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To explore the additional value of shear wave elastography (SWE) in chronic obstructive pulmonary disease 
(COPD) patients. Ultrasound elastography of the rectus femoris and patellar tendon was performed to 
determine the mean elasticity index (SWEmean) of the rectus femoris (SWERF) and patellar tendon (SWEPT) 
in 56 patients with COPD and 53 healthy controls. Clinical tests included the COPD Assessment Test (CAT), 
the dyspnea index score (modified British Medical Research Council (mMRC)score), the Five-Repetition Sit-
to-Stand Test(5STS) and the Six-Minute Walk Test (6MWT). We compared differences in SWEmean between 
healthy controls and COPD patients while describing the correlation between SWEmean and clinical tests 
in COPD patients. Both the intra-observer and inter-observer repeatability of SWE performance were 
excellent (all correlation coefficients > 0.75; p < 0.05). There was a statistically significant difference between 
healthy controls and COPD patients in the SWERF and SWEPT between healthy controls and COPD patients 
(p < 0.001). The COPD patients had smaller SWERF and larger SWEPT than healthy controls. The SWERF was 
positively correlated with the 6MWT (r = 0.591, p < 0.001), and negatively related to the mMRC (r = − 0.794, 
p < 0.001), CAT (r = − 0.894, p < 0.001) and 5STS (r = − 0.928, p < 0.001). But the SWEPT was positively related 
to the 6MWT (r = 0.269, p < 0.05), mMRC (r = 0.398, p < 0.05), CAT (r = 0.377, p < 0.05) and 5STS (r = 0.332, 
p < 0.05). SWEmean of COPD patients was statisticant, different from that of healthy controls, and 
associated with clinical tests. SWE was a simple and feasible tool for reflecting the lower limb dysfunction in 
patients with COPD.
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mMRC	� Modified British Medical Research Council Score
CAT	� COPD assessment test
6MWT	� Six-minute walk test
5STS	� Five-repetition sit-to-stand test
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Chronic obstructive pulmonary disease (COPD) is a common, preventable, and treatable condition characterized by 
persistent respiratory symptoms and progressive airflow obstruction1. Quadriceps dysfunction was demonstrable in 
one-third of COPD patients2 and negatively affected the quality of life, morbidity, and mortality3. Previous biochemical 
and histological studies of the quadriceps femoris muscle in COPD patients had shown that its dysfunction was 
caused by oxidative stress, metabolic derangements, and changes in the type of muscle fibers4. Various clinical tests, 
including the Six-Minute Walk Test (6MWT), the Five-Repetition Sit-to-Stand Test (5STS), the COPD Assessment 
Test (CAT), and the modified British Medical Research Council score (mMRC), were performed to reflect the skeletal 
muscle dysfunction of COPD patients. Previous studies3 have shown that skeletal muscle dysfunction can increase 
the patient’s respiratory distress index score [modified Medical Research Council (mMRC) score], decreased exercise 
tolerance, decreased exercise ability, and reduced activity. Therefore, early identification and intervention of skeletal 
muscle dysfunction in COPD patients is essential for improving their quality of life and disease prognosis.

SWE is a simple and novel ultrasonic technique that obtains the SWE value by transmitting and tracking 
shear waves, reflecting the stiffness of the test tissue5. Our previous study6 applied SWE to the stiffness of the 
quadriceps in COPD patients, representing its clinical application potential in COPD patients. Anatomically, the 
patellar tendon is attached directly to the quadriceps femoris, jointly completing functions such as maintaining 
joint stability and knee extension movement. Among the four muscles of the quadriceps femoris, the rectus 
femoris plays a major role in performing related functions. Previous studies7,8 have shown that the patellar 
tendon mechanical properties and quadriceps femoris muscle strength were closely related and interacted.

In this study, SWE was introduced to explore the changes in SWE values of rectus femoris and patellar tendon 
between healthy controls and COPD patients. Meanwhile, the potential value of SWE in clinical parctice was 
explored by comparing SWE values with clinical tests.

Materials and methods
Participants
From August 2021 to February 2022, 56 COPD patients from the Department of Respiratory of the Chengdu 
First People’s Hospital were recruited as the COPD group, and 53 healthy people from health management 
center of the Chengdu First People’s Hospital were matched as the healthy controls. The inclusion criterion 
was a diagnosis of stable COPD based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
criteria1. The exclusion criteria were described below: Patients with bronchial asthma, bronchiectasis, pulmonary 
tuberculosis, interstitial lung disease, lung cancer, pulmonary embolism and other lung lesions; Patients 
suffering from stroke, heart failure, coronary heart disease, hyperthyroidism or hypothyroidism, myasthenia 
gravis, malignant tumors and other conditions that may affect lower limb function; Patients with a history of 
acute COPD episodes or glucocorticoid use within 6 months; Patients with history of lower limb trauma or 
surgery; Athletes or chronic manual workers. This study was approved by the Research Ethics Committee of The 
Chengdu First People’s Hospital (2022,YNYJ,014).

Measurements of the SWE value
A 4-15MHZ linear array transducer and the Aixplorer ultrasound scanning system(SuperSonic Imagine, 
France), which is equipped with conventional two-dimensional ultrasonic function and SWE function, were 
used in this study. Ultrasonography was performed according to the methods of previous studies6. Conventional 
two-dimensional ultrasound was used to determine the course of muscles and tendons and to locate the rectus 
femoris and patellar tendons. Then, the SWE function was performed to measure the SWE value of the rectus 
femoris and patellar tendon (Fig. 1). Repeated measures five times to take the average for further analysis.

Assessment of physical performance (clinical tests)

	1.	� The Assessment of Dyspnea Index Score (Modified British Medical Research Council (mMRC) Score)

�Applying the modified Chinese mMRC scale9, according to the condition under which the patient developed 
dyspnea symptoms, the degree of dyspnea in COPD patients was divided into five grades. From grade 0 to 4, 
the degree of dyspnea worsened.

	2.	� COPD Assessment Test (CAT)

�According to the Chinese version of the COPD assessment test10, the severity of the disease and the health 
status of the patient were reflected by assessing the patient’s cough, expectoration, chest tightness, difficulty 
climbing mountains/stairs, limited home activity, confidence in going out, sleep, and energy.

	3.	� Five-Repetition Sit-to-Stand Test (5STS)

�All COPD patients were participated in the 5STS and performed according to the method11. And recorded 
the time required to complete the experiment. The participant had a one-minute break between each test. 
Each test was repeated three times and the average of the three times was calculated.

	4.	� Six-Minute Walk Test (6MWT)
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�COPD patients should undergo 6MWT according to the American Thoracic Society (ATS)12 guidelines. 
They can slow down or stop to rest when they have shortness of breath, chest pain, or dizziness. If the above 
symptoms are aggravated and not relieved after rest, the test should be stopped immediately. After the test, 
the total walking distance of the tester was recorded in meters.

Statistical analyses
The rank sum test was used to compare the differences of SWE values between healthy controls and COPD 
patients, and p < 0.05 was considered statistically significant. Spearman correlation coefficiens was used to 
analyze the correlations between SWE value and physical performance in COPD patients. Intraclass correlation 
coefficient (ICC) test and Bland–Altman Plot were used to calculate intra-and inter-observer reliability. ICC was 
explained based on relevant guidelines: < 0.40, poor reliability; 0.40–0.75, for fair to good reliability; and > 0.75 
for excellent reliability13.

Results
Basic characteristics
In this study introduced 56 COPD patients and 53 matched healthy people. None of the participants had 
hypertension, diabetes mellitus, stroke, heart failure, coronary heart disease, hyperthyroidism or hypothyroidism, 
myasthenia gravis, or malignant tumors, nor had a history of lower limb trauma or surgery. Patients in the COPD 
group were free of exacerbations in the previous six months. There was no significant difference in gender, age, 
height, weight and BMI between COPD patients and healthy controls, and the results are shown in Table 1.

Healthy Controls
(n = 53)

COPD Patients
(n = 56) P-values

Gender Male/Female 31/22 34/22 0.803

Age (year) 63.85 ± 3.76 64.20 ± 4.07 0.943

Height (cm) 162.70 ± 7.51 160.66 ± 8.06 0.928

Weight (Kg) 64.93 ± 7.94 64.88 ± 7.66 0.975

BMI (Kg m-2) 24.98 ± 3.19 23.13 ± 3.26 0.291

Onset time (year) – 7.00 (3.13,17.00) < 0.001

Table 1.  Basic information of COPD patients and healthy controls.

 

Fig. 1.  Measurement of the SWE value of rectus femoris and patellar tendon between healthy controls 
and COPD patients. (A) Conventional two-dimensional ultrasound image of the quadriceps femoris. (B) 
Measurement of the SWE value of rectus femoris in healthy controls. (C) Measurement of the SWE value of 
rectus femoris in COPD patients. (D) Conventional two-dimensional ultrasound image of patellar tendon. (E) 
Measurement of the SWE value of patellar tendon in healthy controls. (F) Measurement of the SWE value of 
patellar tendon in COPD patients.
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Reliability and repeatability levels of SWE measurements
The intra-examiner and inter-examiner reliability of SWE in assessing rectus femoris and patellar tendon 
stiffness was excellent in 56 COPD patients and 53 controls (ICC > 0.75), as shown in Table 2 and Fig. 2.

Comparison of SWE values of rectus femoris and patellar tendon between COPD group and 
healthy control group
Compare with healthy controls, the COPD patients had smaller SWE values in the rectus femoris and larger 
SWE values in the patellar tendon (Fig. 3), and the difference is statistically significant (p < 0.05) (Table 3).

Correlation between physical performance and SWE values of retus femoris and patellar 
tendon in COPD group
According to Table 4, in COPD patients, the SWERF was positively correlated with 6MWT (r = 0.591, p < 0.001), 
and negatively related to mMRC (r = − 0.794, p < 0.001), CAT (r = − 0.894, p < 0.001) and 5STS (r = − 0.928, 
p < 0.001), and the SWEPT was positively related to 6MWT (r = 0.269, p < 0.05), mMRC (r = 0.398, p < 0.05), CAT 
(r = 0.377, p < 0.05) and 5STS (r = 0.332, p < 0.05) (Fig. 4).

Fig. 2.  Inter-examiner and intra-examiner concordance analysis of rectus femoris and patellar tendon in 
COPD patients. (A) Inter-examiner concordance analysis in rectus femoris in COPD patients. (B) Intra-
examiner concordance analysis in rectus femoris in COPD patients. (C) Inter-examiner concordance analysis 
in patellar tendon in COPD patients. (D) Intra-examiner concordance analysis in patellar tendon in COPD 
patients.

 

Healthy controls COPD patients

Rectus femoris Patellar tendon Rectus femoris Patellar tendon

Intra-examiner

[M (Q1, Q3)] 10.9
(9.475,12.70)

42.36
(38.89,47.06)

6.70
(6.20,7.60)

69.03
(62.57,76.60)

ICC 0.886 0.771 0.898 0.783

P < 0.001 < 0.001 < 0.001 < 0.001

Inter-examiner

[M (Q1, Q3)] 13.4
(12.05,15.3)

42.77
(38.11,45.56)

7.95
(7.00,9.03)

69.45
(62.21,76.63)

ICC 0.914 0.761 0.928 0.790

P < 0.001 < 0.001 < 0.001 < 0.001

Table 2.  Inter-examiner and intra-examiner concordance analysis.
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Discussion
COPD can cause limb muscle dysfunction, which is closely related to physical activity, exercise endurance, 
quality of life, and even survival14. As one of the vital muscle groups in the human body, the quadriceps femoris 
(especially rectus femoris) plays an crucial role in knee extension, maintaining upright posture, and other 
functions. Patellar tendon is closely related to the rectus femoris in anatomy and function. Therefore, rectus 
femoris and patellar tendon were considered study subjects this time.

The SWE was chosen for this study because it has recently been increasingly used in soft-tissue15, tendons16 
and musculoskeletal system17 and can reflect real-time visualization of muscle stiffness distribution18. We 
first tested the reliability and repeatability levels of SWE measurements, and results showed good between 
healthy controls and COPD patients, consistent with previous studies19. Therefore, SWE can be a reliable and 
reproducible tool for measuring the rectus femoris and patellar tendon stiffness.

Results of this study showed that compared with healthy controls, the SWERF in COPD patients was 
decreased, and the SWEPT was increased, which performed the same trend in muscle and tendon stiffness of 
disease associated with lower limb dysfunction such as GNE-related myopathy20, idiopathic inflammatory 

SWERF SWEPT

r P r P

mMRC − 0.794  < 0.001 0.398 0.002

CAT − 0.894  < 0.001 0.377 0.004

6MWT 0.591  < 0.001 0.269 0.045

5STS − 0.928  < 0.001 0.332 0.012

Table 4.  Correlation between SWERF, SWEPT and physical performance in COPD patients. SWERF, SWE value 
of rectus femoris; SWEPT, SWE value of patellar tendon; mMRC, Modified British Medical Research Council 
Score; CAT, COPD assessment test; 6MWT, six-minute walk test; 5STS, five-repetition sit-to-stand test; r, 
correlation coefficient.

 

SWERF SWEPT

COPD patients 6.77(6.28,7.37) 68.52(62.25,77.68)

Healthy controls 11.37(10.22,12.09) 42.56(39.35,45.76)

P < 0.001 < 0.001

Table 3.  Comparison of SWERF and SWEPT between COPD patients and healthy controls. SWERF, SWE value 
of rectus femoris; SWEPT, SWE value of patellar tendon.

 

Fig. 3.  Comparison of SWERF and SWEPT in healthy controls and COPD patients (SWERF, SWE value of 
rectus femoris; SWEPT, SWE value of patellar tendon).
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myopathies21, myositis22, Parkinson’s disease23, patellar tendinopathy 24,25 and so on. In this study, the rectus 
femoris and patellar tendon were regarded as a musculoarticular system to explore whether changes in SWE of 
the lower limb musculoarticular system in COPD patients reflect lower limb dysfunction. To our knowledge, 
no previous studies have investigated the changes in the SWE value of the musculoarticular system in COPD 
patients using SWE, highlighting the importance of our work.

Some clinical tests were used to reflect the physical performance of COPD patients. The patient’s muscular 
endurance was assessed by 6MWT26, the muscle strength was reflected by 5STS27, and mMRC and CAT28 
evaluated the patient’s overall health condition. Results of this study showed that the SWERF of COPD patients 
was positively correlated with 6MWT and negatively related to mMRC, CAT, and 5STS. Still, the SWEPT was 
negatively correlated with 6MWT and positively related to mMRC, CAT, and 5STS. Patients with COPD had 
smaller SWERF and larger SWEPT than healthy controls. In other words, When lower limb muscle function is 
reduced, the 6MWT distance decreases, and the required time of 5STS, the CAT, and the mMRC scores increase, 
which is the same trend as the clinical experimental results caused by SWE changes in the rectus femoris and 
patellar tendon in this study. We believe that the changes in SWE value in the musculoarticular system observed 
in the current work provide novel insights into the comprehension and interpretation of motor dysfunctions 
associated with COPD. That means SWE changes in the musculoarticular system in COPD patients can reflect 
lower limb dysfunction.

Limitations of this study include: Firstly, previous studies29,30 have shown that knee joint angle can affect 
SWE values of the lower limb musculoarticular system, but the SWE values were measured only at a fixed knee 
angle.  In future studies on SWE of the lower limb musculoarticular system, measurement of SWE values at 
different knee angles is needed as a study subject. Secondly, our study did not include a gold standard approach 
to measuring lower limb muscle strength, which would allow direct comparison to SWE value. Thirdly, referring 
to methods of previous research31,32, SWE values of the patellar tendon were measured only at one point in this 
study. The consistency of SWE values of patellar tendons in different parts has not been determined, and further 
investigation is needed to address this issue. Fourthly, this study has several methodological limitations requiring 
acknowledgment. The primary constraints include limited sample size and demographic homogeneity, with the 
cohort predominantly comprising clinically stable COPD patients aged approximately 60 years. Furthermore, 
potential measurement variability in outcome assessments may introduce cumulative error propagation. These 
combined methodological factors could amplify observed correlation coefficients between SWERF and other 
clinical parameters. To address these limitations, we will further validate the experimental findings by expanding 
the sample size, performing balanced matching of the included population, and exploring the correlations in 
COPD patients at different stages.

Conclusion
Changes in SWE values of the lower limb musculoarticular system in COPD patients can reflect lower limb 
dysfunction.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request.

Fig. 4.  Correlation between physical performance and SWERF, SWEPT in COPD patients. (A) Correlation 
between CAT and SWERF. (B) Correlation between mMRC and SWERF. (C) Correlation between 5STS 
and SWERF. (D) Correlation between 6MWT and SWERF. (E) Correlation between CAT and SWEPT. (F) 
Correlation between mMRC and SWEPT. (G) Correlation between 5STS and SWEPT (H) Correlation between 
6MWT and SWEPT (SWERF, SWE value of rectus femoris; SWEPT, SWE value of patellar tendon; mMRC, 
Modified British Medical Research Council Score; CAT, COPD assessment test; 6MWT, six-minute walk test; 
5STS, five-repetition sit-to-stand test).
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