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Enhanced echo intensity in vastus medialis is associated with worsening of functional disabilities

and symptoms in patients with knee osteoarthritis: a 3-year longitudinal study

Introduction

Knee extensor weakness is one of the known risk factors for the worsening of functional disabilities and

symptoms in patients with knee osteoarthritis (OA) [1, 2]; further, quadriceps muscle degeneration,

such as muscle atrophy and fatty infiltration, is associated with knee extensor weakness [3]. Previously,

a significant association of knee extensor weakness in patients with KOA was shown with increased

intramuscular fat rather than muscle atrophy [4, 5], suggesting that the fatty infiltration of the quadriceps

muscle should be evaluated to predict the worsening of functional disabilities and symptoms in patients

with KOA.

Few previous studies [6-8] have indicated that the vastus medialis (VM) muscle degeneration is

associated with future cartilage loss. Wang et al. [6] showed that the cross-sectional area (CSA) of the

VM was negatively associated with cartilage volume loss and worsening symptoms over a period of

two years. Another study [7] indicated that an increase in VM fat content was related to cartilage loss

but not to worsening knee symptoms. Further, a recent study [8] also suggested that the greater

quadriceps fatty infiltration, specifically in the VM, was associated with cartilage loss. All these findings

indicate a possible association between VM muscle degeneration and the progression of KOA. Since
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the radiographic severity is not necessarily related to functional disability and symptoms in KOA [9],

assessment of VM muscle degeneration may provide an important tool for predicting the worsening of

functional disabilities and symptoms.

In the studies mentioned above, the muscle quantity and quality were assessed using magnetic resonance

imaging (MRI); however, the application of MRI can be complicated in clinical settings due to

associated issues such as unavailability, operating time, and cost. Ultrasound imaging and segmental-

bioelectrical impedance spectroscopy (S-BIS) are useful and convenient alternative methods to assess

muscle quantity and quality. Muscle thickness (MT) evaluation via ultrasound imaging is a common

index that reflects muscle mass [10]. Muscle echo intensity (EI) using ultrasound images and

extracellular-to-intracellular water (ECW/ICW) ratio using S-BIS are known as muscle quality indices

[3, 11, 12]. Enhanced EI and higher ECW/ICW ratio reflect a relative increase in non-contractile tissue

to muscle mass, including increased fatty infiltration [11, 13]. Taniguchi et al. [14] showed that

increased VM-EI and a higher ECW/ICW ratio, rather than VM-MT, characterized quadriceps muscle

degeneration in patients with KOA.

Furthermore, the ECW/ICW ratio is associated with functional disabilities and severe knee pain in

patients with KOA [15]. Therefore, muscle quality measured using ultrasound images and S-BIS may

infer the worsening of functional disabilities and symptoms in patients with KOA. However, to our

knowledge, no longitudinal study has investigated such associations.
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This study aimed to clarify the association between muscle degeneration at baseline and the worsening

of functional disabilities and symptoms in patients with KOA over a period of 3 years. We hypothesized

that increased VM-EI and a higher ECW/ICW ratio at baseline are associated with worsening functional

disabilities and symptoms in patients with KOA.

Methods

Patients

In this prospective cohort study, female outpatients aged >60 years with KOA were recruited from the

Department of Orthopaedic Surgery at the Kobayashi Hospital, Japan, between September and

December 2018. All patients were diagnosed based on the American College of Rheumatology criteria

for KOA [16], and OA severity was assessed using the Kellgren—Lawrence (KL) grading system [17].

The inclusion criteria were as follows: (1) diagnosis of symptomatic and medial KOA, (2) ability to live

independently, and (3) ability to walk without any assistive device in daily life. The exclusion criteria

were as follows: (1) history of surgery for the back or both limbs, (2) diagnosis of rheumatoid arthritis

and osteonecrosis of the knee, and (3) cardiovascular or neurological disorders. A total of 47 patients

(mean age, 71.1£6.3 years) were eligible for this study and underwent baseline measurements. As the

definition of which side of the knee is targeted for measurement in patients with bilateral KOA, the side
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with more severe radiographic OA was selected for baseline measurement. Additionally, if the patient

had equal radiographic OA severity in both the knees, the more painful side was selected for analysis.

The follow-up data were collected from August to November 2021 at the Kobayashi Hospital. During

the follow-up period, three patients were excluded due to total knee arthroplasty, two were excluded

due to fractures (femoral neck and lumbar compression fractures), and one case was excluded owing to

the need for cancer treatment. Eight patients were lost to follow-up, including those who refused to

participate due to the COVID-19 pandemic. Finally, of the 47 patients at baseline, 33 with KOA were

included in the data analysis.

All patients were informed of the aim and procedures of the study, and all the patients provided written

informed consent before participation. All study procedures were approved by the Ethics Committee of

the Kyoto University Graduate School of Medicine and conducted according to the principles of the

Declaration of Helsinki.

Self-reported knee function and symptoms

Knee functional disabilities and symptoms were assessed using the Knee Society Knee Scoring System

(KSS) 2011 Japanese Edition. The KSS is a self-reported assessment tool, and its validity has been

shown in the Japanese population [18]. Of the four KSS subcategories (symptoms, satisfaction,

expectations, and functional activities), functional activities and symptom categories were used in this
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study. The functional activities category consisted of four components: walking and standing, routine

activities, advanced activities, and discretionary activities. Function scores (0—100 points) evaluate the

degree of physical dysfunction during daily activities, with lower scores representing worse functional

activity. The symptom category consisted of three components: the degree of knee pain during walking,

the degree of knee pain when travelling up or down stairs, and knee stiffness. The maximum possible

symptom score was 25 points, with lower scores representing the worse knee symptoms.

To assess changes in KSS function and symptom scores, patients answered the KSS questionnaire at

baseline and 3 years later. Based on a previous report [19] regarding the minimum clinically important

difference (MCID) for the KSS function and symptom scores, this study defined a reduction of more

than -4.1 points in KSS function or -1.9 points in KSS symptom as the presence of functional disabilities

and/or symptoms progression. If either the KSS function or symptom scores had a reduction greater

than the MCID scores, the patient was classified into the progressive group.

Radiographic KOA assessment

For radiographic assessment of the knees, anteroposterior weight-bearing views were obtained when

the patients stood in a knee flexion position [20]; this method provides more stability than the fully

extended position used in the Rosenberg method. Mild and severe KOA were defined as the KL grade

of 2 and >3, respectively, in one or both the knees.



91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

Measurement of knee extensor strength

The patients were seated on a dynamometer (Isoforce GT-330; OG GIKEN Co., Okayama, Japan) with

the knee joint at 60° flexion. Knee extensor strength was measured twice for approximately 3 s after

familiarization with maximum muscle contraction, and a greater force (N) was obtained. The maximal

torque (Nm) was calculated by multiplying the force (N) and lever arm (m).

MT and EI measurements using ultrasound images

As both decreased MT and enhanced EI are independently associated with loss of muscle strength, MT

and EI are widely used for muscle quantity and quality indices [3, 21, 22]. Transverse B-mode

ultrasound images were obtained using an ultrasound imaging device (LOGIQ e; GE Healthcare UK

Ltd., Chalfont, UK) with an 8 MHz linear-array probe. After the patients rested in the supine position

on the bed for more than 3 min, the same investigator measured the transverse ultrasound image of the

VM 30% distal between the greater trochanter and lateral femoral tuberosity [23]. The settings of the

ultrasound device were unified; the gain was 58 dB, the dynamic range was 69 dB, and the focus depth

was the middle of the VM. VM-MT was measured as the distance between the muscle fasciae and

femoral bone. The mean EI of the VM was obtained by converting the image pixels to an 8-bit grayscale

using image analysis software (ImageJ-WinJP; LISIT, Japan; Fig. 1) and expressed as a 256-point value
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from 0 (black) to 255 (white). The enhanced El is associated with increased non-contractile tissue within

the muscle, including fat tissue investigated by muscle biopsy [13, 24]. The EI analyses of VM were

performed by another investigator blinded to the clinical data. The high reliability of the MT and EI

measurements by an investigator who measured the ultrasound images was confirmed and has been

reported in our previous study [14].

The measurement of ECW/ICW ratio using S-BIS

S-BIS measurement of the upper thigh was performed following ultrasound measurement to avoid the

immediate effect of body water redistribution. Bioelectrical impedance was obtained from multi-

frequency S-BIS equipment (SFB7, ImpediMed Inc., Australia) with a logarithmic spectrum of 256

frequencies ranging from 4—1000 kHz using disposable tab-type electrodes (Red Dot TM; 3M Inc.,

Japan). S-BIS measurements were taken for approximately 3 s to acquire bioelectrical impedances and

were repeated three times consecutively. Data processing was performed using the SFB7 software

(Bioimp software, ImpediMed Inc., Australia). The resistances of zero (Ro) and infinity (R.) were

obtained by fitting the spectrum of the impedance data to the Cole-Cole model. Ry represents the ECW

compartment, and R, represents the total body water compartment (TBW; i.e., R, = Rrw). The

resistance of the ICW compartment (Ricw) was calculated as 1/[(1/Rrsw) — (1/Recw)]. ECW and ICW

were estimated by applying the calculation algorithm used in previous studies [11, 14]. The calculation
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equations of [ICW and ECW are described as follows: ECW = pgcw % length? / Rgcw and ICW = picw X

length? / Ricw, where p indicates the segment-specific extracellular resistivity (pecw = 47 Qcm) and

intracellular resistivity (picw = 273.9 Qm). The segment length (cm) was determined and measured as

the distance between the anterior superior iliac spine and the proximal end of the patella. After obtaining

the ECW and ICW values, the ECW/ICW ratio was calculated as ECW against ICW. The high reliability

of the S-BIS measurement was confirmed in our previous study [14].

Statistical analysis

SPSS software (version 25.0; SPSS Japan Inc., Tokyo, Japan) was used for all the statistical tests.

Statistical significance was set at p <0.05. All baseline values are shown as the mean and standard

deviation. Univariate and multivariate logistic regression analyses were used to identify the predictors

for classification into the progressive group. As the dependent variable was the group (reference, no

progressive group = 0; progressive group = 1), univariate logistic regression was conducted to estimate

the odds ratio (OR) and accompanying 95% confidence interval (CI) for each parameter at baseline. In

addition, multivariable logistic regression analysis was conducted with adjustment variables, including

age, body mass index (BMI), and radiographic OA severity.

Furthermore, we performed multivariable logistic regression analysis for each subcategory (worsening

of functional disabilities; worsening of symptoms) to identify the association between muscle



145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

degeneration at baseline and future progression in patients with KOA. Multivariable logistic regression

analysis with the forced entry method was conducted with the presence of functional disability

progression as the dependent variable and VM-MT, VM-EIL, and ECW/ICW ratio at baseline as

independent variables, including the age, BMI, radiographic OA severity, and baseline KSS function

score as potential confounders. Similarly, multiple logistic regression analysis for the presence of

symptom progression was also performed, adjusting for baseline KSS symptom scores as covariates.

Results

Table 1 shows the baseline characteristics of the patients with KOA who completed 3 years of follow-

up. Of the 33 patients with a significant change in KSS function or symptom score, 13 (39.4%) were

classified into the progressive group; 10, 2, and 1 had functional disability and symptom, functional

disability, and symptom progressions, respectively.

In the univariable logistic regression analysis (Table 2), a higher KSS function score at baseline was

significantly associated with progression (crude OR [95% CI], 1.07 [1.01-1.13], p = 0.032); however,

the knee extensor strength at baseline showed non-significant association (crude OR [95% CI], 1.02

[0.99-1.05], p = 0.252). In muscle degeneration indicators, the enhanced VM-EI (crude OR [95% CI],

1.10 [1.01-1.20], p = 0.023) was identified as a potential predictor of progression. In the multivariable
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analysis, enhanced VM-EI was the only significant predictor of progression (adjusted OR [95% CI],

1.13 [1.03-1.25], p = 0.014) (Table 2).

In the logistic regression subcategory analysis, the VM-EI, but not the VM-MT and ECW/ICW ratio, at

baseline was found to be significantly associated with the progression of functional disabilities (adjusted

OR [95% CI], 1.24 [1.03—1.50], p = 0.024) and symptoms (adjusted OR [95% CI], 1.13 [1.01-1.25], p

=0.029) even after adjustment for baseline KSS scores (Table 3).

Discussion

This is the first longitudinal study to define the association of muscle degeneration at baseline with the

progression of functional disabilities and symptoms in patients with KOA, focusing on muscle quality

evaluated by the VM-EI and ECW/ICW ratio parameters. The most important finding of the present

study was that VM-EI at baseline was a significant independent predictor of functional disability and

symptom progression in patients with KOA. This finding partially supports our hypothesis that the

enhanced VM-EI (loss of muscle quality) in KOA patients is associated with the future worsening of

functional disabilities and symptoms.

According to the results of multivariable logistic regression, VM-EI was selected as a predictor of the

progression group but not the knee extensor strength. Although knee extensor weakness is generally

10
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associated with functional disabilities and symptoms in cross-sectional studies [1, 2], a previous meta-

analysis [25] indicated that knee extensor strength could not predict KOA progression. Although knee

extensor weakness is affected by pain during muscle strength testing [26], imaging devices’ assessment

of muscle function is pain-independent. A previous study [25] and our results suggest that the knee

extensor weakness at baseline is unsuitable for future predictions of functional disabilities and

symptoms. Additionally, consistent with a previous study [8] that investigated the CSA of the quadriceps

muscle using MRI, the VM-MT was also not a predictor of future worsening of functional disabilities

and symptom progression. Regions of interest for evaluating muscle mass from images contain non-

contractile elements, including fat and fibrous tissues. Thus, there is an issue that the actual muscle

contraction element is overestimated when the non-contractile element increases within the muscle [27-

29]. This potential effect may have been the reason why the indicator of muscle mass was not associated

with future functional disabilities or symptom worsening in patients with KOA.

Consistent with our hypotheses, VM-EI at baseline was associated with functional disabilities and

symptom progression in patients with KOA over 3 years. To our knowledge, this study is the first to

longitudinally confirm these associations, although a previous cross-sectional study [30] reported that

intramuscular fat infiltration of VM, which was measured using a chemical shift-based water-fat

separation MRI method, was related to functional disabilities and symptoms. Clinically, it is a strong

point that EI determined via ultrasound imaging can act as an alternative index in addition to the

11
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intramuscular fat infiltration determination using MRI to predict the future progression of disabilities

and symptoms in patients with KOA. Some histochemical studies [31, 32] have shown an increase in

non-contractile tissue within the VM on muscle biopsy, but this increase is not fully known. Arthrogenic

muscle inhibition is one possible mechanism [33]. According to this theory, muscle and joint damage

inflammation is linked to neural inhibition in the quadriceps [34, 35]. VM degeneration, which

anatomically attaches closest to the painful site, could be sensitively associated with KOA-related

functional disabilities and symptom changes.

Contrary to our hypothesis, the ECW/ICW ratio was not a predictive factor for functional disabilities

and symptoms over 3 years of follow-up. A previous study [14] has suggested that the VM-EI is more

accurate than ECW/ICW ratio in distinguishing between the OA and healthy knees, although they both

characterize muscle degeneration in patients with KOA compared to the healthy subjects. While the

VM-EI evaluates the muscle quality within individual muscles, the ECW/ICW ratio cannot distinguish

the VM muscle from the quadriceps. Although a population-based cross-sectional study [15] has shown

that the ECW/ICW ratio is associated with functional disability in KOA patients, our results suggest

that the ECW/ICW ratio is not sensitive to predicting longitudinal changes. Thus, the VM-EI than the

ECW/ICW ratio was a robust assessment tool for detecting worsened functional disabilities and

symptoms in longitudinal changes.

MRI has the advantage of its highly accurate analysis, but the disadvantage is the time cost of imaging

12
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operation and analysis. On the other hand, ultrasound imaging is a low-cost and convenient method,

and EI via ultrasound imaging reflects intramuscular fat measured by MRI [36]. Thus, the measurement

of EI using ultrasound imaging is recommended to evaluate muscle quality in clinical settings.

Additionally, our findings suggest that the rheumatologist can assess the risk of future worsening

functional disabilities and symptoms by measuring the VM-EI in primary care.

This study had some limitations. First, the sample size of patients who completed the follow-up over 3

years was small. In addition, the participants of this study were all female patients with KOA; thus,

caution should be exercised when generalizing the results. Second, each patient’s medical management

and lifestyle during the follow-up period could not be assessed. Therefore, confounding factors may

have affected the study results. Furthermore, since no age-matched healthy control group was set in the

current study, it was unclear whether our findings were specific to KOA. Future studies must clarify

whether the worsening of functional disabilities and symptoms with the enhanced VM-EI is due to age-

related or disease-specific KOA changes.

In conclusion, the current study’s findings suggest that the enhanced VM-EI was associated with

worsening functional disabilities and symptoms in patients with KOA over 3 years. VM-EI, which can

be easily determined using the ultrasound images in clinical settings, may be useful for predicting future

dysfunction and symptomatic worsening in patients with KOA.
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Table 1. Baseline characteristics of study participants

All patients (n = 33)

No progression group (n = 20)

Progression group (n = 13)

Age,y
Body mass index, kg/m?
Radiographic OA severities
mild, KL =2
severe, KL=3or4
KSS function score, /100
KSS symptom score, /25
Knee extensor strength, Nm
Muscle thickness of vastus medialis, cm
Echo intensity of vastus medialis, a.u.

ECWI/ICW ratio

71.6 (5.3)
24.5 (4.4)

16 (48.5 %)
17 (51.5 %)
68.8 (17.3)
15.5 (5.9)
65.2 (26.6)
1.76 (0.46)
93.3 (12.1)
0.43 (0.14)

72.6 (4.8)
25.7 (4.6)

8 (40.0 %)
12 (60.0 %)
63.2 (17.4)
13.8 (5.7)
60.7 (24.9)
1.83(0.51)
89.1 (11.3)
0.43 (0.12)

70.1 (5.7)
22.7 (3.6)

8 (61.5 %)
5 (38.5 %)
775 (13.8)
18.1 (5.4)
71.8 (28.7)
1.66 (0.39)
99.8 (10.5)
0.43(0.17)

Variables are presented as means (SDs) or n (%).

Abbreviations: OA, osteoarthritis; KL, Kellgren-Lawrence; KSS, knee society score; ECW/ICW, extracellular-to-intracellular water; a.u., arbitrary unit.
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389 Table 2. Univariable and multivariable logistic regression analysis for predicting the presence of progression group

Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age, y 0.91 (0.79 - 1.05) 0.192 —
Body mass index, kg/m? 0.83 (0.68 - 1.01) 0.067 —
Radiographic OA severities, reference = mild ref.

severe 0.42 (0.10 - 1.74) 0.231 —
KSS function score, /100 1.07 (1.01-1.13) 0.032 1.06 (0.97 - 1.15) 0.192
KSS symptom score, /100 1.15 (1.00 - 1.33) 0.050 1.19 (0.97 - 1.46) 0.099
Knee extensor strength, Nm 1.02 (0.99 - 1.05) 0.252 1.01 (0.97 - 1.05) 0.648
Muscle thickness of vastus medialis, cm 0.44 (0.09 - 2.16) 0.314 0.48 (0.05 - 4.77) 0.528
Echo intensity of vastus medialis, a.u. 1.10 (2.01 - 1.20) 0.023 1.13 (1.03 - 1.25) 0.014
ECW/ICW ratio 0.85(0.01 - 143.6) 0.950 5.05 (0.01 - 4884.01) 0.644

390 Multivariable logistic regression analysis was conducted for the dependent variable of the progression/no-progression groups (reference, no progressive group = 0,

391 [n = 20]; progressive group = 1, [n = 13]), with adjustment for the age, body mass index, and radiographic OA severity.

392 Abbreviations: OR, odds ratio; CI, confidence interval; OA, osteoarthritis; ECW/ICW, extracellular-to-intracellular water; a.u., arbitrary unit.
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Table 3. Associations of muscle degeneration on worsening of functional disabilities and symptoms in

patients with KOA
OR (95% CI) p-value
Worsening functional disabilities
Muscle thickness of vastus medialis 0.90 (0.03 - 29.64) 0.954
Echo intensity of vastus medialis 1.24 (1.03 - 1.50) 0.024
ECW/ICW ratio 0.00 (0.00 - 22072.12) 0.480
Age 0.82 (0.60 - 1.13) 0.222
Body mass index 0.84 (0.55 - 1.28) 0.414
Radiographic OA severities 13.16 (0.42 - 416.19) 0.144
Baseline of KSS function 1.15(0.99 - 1.32) 0.065
Worsening symptoms
Muscle thickness of vastus medialis 0.46 (0.02 - 8.65) 0.601
Echo intensity of vastus medialis 1.13(1.01-1.25) 0.029
ECW/ICW ratio 0.66 (0.00 - 2204.49) 0.920
Age 0.87 (0.68 - 1.11) 0.251
Body mass index 0.93(0.71 - 1.23) 0.612
Radiographic OA severities 2.22 (0.18 - 26.90) 0.532
Baseline of KSS symptoms 1.21(0.96 - 1.52) 0.110

Multivariable logistic regression analyses were performed for each subcategory (worsening of functional

disabilities; worsening of symptoms). Logistic regression analyses were conducted with the group

(reference, no-progression group = 0; progression group = 1) as the dependent variable and the VM-MT,

VM-EI, and ECW/ICW ratio as independent variables with adjustment for the age, body mass index,

radiographic OA severity, and baseline KSS scores.

Abbreviations: OR, odds ratio; CI, confidence interval; ECW/ICW, extracellular-to-intracellular water;

OA, osteoarthritis; KSS, Knee Society Score.
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403  Figure Caption

404 Fig. 1 Representative ultrasound images of the vastus medialis muscles in patients with knee osteoarthritis

405 The vastus medialis muscles are visualized as a white zone in the ultrasound image and imply enhanced

406 muscle echo intensity (EI). As the white area within the muscle increases, the EI value increases, with a

407  maximum of 255 (white).

408
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