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Purpose: Our study aims to evaluate differences in muscle parameters of the quadriceps muscles in patients with knee osteoarthritis
(KOA) in older adults.

Methods: The study included 40 patients diagnosed with unilateral knee osteoarthritis in the KOA group (KG) and 40 asymptomatic
elderly individuals in the control group (CG). Muscle ultrasonic mean echo intensity and shear modulus, as well as tone and stiffness
of the rectus femoris (RF), vastus medialis (VM), and vastus lateralis (VL) were analyzed. Additionally, clinical correlations were
performed.

Results: In the KG group, there were significant differences in echo intensity, shear modulus, and tone between the affected and
unaffected sides for RF (p=0.003, 0.019, 0.014), while VM showed significant differences in shear modulus and tone (p=0.006, 0.002).
Additionally, VL exhibited significant differences in echo intensity, shear modulus, and stiffness (p=0.007, 0.006, 0.010). Compared to
the CG group, the KG group showed significant differences in echo intensity of the affected side RF (p=0.001). VM exhibited
statistically significant differences in echo intensity and shear modulus (p < 0.001, p=0.008), while VL showed statistically significant
differences in echo intensity, tone, and stiffness (p < 0.001, p=0.028, p < 0.001). The correlation results showed that patients with
unilateral KOA, VM, and VL echo intensity were correlated with K-L grade (r = 0.443, p=0.004; r = 0.469, p=0.002). The tone of VL
was correlated with VAS and WOMAC (r = 0.327, p=0.039; r = 0.344, p=0.030).

Conclusion: The parameters of the quadriceps femoris muscle exhibit asymmetry between the affected and unaffected sides in
patients with unilateral KOA, as well as a difference between the dominant side of healthy older individuals and the affected side of
KOA.
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Introduction

Knee osteoarthritis (KOA) is a common degenerative joint disease among older individuals worldwide." It is now
commonly recognized as a chronic disorder affecting the entire joint, including the synovial membrane, cartilage,
meniscus, subchondral bone, infrapatellar fat pad, ligament, and periarticular muscle.* ® With an aging population, the
incidence of KOA will continue to rise. This poses a severe health threat, leading to higher medical costs and increased
economic burdens for families and society.” The etiology of KOA is complex, involving not only the pathological
changes in various structures around the joint but also alterations in the body’s microenvironment.®* Among them,
atrophy and weakness of skeletal muscles around the knee joint are essential clinical symptoms of KOA and risk factors
for its occurrence.'®!! The quadriceps femoris muscle group is responsible for both knee extension and hip flexion,
making it the primary knee extensor of the knee joint. Its crucial role in maintaining stability within the knee joint
ensures normal movement and upright body posture. Improving the quadriceps femoris muscle can reduce the risk of
KOA, alleviate pain in KOA patients, enhance physical function, and improve their quality of life.'*'* Therefore,
selecting an appropriate approach for assessing quadriceps femoris muscle alterations can guide knee osteoarthritis
rehabilitation.

Ultrasound can display anatomical images of muscles, tendons, ligaments, joint capsules, and other soft tissues in real
time while dynamically observing the morphology of muscles.'* The ultrasound image of muscle can not only clearly
show the cross-sectional area, thickness, and fiber length of the muscle as well as its pinnate angle but also indirectly
reflect proportional changes in muscle structure by quantifying the echo intensity of the image.'>'® The echo intensity of
muscle fiber parenchyma is dark, while that of non-contractile tissue is bright in the ultrasound image of the muscle.
Therefore, echo intensity can also reflect muscle composition and quality.'”'® Naoki Akazawa et al used the echo
intensity of quadriceps femoris to reflect muscle structure composition and found a negative correlation with daily
activity ability.'® Fukumoto et al discovered that changes in the echo intensity of quadriceps femoris could indicate
differences in physical activity, allowing for the evaluation of muscle quality and function.”® Ultrasound shear wave
elastography (SWE) is a practical, non-invasive tool for measuring soft tissue and elastic properties in vivo.?! It can
quantify the stiffness of local areas of soft tissue by shear modulus. Previous studies have shown that shear modulus
values can reflect quadriceps stiffness, which is related to muscle strength and proportional to contraction.”* *
Additionally, Muscle tone and stiffness are the foundation for maintaining physiological function in muscles, playing
a crucial role in joint stability and overall body function.”” In recent years, using equipment to measure muscle properties
instead of manual measurement has improved the reliability of measurements.”® Myoton PRO is a convenient handheld
device for measuring muscle mechanical properties among different populations and at various joint angles with good
intra- and inter-rater reliability.?’-*®

Based on the reliability of ultrasound and Myoton PRO in assessing muscle parameters, we used these tools to
compare differences in muscle echo intensity, shear modulus, tone, and stiffness between the affected and unaffected
sides of patients with unilateral knee osteoarthritis. We also compared these parameters between the affected side of
KOA patients and the dominant side of healthy older individuals. Additionally, we examined correlations between
muscle parameters and clinical severity scores.

Material and Methods
Design

The study was designed as a preliminary observational study aimed at evaluating muscle differences between the affected
and unaffected sides in KOA, as well as between patients with KOA and healthy older individuals. Additionally, it
assesses the correlation between muscle parameters and clinical severity in KOA patients.

Participants

The study included 40 asymptomatic volunteers and 40 patients with KOA. All the patients had unilateral KOA and were
recruited from the outpatient department of Guangdong Provincial Second Hospital of Traditional Chinese Medicine. The
inclusion criteria for KOA were as follows: 1) aged >60, 2) meeting the clinical diagnostic criteria for KOA set by the
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American College of Rheumatology,? 3) unilateral KOA with a Kellgren/Lawrence (K/L) grade > 2,°° 4) BMI <30 kg/
m?. The exclusion criteria include the following: 1) lower extremity trauma or deformity, 2) presence of muscle-related
diseases such as polymyositis, myasthenia gravis, and muscular dystrophy, 3) presence of neurological diseases such as
stroke and Parkinson’s disease, 4) other non-degenerative knee-related diseases like gout and rheumatoid arthritis, and 5)
skin ulceration around the knee and thigh. Forty asymptomatic individuals were recruited as controls. The participants
were selected from families of patients at Guangdong Provincial Second Hospital of Traditional Chinese Medicine and
surrounding communities, meeting the following inclusion criteria: 1) aged >60, 2) no history of lower limb deformity or
trauma, 3) no history of knee joint-related diseases, and 4) no musculoskeletal or nervous system disorders. Demographic
information, including name, sex, age, height, weight, and body mass index, was collected. In addition, patients in the
KOA group were assessed for their Western Ontario McMaster University Osteoarthritis Index score (WOMAC), the
visual analogue scale of pain, and K/L grade. In KOA patients, measurements of both lower limbs were taken, and the
affected or healthy side was recorded. For asymptomatic individuals, the dominant side was determined by asking about
their kicking preference and measured.?' This study adhered to the principles outlined in the Declaration of Helsinki and
was approved by the Ethics Committee of the Guangdong Provincial Second Hospital of Traditional Chinese Medicine
(No. YBO1).

Muscle Ultrasound Image Measurement

The Super Sonic Imaging color Doppler ultrasound diagnostic instrument (Aixplorer company, France) was used with an
L15-4 array probe operating in muscle examination mode at 4—-12 MHz frequency. The gain value and depth were set to
the same level. The subject was positioned supine with both legs extended and muscles relaxed, and coupling gel was
evenly applied to the probe before measurements were taken perpendicular to the skin. The measurement points were
selected as follows: the RF was chosen at the middle and lower 1/3 of the upper margin of the anterior superior iliac spine
and patella; The VM and VL were measured at the medial and lateral positions, respectively, 10 cm above the patella.*
The optimal measurement location was determined when several muscle fascicles could be seen without disconnection
through the image.*

Measurement of Shear Modulus

The ultrasound diagnostic instrument was switched to the SWE measurement mode, and the probe was rotated parallel to
the muscle at the measurement point described above. A 1cm*1cm square area (SWE-Box) was selected as the field of
view for observation in the muscle image. Once a stable shear wave appeared within this field, the image was frozen, and
the average shear modulus was measured using a supersonic imaging analysis plug-in (Q-Box). The measurement image
is shown in Figure 1.

Measurement of Echo Intensity

Image J 1.8.0 was used for the quantitative analysis of ultrasound images. The recognizable muscle tissue on the image
was selected using the polygon box tool, and the Region of Interest (ROI) outline was circled. Then, the “Measure”
function in “Analyze” was used to calculate the average gray value of echo intensity in the selected area, which ranges
from 0 to 255.%° The measurement image is shown in Figure 1.

Measurement of Myoton PRO

The RF, VL, and VM biomechanical properties were measured using the Myoton PRO device (Tallinn, Estonia) by the
same trained operator. Tone and stiffness values were recorded at the following points: For the rectus femoris muscle,
two-thirds of the distance between the anterior superior iliac spine and the superior pole of the patella was selected.>* The
measurement points of vastus lateralis and vastus medialis are the most salient points of the muscle belly.”® All subjects
were required to rest for 5 min before measurement, during which the subjects were lying with knees extended and hip in
the neutral position and were asked to relax their muscles and not speak to avoid any possible muscle contraction. In this
study, Myoton PRO (Tallinn, Estonia) was used to evaluate the quadriceps tone and stiffness.
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Figure | The method for measuring ultrasound-related parameters of the rectus femoris muscle.

Notes: (A) depicts a schematic diagram of the cross-section of the rectus femoris muscle and the measurement of echo intensity. The histogram of the gray scale of the
rectus femoris muscle in Image] software (0-255) is shown in the right image of part A. (B) shows a longitudinal section diagram of the rectus femoris muscle and illustrates
the measurement of shear modulus.

Clinical Severity

The Visual analogue scale (VAS) score was used to evaluate patients’ pain. It is a widely used evaluation tool for pain in KOA
patients. The score range is 0—10. The Western Ontario and McMaster University Osteoarthritis Index (WOMAC) evaluates knee
joint function in pain, stiffness, and joint function.* It covers the primary symptoms and signs of arthritis affecting the entire
knee. Higher scores indicate more severe knee dysfunction. This study recorded only total score values for pain, stiffness, and
joint function. The Kellgren-Lawrence (K-L) classification is a commonly used clinical system for grading knee osteoarthritis
based on imaging manifestations, with severity divided into five grades ranging from 0 to I'V. Higher grades indicate more severe
degrees of the condition.*

Statistical Analysis

Statistical software SPSS (Version 26.0. Armonk, NY: IBM Corp) was used for statistical analysis. Shapiro—Wilk test was used
to analyze the normality of the data, and the Levene test was used for homogeneity of variance. For the data with normal
distribution and homogeneity of variance, the independent sample #-test was used to compare the two groups, and the Paired
Student’s ¢-test was used for intra-group comparison. Mann—Whitney U-test for between-group comparisons and the Wilcoxon
test for within-group comparisons were used when data were not normally distributed or did not meet homogeneity of variance.
Pearson’s correlation test (normal distribution) or Spearman’s (non-normal distribution) was used to analyze the correlation
between muscle parameters and clinical severity. Numerical data were represented by frequency or percentage (%), and the
comparison of rate or ratio was analyzed by chi-square test (32). Statistical differences were considered significant at p < 0.05.
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Table | Characteristics of Participants

Characteristics | KG (n=40) CG(n=40) P value

Age (year) 66.78 + 3.56 | 66.38 +3.19 | 0.598
Gender (n) 0.639
Male 13/40 (32.5%) | 15/40 (37.5%)
Female 27/40 (67.5%) | 25/40 (62.5%)
Height (cm) 159.63 £ 6.17 | 160.15 + 6.08 | 0.703

Weight (kg) 6125+ 434 | 6090 + 462 | 0.728
BMI (kg/m?) 24.13+239 | 2385+257 | 0780

VAS 4.55 + |.54
WOMAC 3840 +9.18
K-L

Il 18

1] 20

v 2

Notes: Values are Mean * SD or n or Percent (%).
Abbreviations: BMI, body mass index; KG, KOA patients’ group; CG,
control group; K/L, Kellgren/Lawrence.

Results
Participants Characteristics
Demographic results showed no significant differences in age, height, weight, or BMI between the two groups. The

information of all participants is presented in Table 1.

Muscle Echo Intensity and Shear Modulus

As shown in Table 2 and Figure 2, the results showed that in the KG group, the echo intensity of RF and VL on the
affected side was higher than that on the healthy side (p=0.003, p=0.007). The shear modulus of RF, VM, and VL on the
affected side were lower than those on the healthy side (p=0.019, p=0.006, p=0.006). Compared with CG, the echo
intensity of RF, VM, and VL in the KG group was higher than in CG (p=0.001, p<0.001, p<0.001). The shear modulus of
VM in the KG was lower than that of CG (p=0.008).

Tone and Stiffness
As shown in Table 3 and Figure 3, the results indicated that in KG, the tone of RF and VM on the affected side was
higher than that on the healthy side (p=0.014, p=0.002), with the stiffness in VL on the affected side was higher than that

Table 2 Muscle Ultrasound Parameters of the RF, VL, and VM Between Patients with Knee Osteoarthritis and
Asymptomatic Subjects

Muscle ultrasound parameters KG P value CG P value
(AS VS US) (DS VS AS)
AS us DS

Ultrasonic echo intensity RF | 12444 + 2857 | 112.52 + 26.10 | 0.003* 107.30 £12.98 | 0.0014

VM | 108.97 +25.60 | 102.17+ 28.66 | 0.195 90.33 £16.38 | <0.0014

VL | 121.58 +27.26 | 108.97+ 27.53 | 0.007* 94.05 +14.11 <0.0014
Shear modulus (Kpa) RF | 872 +1.98 9.83 + 1.89 0.019* 941 £ 1.45 0.077

VM | 7.58 + 2.09 9.11 +268 0.006* 8.83 + 1.96 0.0084

VL | 789 £ 2.15 9.47 + 225 0.006* 851 +1.72 0.155

Notes: Values are mean * standard deviation; AS compared to US *p < 0.05; KG compared to CG, “p < 0.05.
Abbreviations: KG, KOA group; CG, control group; AS, affected side; US, unaffected side; DS, dominant side; RF, rectus femoris; VM, vastus medialis VL,
vastus lateralis.
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Figure 2 Differences in Muscle ultrasonic echo intensity and Shear modulus of the RF, VM, and VL between patients with knee osteoarthritis and healthy subjects.
Notes: **Indicates p value < 0.01; *Indicates p value < 0.05.
Abbreviations: AS, Affected side; US, unaffected side; CG, control group.

in unaffected side (p=0.010). Compared with CG, the tone and stiffness of VL in the KG group were higher than in CG
(p=0.028, p<0.001).

Relevance

In patients with unilateral KOA, VM and VL echo intensity were correlated with K-L grade (r = 0.443, p=0.004; r =
0.469, p=0.002). The tone of VL was correlated with VAS and WOMAC (r = 0.327, p=0.039; r = 0.344, p=0.030). All
results are shown in Table 4.

Discussion

The ultrasonic evaluation results showed that the RF and VL echo intensity on the affected side of the KG were higher
than that on the healthy side, while the RF, VM, and VL echo intensity in the KG were higher than those in the CG.
These findings suggest differences in ultrasound images of muscles on the affected side of KOA patients, and an increase
in echo intensity indicates muscle quality deterioration.'® The shear modulus in RF, VM, and VL of the affected and
healthy sides of the KG showed statistically significant differences. Additionally, there was a statistically significant
difference in the shear modulus of VM between CG and KG. The shear modulus reflects muscle elasticity, with lower
values indicating poorer muscle elasticity.’® The evaluation results of Myoton PRO showed that the tone of RF and VM
on the affected side was higher than that on the healthy in the KG, and the stiffness of VL on the affected side was also
higher than that on the healthy side. In Addition, there were statistically significant differences in both tone and stiffness
of VL between CG and KG. Tone and stiffness represent changes in muscle properties, and the two are often consistent.
An increase in both also indicates a certain degree of decrease in muscle quality. Our study demonstrates asymmetries in
muscle parameters between the affected and healthy sides of KOA patients and differences in muscle parameters on the

Table 3 Muscle Biomechanical Properties of the RF, VL, and VM Between Patients with Knee Osteoarthritis and
Asymptomatic Subjects

Muscle biomechanical property KG P value CG P value
(AS VS US) (DS VS AS)
AS uUs DS

Tone(Hz) RF | 1452+ 152 | 13.68 +1.94 | 0.014* 13.94 £ [.55 | 0.099

VM | 1410 £ .17 | 13.15+ 1.60 | 0.002* 13.74 £ 1140 | 0.214

VL | 1578 £246 | 15.15+237 | 0.079 14.65 £ 2.04 | 0.0284
Stiffness(N/m) RF | 246.70+31.48 | 238.70+31.85 | 0.073 242.55+29.88 | 0.547

VM | 235.95+28.17 | 229.78+26.92 | 0.324 236.28+38.39 | 0.966

VL | 283.38+40.64 | 262.83+37.22 | 0.010% 252.60+34.29 | <0.0014

Notes: Values are mean * standard deviation; AS compared to US *p < 0.05; KG compared to CG, “p < 0.05.
Abbreviations: KG, KOA group; CG, control group; AS, affected side; US, unaffected side; DS, dominant side; RF, rectus femoris; VM, vastus medialis

VL, vastus lateralis.
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Figure 3 Differences in tone and stiffness of the RF, VM, and VL between patients with knee osteoarthritis and healthy subjects.
Notes: **Indicates p value < 0.01; *Indicates p value < 0.05.
Abbreviations: AS, Affected side; US, unaffected side; CG, control group.

affected side between healthy elderly individuals and KOA patients of the same age. Additionally, we found a correlation
between muscle parameters and clinical symptoms in KOA patients. Therefore, knee osteoarthritis is associated with an
imbalance in the muscle parameters of the lower extremities, highlighting the importance of monitoring changes in
muscle quality in patients with KOA.

The degeneration in muscle quality around the knee joint increases the risk and may affects the progression of KOA.*’
In patients with osteoarthritis, the weakening of knee extension function increases the risk of symptoms and functional
deterioration.*® Previous studies have concluded that quadriceps femoris muscle mass is associated with symptomatic knee
osteoarthritis (KOA), and in women, the decline of muscle strength co-occurs with the progression of KOA symptoms.***
Berger et al found a correlation between the knee extensor muscle strength and the WOMAC score, indicating that KOA
patients with severe WOMAC scores have weaker knee extensor strength.*' Ruhdorfer et al further found that for every 1/
20 unit increase in the WOMAC pain scale, age-adjusted isometric knee extensor and flexor strength decreased by about
2%.% Luc-Harkey et al found greater muscle strength, less pain, and better physical function performance in patients with
KOA.** In addition, both men and women with knee extensor muscle weakness have an increased risk of developing knee
osteoarthritis.** Enhancing knee extensor strength may help prevent the onset of this condition.® Shigeru Takagi et al found

Table 4 Correlation of Muscle Ultrasound Parameters and Biomechanical Property with Clinical

Scores in Patients with KOA

Muscle ultrasound parameters KG (AS)
and property
VAS WOMAC K-L grade
r P value | r P value | r P value

Ultrasonic echo intensity RF | —0.038 | 0.817 —0.146 | 0.368 0.079 0.630
VM | 0.148 | 0.363 0.083 0.612 0.443 0.004%*
VL | 0312 | 0.050 0.189 0.243 0.469 0.002%*

Shear modulus(Kpa) RF | 0.133 0414 0.005 0.974 —0.108 | 0.506
VM | 0.263 0.101 0.262 0.102 0.301 0.059
VL | —0.080 | 0.625 0.071 0.664 0.132 0416

Tone(Hz) RF | —0.069 | 0.674 —0.079 | 0.627 —0.093 | 0.567
VM | —0.097 | 0.553 —0.168 | 0.301 0.087 | 0.595
VL | 0327 | 0.039* 0.344 0.030% 0.192 0.235

Stiffness(N/m) RF | —0.074 | 0.648 0.069 0.671 —0.030 | 0.854
VM | —0.100 | 0.539 —0.151 | 0.352 —0.264 | 0.100
VL | —0.051 | 0.754 0.068 0.676 0.266 0.097

Notes: *p < 0.05.

Abbreviations: VAS, Visual analogue scale; WOMAC, Western Ontario McMaster and Kmaster University Osteoarthritis
Index; K-L grade, The Kellgren-Lawrence grade; AS, affected side; RF, rectus femoris; VM, vastus medialis VL, vastus lateralis.
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that quadriceps weakness is associated with an increased risk of knee osteoarthritis, suggesting that improving quadriceps
strength in both men and women may effectively prevent KOA.'' Muscle-specific training interventions were observed to
have beneficial effects on pain and function in KOA patients.**’ The quadriceps femoris is a shock absorber and joint
stabilizer for the knee, crucial in maintaining stability. In knee osteoarthritis (KOA) patients, limb immobility can further
exacerbate muscle atrophy, creating a vicious cycle. Strengthening the muscles surrounding the knee should be an integral
part of the treatment plan for KOA patients. Based on the above, an accurate assessment of thigh muscle parameters can
provide valuable information for preventing and rehabilitating KOA.*’

Ultrasound and Myoton PRO are commonly used non-invasive quantitative muscle assessment tools in clinical
practice. They have advantages in muscle assessment and can be combined in clinical practice.*® Ultrasound echo
intensity can be used to measure muscle composition, reflecting the quality of the muscle by focusing on changes in its
internal structural components. The basic fundamental for measuring muscle quality through echo intensity is that
skeletal muscle consists of contractile and non-contractile elements. Different tissues exhibit varying pixel intensities on
an ultrasound image: muscle appears hypoechoic (black), while adipose and fibrous tissue appear hyperechoic (white).
Hypoechogenicity is associated with superior muscle quality, whereas hyperechogenicity is associated with fatty
infiltration, disease, and muscle injury.'® Studies have confirmed the feasibility of using ultrasound to predict inter-
muscular fat content in animals by establishing equations.**>® Due to the difficulty in obtaining human specimens, it is
currently possible to infer from animal studies that the structure of human muscles could also be estimated by ultrasound.
Young et al established a calibration equation to calculate the percentage of adipose in muscle using echo intensity and
subcutaneous fat thickness, while it is known that adipose affects the function of muscle.’' >* Karapmar et al suggested
that the increase in echo intensity indicates the increase in the percentage of intramuscular adipose tissue in the muscle
and directly used the magnitude of echo intensity to indicate the fat content in the muscle.* The echo intensity of non-
contractile and contractile tissue in muscles differs, which can reflect variations in muscle composition. Therefore, echo
intensity changes can indicate muscle structure alterations closely related to muscle function. The study by Rech et al
shows a negative correlation between EI and physical function and muscle strength.”> Fukumoto et al discovered
a negative relationship between echo intensity and muscle thickness and strength of the rectus femoris muscle while
finding a positive correlation with age.’® In the study by Akima et al, it was found that there was a correlation between
physical function and age with both echo intensity and thickness of the quadriceps femoris muscle. In males, there was
a significant positive correlation between age and quadriceps femoris echo intensity.”’ All of these suggest that echo
intensity is a reliable parameter reflecting muscle quality and function, which can be used as a novel and practical method
for muscle assessment.>®

Currently, echo intensity has good diagnostic value for neuromuscular diseases and tendinopathy, and it can
effectively reflect the abnormal soft tissues of the body. However, there have been few studies on its application in
KOA.>*°! The results of our study revealed differences in muscular echo intensity between healthy older adults and
patients with KOA, as well as the limbs of patients with unilateral KOA, providing a quantitative reference for evaluating
muscle quality. At the same time, we have also discovered that the echo intensity of VM and VL is related to the severity
of KOA. The VM and VL muscles in patients with knee osteoarthritis are prone to abnormalities. Studies have reported
that the VM and VL muscles are the most common sites for active or latent myofascial trigger points in elderly patients
with knee osteoarthritis.®* Moreover, muscle abnormalities are correlated with pain symptoms and disability in patients
with KOA.® In our study, differences in echo intensity suggested the presence of muscle lesions in patients with knee
osteoarthritis (KOA), which may be attributed to local soft tissue abnormalities, including infiltration of fat into muscle
fibers, fibrosis, and abnormality in muscle fascia resulting in abnormal ultrasound images of muscles. This suggests that
clinicians should pay more attention to the quality of quadriceps femoris, particularly in the VM and VL, when
treating KOA.

Shear wave elastography (SWE) is frequently utilized in clinical practice to assess the stiffness of local soft tissues.
Under ultrasound shear imaging, the probe captures the velocity of shear wave propagation in the tissue and converts it to
the elastic modulus value to quantify the exact value of local tissue stiffness.*® Xu et al used ultrasonic shear modulus to
measure the stiffness of the quadriceps femoris during passive knee extension (0°-120°). The results showed that the
shear modulus of the rectus femoris increased more rapidly than that of VM and VL, indicating a more significant change
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in stiffness for the rectus femoris during knee extension.”? Additionally, a robust linear relationship exists between
muscle strength and shear modulus, making the shear modulus a sensitive indicator for assessing changes in muscle
contraction and evaluating alterations in muscle strength. Kawai et al discovered that patients who had undergone knee
surgery and experienced quadriceps femoris dysfunction exhibited lower muscle stiffness during contraction than healthy
individuals by evaluating shear modulus.®* Similarly, the shear modulus can capture changes in gastrocnemius muscle
stiffness during contraction. Muscle stiffness in response to shear modulus was positively correlated with the level of
muscle resistance. Furthermore, the knee and hip angle also affect the shear modulus of the quadricep.®>®° These studies
indicate that the shear modulus has become a commonly used application in muscle assessment as a non-invasive method
of examining muscles. In our study, the shear modulus of the muscle on the affected side showed a downward trend
compared to the dominant side of healthy elderly individuals and the healthy side of KOA patients, indicating a decrease
in muscle elasticity and stiffness in KOA patients as measured by SWE. Although we could not determine the causal
relationship between KOA and decline in muscle quality, it was at least partially confirmed that there was an influence
between the two.

Maintaining muscle’s normal physiological function is the most concerning and ultimate problem in clinical practice,
including contraction and relaxation activities, limb movements, and maintenance of daily needs. An accurate assessment
of muscle biomechanical parameters can evaluate muscle quality and provide references for disease prevention, clinical
treatment, and rehabilitation. Myoton PRO (manufactured by Myoton Ltd, Estonia) is a convenient, hand-held meter for
assessing muscle biomechanical properties that have previously demonstrated reliability in measuring quadriceps tone
(frequency of natural oscillation) and stiffness.”®” Myoton PRO focuses on assessing the mechanical properties of
muscles. Previous studies using Myoton PRO have investigated the symmetry of tone, stiffness, and elasticity in the
lower limbs of healthy older men and found no statistically significant difference in muscle mechanical properties
between their dominant and non-dominant muscles.”® However, age and gender impact muscle properties.>* Muscle tone
and stiffness increase with age, while men exhibit higher levels of tone and stiffness than women.***® The imbalance
caused by pathological changes has also been observed in Myoton PRO in different diseases. In the case of Achilles
tendinopathy, the stiffness of symptomatic tendons was significantly lower than that of asymptomatic ones.®” Athletes
with previous hamstring injuries exhibit higher muscle tone and stiffness levels than those without injuries.’® Similarly,
patients with chronic ankle instability are characterized by increased tone and stiffness in the peroneus longus and tibialis
anterior muscles.”' In unilateral limb disease, the biomechanical balance of muscles may also be affected. Patients with
unilateral pathology often exhibit asymmetrical muscle tone and stiffness. Wu Z et al found that elderly patients with
chronic low back pain on one side had higher tone and stiffness in the paravertebral muscles of the affected side.”” Chang
TT et al used Myoton PRO to find that patients with knee osteoarthritis exhibited higher stiffness in the vastus lateralis
muscle at 60° and 90° knee flexion compared to healthy asymptomatic subjects.>’ This is consistent with our results,
although the knee joint angle differed among patients during testing, indicating an increase in vastus lateralis muscle
stiffness at various angles in KOA patients when measured with Myoton PRO.

In conclusion, KOA is a common disease in elderly adults. Previous studies have mainly focused on pathological
changes, such as synovial and cartilage alterations. With the deepening of understanding, more attention should be paid
to the changes in muscle quality. Echo intensity, shear modulus, and Myoton PRO are all potential and convenient tools
for evaluating muscle properties. In addition to measuring muscle morphology, echo intensity, and shear modulus also
expand the scope of ultrasound assessment of muscles by quantifying muscle composition and stiffness, thereby
providing more information about muscles. Our study used ultrasound to assess the muscle echo intensity and shear
modulus and employed Myoton PRO to evaluate the tone and stiffness in patients with knee osteoarthritis (KOA) on both
affected and unaffected sides. Additionally, we assessed these parameters in age-matched healthy older individuals on
their dominant sides. We also examined the correlation between these muscle parameters and clinical severity scores
(VAS, WOMAC, K-L grade) among KOA patients.

The differences in ultrasound and muscle properties of the superficial quadriceps muscle between elderly patients with
KOA and healthy elderly individuals were preliminarily investigated. Furthermore, a weak to moderate correlation was
found between muscle echo intensity and K-L grade, as well as between tone and pain score in knee osteoarthritis. This
indicates that future prevention and treatment strategies for knee osteoarthritis in clinical settings should take into account
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differences in muscle parameters. The correlation between muscle parameters and clinical severity observed in this study
should be viewed with caution, and further studies with larger sample sizes are needed. However, we believe that our study
provides a reference for clinicians to use the objective tools and methods to evaluate muscle quality around the knee in
patients with KOA. In the future, it is expected that the muscle differences in patients with KOA will attract more attention
from researchers. Additionally, we hope for wider utilization of scientific and objective assessment tools and methods in the
clinical evaluation of muscle quality to assist clinicians in developing appropriate intervention strategies.

Limitations

Our article also has limitations. Firstly, the assessment of muscle differences only selects a limited number of aspects and
does not comprehensively evaluate the quality of thigh muscles in KOA patients from multiple dimensions, such as
strength and function. However, the preliminary results have shown differences, which can provide a reference for future
research. Second, the extensor muscles of the knee joint were selected as the focus of observation, while the flexor
muscles were not included. Since flexors are crucial in maintaining knee function, future studies should also analyze and
evaluate the differences in the flexor muscle group around the knee. Thirdly, we investigated the differences in muscle
parameters at relax status. Various angles and changes in contraction force may impact muscle parameters. More factors
should be considered and controlled to minimize the influences on muscle evaluation. Finally, our study only observed
the difference in muscle among older individuals of the same age. In future studies, a young group should be included to
compare the impact of age on muscle further.

Conclusion

The parameters of the quadriceps femoris muscle exhibit asymmetry between the affected and unaffected sides in patients
with unilateral KOA and a difference between the dominant side of healthy older individuals and the affected side of
KOA. The echo intensity and muscle tone are relevant variables for the clinical grade and score of KOA, thus deserving
consideration in prevention and rehabilitation strategies.
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