissue

*Mean significant difference (p <0.05)

differences of KOA grade and knee pain score were posi-
tively correlated with the left-right difference of FTA and
negatively correlated with the left-right difference of knee
extensor CSA, particularly with regard to the left-right dif-
ference of VM CSA (Table 4). However, the left-right dif-
ferences of inter-MAT area were not significantly correlated
with the left-right differences in KOA grade and knee pain
score (p=0.39 and p=0.17, respectively). The left-right
differences of any intra-MATSs area were not significantly
correlated with the left-right differences in KOA grade
and knee pain score (p=0.17-0.96 for the KOA grade and
p=0.27-0.97 for the knee pain score).

Reproducibility of KOA grade classification, FTA,
and adipose tissue area measurements

The kappa coefficient in the intraobserver reproducibility
of classifying KOA grade was 0.88, and the reproducibility
of the KOA grade classification was almost perfect. For the
intraobserver reproducibility of the measurement of FTA
and inter and intra-MAT area, the intraclass correlation coef-
ficient was 0.98 (95% CI 0.94-0.99), and the SEM was 1.4

Parameters KOA grade p value Knee pain score p value
I rs

FTA 0.32% 0.023 0.31% 0.033
Thigh muscle CSA —0.19 0.20 —0.29% 0.048
Extensor CSA —-0.36% 0.011 —0.44* 0.002
RF CSA 0.11 0.45 0.06 0.70
VL CSA -0.18 0.22 —0.40%* 0.005
VICSA -0.19 0.19 -0.23 0.12
VM CSA —041%* 0.004 —0.44% 0.002

Data represents Spearman correlation coefficient (rs)

KOA knee osteoarthritis, FTA femorotibial angle, CSA cross-sectional
area, RF rectus femoris, VL vastus lateralis, VI vastus intermedius,
VM vastus medialis

*Mean significant difference (p <0.05)

degrees for the FTA measurement. The reproducibility of the
FTA measurement was almost perfect. The intraclass corre-
lation coefficient was 0.92 (95% CI 0.70-0.98), and the SEM
was 11.2% for inter-MAT measurement. During intra-MAT
analyses of individual muscles, the intraclass correlation
coefficients ranged from 0.76 (95% CI 0.10-0.94) with an
SEM of 19.6% to 0.94 (95% CI 0.79-0.99) with an SEM of
12.9%. The reproducibility of the adipose tissue area meas-
urement was substantial and almost perfect.

Discussion

Recent studies have shown stronger associations between
KOA, SAT and inter-MAT and intra-MAT of the knee
extensor compared to associations with the knee exten-
sor CSA [7, 10, 12]. The results of the present study also
show that lower knee extensor CSA is not independently
associated with established KOA; however, novel findings
include the observation that FTA and the VM CSA to knee
extensor ratio are independently associated with estab-
lished KOA. In addition, no parameters except FTA were
related with knee pain in patients with KOA. On the other
hand, Sattler et al. [21] reported that knee pain induced
VL and VM atrophy on the affected side compared with
the side without knee pain in an inpatient cohort. Simi-
larly, in the present study, the left—right difference in knee
pain is negatively correlated with the left—right differences
of the knee extensor, VL, and VM CSA, as well as the
lower thigh muscle CSA. Whereas the left-right differ-
ences of the KOA grade are negatively correlated with
the left-right differences of knee extensor CSA and VM
CSA. Interestingly, in the left-right differences, adipose
tissue content (SAT, inter-MAT, and intra-MATSs) exhib-
its no correlations with KOA grade and knee pain. These
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results indicate that greater adipose tissue content may not
depend on KOA grade and knee pain but rather on physi-
cal activities, systematic calorie consumption, and BMI.

In the present study, greater FTA and lower VM CSA
are associated with higher radiographic KOA grade in
patients with KOA and were also related with the KOA
grade when analyzing the left-right differences in the
same patient. Some authors have reported that varus knee
(greater FTA) is a risk factor for KOA progression [22,
23]. Varus knee increases the knee adduction moment
and load in the medial compartment of the knee [23-26].
Interestingly, in the present study, FTA is not correlated
with the VM CSA ratio, and these parameters were inde-
pendent parameters associated with established KOA in
patients with KOA. Some authors reported that greater
FTA induces external patellar rotation, with the VM pull-
ing the patella medially and stabilizing the patellofemoral
joint [27, 28]. Therefore, VM atrophy might be a risk fac-
tor for medial KOA, potentially leading to greater FTA;
if VM atrophy is successfully prevented in patients with
varus knee, the progression of medial KOA could be pre-
vented. In actuality, prospective studies have shown that
decreases in VM CSA are associated with the progression
of KOA [13, 14]. From a clinical perspective, focusing on
the VM CSA to knee extensor ratio measured using MRI
may be important to investigate rehabilitation efficacy and
risk for medial KOA. The intraobserver reproducibility for
the measurement of the VM CSA to knee extensor ratio
had an SEM of 0.85% in our pilot study, which was lower
than the mean difference of the VM CSA ratios observed
between early and established KOA. Individual extensor
muscle CSAs could be estimated from muscle thickness;
therefore, measurement using MRI may represent an alter-
native to the measurement using sonography as a simpler
method for a clinically use.

Bastick et al. [29] reported that baseline KOA grade
severity was related to the progression of knee pain, whereas
baseline knee pain was also related to the progression of
radiographic KOA grade. In the present study, knee pain
was weakly correlated with FTA in patients with KOA and
left-side differences. Greater knee extensor strength was
associated with reduced symptoms in patients with KOA
and radiographic KOA progression, and knee extensor
strengthening was recommended by the OARSI guidelines
[1, 5]; however, in patients with varus knee, greater knee
extensor strength was associated with KOA progression,
and a knee extensor strengthening program revealed no sig-
nificant improvement in knee pain compared with patients
without varus knee [30, 31]. Therefore, future clinical stud-
ies are needed to determine whether increasing the VM to
knee extensor ratio by rehabilitation may prevent greater
FTA and knee pain impairment; further studies would also
allow for an increased understanding of the development
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and progression of medial KOA as well as to investigate the
relationship between these parameters over time.

There was a limitation in this study. To measure adipose
tissue area, the present study used pixel-by-pixel analysis,
which is a practical method using T1-weighted MRI; how-
ever, it was unclear whether this analysis was consistent with
other methods, such as chemical shift-based water/fat sepa-
ration methods (Dixon techniques) and iterative decomposi-
tion of water and fat with echo asymmetry and least-squares
estimation; thus, future studies are needed for clarification
of the agreement of these methods.

Conclusion

This study found that a greater FTA and a lower VM CSA to
knee extensor ratio were associated with higher KOA grade.
A greater inter-MAT ratio was associated with established
KOA; however, adipose tissue was not related with KOA and
knee pain when analyzing the left-right differences in the
same patient. A future study on the effect of improvement of
VM atrophy on FTA and KOA may be noteworthy.
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