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Background: Muscle atrophy in the dorsal muscle group (DMG) is associated with physical activity (PA) in patients with chronic 
obstructive pulmonary disease (COPD). However, no studies have separately evaluated the erector spinae muscle (ESM) and the 
multifidus muscle (MM) within the DMG, leaving the distinct impact of each muscle on PA unclear.
Purpose: This study evaluated the differences in muscle characteristics between ESM and MM in stable patients with COPD.
Patients and Methods: In Study 1, we evaluated the relationship between the cross-sectional area of ESM (ESMCSA) and MM 
(MMCSA) on chest computed tomography and PA parameters. In Study 2, as a pilot study, we analyzed the muscle fatigue 
characteristics of ESM and MM using a trunk holding test and electromyographic (EMG) power spectrum analysis to evaluate the 
median frequency (MF) slope. We then evaluated the differences in the MF slopes of both muscles in patients with COPD compared 
with healthy subjects.
Results: Of 77 patients with COPD, the MMCSA was positively associated with the duration of PA at ≥3.0 metabolic equivalents 
(METs) (r=0.279, p=0.014), whereas the ESMCSA was negatively associated with the duration of behavior at 1.0–1.5 METs (r=−0.429, 
p<0.001). The MF slopes of the MM were significantly lower in COPD patients (n=7) than in healthy subjects (n=28) (p<0.01), 
indicating greater fatigue, with no significant differences in MF slopes for ESM or trunk extension holding time.
Conclusion: These results indicate that the functional characteristics of the ESM and MM differ in COPD patients. MM was mainly 
associated with moderate-to-vigorous PA and involved greater fatigue in COPD patients compared to healthy subjects, while the ESM 
was mainly associated with sedentary behavior.

Plain Language Summary: This study investigated the differences in the functional characteristics of the erector spinae muscles 
(ESM) and multifidus muscles (MM) in patients with chronic obstructive pulmonary disease (COPD) and the differences in the 
relationship between both muscles and physical activity (PA). In Study 1, the cross-sectional area (CSA) of MM analyzed by chest CT 
was positively correlated with the duration of moderate to vigorous PA (≥3.0 metabolic equivalents (METs)), suggesting a role in 
dynamic trunk stability such as walking. On the other hand, the CSA of ESM was negatively correlated with the duration of sedentary 
behavior (1.0-1.5 METs), reflecting its role in maintaining a static posture such as sitting. In Study 2, the muscle fatigue of MM was 
greater in patients of COPD than in healthy subjects, but that of ESM was not significantly different between both groups. These 
findings suggest that ESM and MM may play different roles in physical performance. This study provides valuable insight into the role 
of spinal muscles in patients with COPD and the implementation of rehabilitation to improve PA. Understanding the characteristics of 
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ESM and MM in patients with COPD may help to optimize treatment interventions and improve quality of life. 

Keywords: COPD, dorsal muscle group, physical activity, electromyography, muscle fatigue, trunk holding test

Introduction
Patients with stable chronic obstructive pulmonary disease (COPD) show structural changes in muscle fibers and muscle 
atrophy.1,2 Muscle weakness due to muscle atrophy directly affects patients’ quality of life (QOL) and has a prognostic 
impact on life expectancy.3 Various factors contribute to muscle atrophy in patients with COPD, including smoking, 
aging, genetic background, chronic hypoxia, hypercapnia (acidosis), chronic systemic inflammation, poor nutrition, and 
consequent physical inactivity.4 Both muscle mass and strength are involved in physical activity (PA),5–7 which is 
considered a strong predictor of all-cause mortality in COPD,8–10 and improvement in these facets is an important 
management goal.11

Recently, it has been reported that the cross-sectional area (CSA) of the dorsal muscle group (DMG) measured by 
chest computed tomography (CT) is associated with PA and disease prognosis in patients with COPD,12 and the rate of 
decrease in the CSA of the DMG (DMGCSA) is associated with the COPD prognosis.13 The DMG mainly includes the 
erector spinae muscle (ESM) and the multifidus muscle (MM). In previous reports on COPD, both muscles were included 
as measurement targets,12–14 but no reports have investigated the relationship between the CSA of ESM (ESMCSA) and 
MM (MMCSA) and physical activity.

The trunk holding test was developed by Sorensen to assess the functional capacity of the DMG.15 It is a noninvasive 
and reliable method to measure muscle fatigue of ESM and MM separately when combined with electromyographic 
power spectrum analysis.16 However, the differences in muscle properties of ESM and MM measured by the trunk 
holding test in patients with COPD are still unknown.

Although, there are no reports examining the characteristics of ESM and MM separately in COPD, in Parkinson’s 
disease, muscle fatigue in ESM is caused by a combination of increased type 1 fibers, a decreased mitochondrial 
function, and muscle weakness.17 In patients with lower back pain, MM muscle atrophy is associated with chronic 
lower back pain18,19 and in asymptomatic subjects, MM is significantly larger than in patients with chronic low back 
pain.20

This study investigated the differences in ESM and MM characteristics in patients with stable COPD. Study 1 
examined PA-related differences between both muscles in terms of CSA on chest CT. Furthermore, Study 2 examined the 
differences in fatigue characteristics between the two muscles in a pilot study.

Subjects and Methods
Patients
Study 1
The data were obtained from the baseline data of a multicenter, randomized, parallel group, controlled study. Patients 
with stable COPD ≥40 years old were recruited for this study. COPD was defined as a post-bronchodilator forced 
expiratory volume in one second (FEV1)/forced vital capacity (FVC) < 70% and exclusion other diseases. The exclusion 
criteria were as follows: 1) patients who required oxygenation during the daytime, 2) patients with clinically obvious 
bronchial asthma symptoms, 3) patients with a history of exacerbation within three months, 4) patients whose PA was 
extremely suppressed by diseases other than COPD, and 5) patients judged unsuitable for registration by the physician. 
Recruitment was performed at five institutes, including Osaka Metropolitan University, Saga University, Yamaguchi 
University, Wakayama Medical University, and NHO Wakayama Hospital, from June 2022 to January 2023.

Written informed consent was obtained from all participants. This study was approved by the ethics committee of 
NHO Wakayama Hospital (approval number: 03-06; approval date: October 26, 2021) and registered with UMIN-CTR 
(UMIN000046390, November 24, 2021).
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Study 2
Patients with COPD who attended Wakayama Medical University Hospital were recruited. The inclusion criterion was 
a post-bronchodilator FEV1/ FVC < 70%, and the exclusion criteria were as follows: 1) patients who could not fulfill the 
purpose of this study; 2) patients who could not walk independently; 3) patients who had comorbidities affecting 
walking, such as cardiac, peripheral arterial, cerebral, or neurological diseases; 4) patients who could not tolerate 
performing the trunk holding test; 5) patients who had other diseases that may cause airflow obstruction, such as 
bronchial asthma, bronchiectasis, or pulmonary tuberculosis; and 6) patients who were currently being treated for 
thoracolumbar spine diseases.

This study was conducted between December 2019 and November 2021. It was approved by the Wakayama Medical 
University Ethics Review Committee (Approval No. 2789) and was conducted in accordance with the Declaration of 
Helsinki. Written informed consent was obtained from all participants. For healthy subjects, data were used from the, 
“Investigation of the Efficacy of Exercise Intervention for Degenerative Degeneration of Paraspinal Muscles”, conducted 
under the approval of the Ethics Review Committee of Wakayama Medical University in September 2015 (Approval 
No. 1677) with written informed consent.

Outcome & Measure
Study 1
Patient demographics, the smoking history, modified Medical Research Council (mMRC), a chronic obstructive pul-
monary disease assessment test, post-bronchodilator spirometry, chest high-resolution computed tomography (HRCT), 
and PA assessed using accelerometers were evaluated. The correlation between PA or sedentary behavior (SB) 
parameters and the DMGCSA, ESMCSA, MMCSA, or CSA of the pectoralis muscle (PMCSA) was evaluated. Differences 
in the relationship of PA or SB parameters between the ESMCSA and MMCSA were assessed.

Study 2
This pilot study evaluated the differences in fatigue properties between ESM and MM. For patients with COPD, 
demographics, smoking history, mMRC dyspnea scale, and post-bronchodilator spirometry were evaluated. Only patient 
demographics were obtained for healthy subjects. To evaluate the fatigue characteristics of the ESM and MM separately, 
a trunk holding test was performed. The blood pressure, heart rate, and transcutaneous blood oxygen saturation were 
measured before and after the trunk holding test. The endurance time and median frequency (MF) slope from an 
electromyogram in the ESM and MM were compared between patients with COPD and healthy subjects.

CSA of Muscles on HRCT
The CSA of these muscles was measured according to previous reports.12,21,22 In brief, the DMGCSA, ESMCSA, and 
MMCSA were measured using a single axial slice of the CT scan obtained at the inferior margin of the 12th thoracic 
vertebra (Th12), and the PMCSA was measured above the aortic arch. An analysis was performed using Synapse Vincent 
(FUJIFILM Medical Co., Ltd., Tokyo, Japan). The left and right muscles were identified using predefined attenuation 
ranges of −50 and 90 hounsfield units and were manually shaded. The DMGCSA, ESMCSA, MMCSA, and PMCSA were 
calculated as the sum of the left and right muscles, respectively (Figure 1).

Figure 1 Technique for measuring the cross-sectional area of the erector spinae and multifidus muscles. The green region is used as an indicator of each muscle. (A) The 
cross-sectional area of the dorsal muscle group, (B) cross-sectional area of the erector spinae muscle, and (C) cross-sectional area of the multifidus muscle.
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PA and SB Measurement
A tri-axial accelerometer (HJA-750C Active style Pro; Omron Healthcare, Kyoto, Japan) was used to evaluate PA and 
SB. Subjects were instructed to wear an accelerometer on their waist for 14 consecutive days, with measurements made 
from the time they woke up to the time they went to bed (except during bathing and underwater activities), and to fill out 
a diary at the same time. Data from rainy days, days with special activities, and days with <8 h of accelerometer wearing 
time were excluded, and patients who had data from at least 3 valid days were considered valid cases. The non-wearing 
time was defined as the condition of 0 metabolic equivalents (METs) for more than 90 consecutive minutes (activity 
recordings within 2 minutes of 0 METs for 30 consecutive minutes before and after were evaluated as artifacts) based on 
the triaxial accelerometer data every 10 seconds.23 As PA parameters, the step count and the durations at ≥3.0 METs and 
≥2.0 METs were employed, and as an SB parameter, the duration at 1.0–1.5 METs was employed. The mean value of 
each parameter from valid days was defined as the representative data for each patient.

Trunk Holding Test
The trunk holding test was performed as previously reported.17 In brief, subjects were placed in a prone position on two 
connected elevated treatment beds, with the upper body placed on one treatment bed and the lower body below the 
superior anterior iliac spine on the other treatment bed, with the thigh, lower leg, and ankle joints secured with three 
straps. Only the upper-body treatment bed was lowered, and the subject was instructed to hold their trunk horizontally 
with the upper body off the treatment bed. The study was terminated when the participant was unable to maintain the 
upper body in a horizontal plane despite strong verbal encouragement (defined as a decrease in height of at least 2 cm in 
2 seconds).

The endurance time was recorded with a stopwatch and used as an indicator of isometric endurance of the trunk 
extensors. During the trunk extension retention test, electromyographic activity was monitored using an MQ air (Marq- 
Medical of Denmark, Farum, Denmark) according to previously published methods.24 In brief, a pair of silver chloride 
surface electrodes were placed on the ESM located 3 cm lateral to the lumbar spinous process at the L1 level and on the 
MM located at the L5 level parallel to the line connecting the posterior end of the superior spinous process and the L1-L2 
spine (Figure S1).25 The diameter of the recording electrodes was 10 mm, and the bipolar electrodes were 2 cm apart. 
Signals were digitized with a bandpass filter (8–500 hz) and A/D converter/Vital Recorder2 (Kissei Comtec, Nagano, 
Japan) and stored on a computer at a sampling rate of 2000 hz. The MF indices from the electromyogram signal were 
plotted for each time point using the KinemaTracer fast Fourier transform spectral analysis software program (Kissei 
Comtec). Linear regression analysis was applied to the MF time series (MF as a function of time) to calculate the MF 
slope, which was the intercept of the regression line between MF and time (Figure S2).

Statistical Analysis
The normality of the data distribution was assessed using the D’Agostino-Pearson test. Comparisons of patient 
characteristics were made using Fisher’s exact test or Mann–Whitney U-Test. The relationship between the PA or SB 
parameters and CSA for each muscle obtained via CT was assessed using Pearson’s or Spearman’s correlation 
coefficients. Comparisons of the MF slope of the MM or ESM and endurance time in the trunk holding test between 
COPD and healthy subjects were assessed using the Mann–Whitney U-test. Statistical analyses were performed using the 
GraphPad Prism 7 (GraphPad Software Inc., La Jolla, CA, USA) or IBM SPSS Statistics (IBM Japan, Tokyo, Japan) 
software program, with a significance level of <5%.

Results
In Study 1, 80 patients with COPD were recruited, of whom 3 were excluded, so 77 were included in the analysis 
(Figure 2). Included patients were 74.3 years old, there were 73 males (94.8%), and they had an FEV1% of the predicted 
(FEV1%pred) 65.9% with the Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage of I/II/III/IV in 14/ 
48/10/5, respectively (Table 1). Regarding the relationship between PA or SB parameters and muscle CSA on CT, the 
DMGCSA was positively correlated with the duration at ≥3.0 METs and ≥2.0 METs and negatively correlated with the 
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duration at 1.0–1.5 METs. Regarding the DMGCSA, the ESMCSA was only correlated with the duration at 1.0–1.5 METs, 
and the MMCSA was only correlated with the duration at ≥3.0 METs. The PMCSA was not correlated with any of these 
parameters (Table 2).

Figure 2 Flow diagram.

Table 1 Patient’s Characteristics (Study 1)

n=77

Age 74.3±6.6

Sex (Male/Female) 73/4
Body mass index (kg/m2) 22.5±3.0

Smoking history (Pack-years) 59.4±38.5

GOLD stage I/II/III/IV, (n) 14/48/10/5
mMRC scale (0/1/2/3/4) 27/25/13/11/1

CAT 9.51±6.31

Pulmonary function
IC (L) 2.15±0.46

FEV1 (L) 1.72±0.56

FVC (L) 3.06±0.70
FEV1/FVC (%) 55.6±10.8

FVC %pred (%) 90.6±18.7

FEV1%pred (%) 65.9±19.8
DMGCSA (mm2) 3527.2±590.8

ESMCSA (mm2) 3180.2±560.9

MMCSA (mm2) 347.0±56.4
PMCSA (mm2) 3115.2±675.9

Step count (steps) 4211.8±2606.4

≥2.0 METs (min) 187.9±71.7
≥3.0 METs (min) 52.1±29.5

1.0–1.5 METs (min) 395.5±122.5

Notes: Data are presented as the mean ± standard 
deviation. 
Abbreviations: mMRC, modified Medical Research Council; 
CAT, chronic obstructive pulmonary disease assessment test; 
IC, inspiratory capacity; FEV1, forced expiratory volume in 
one second; FVC, forced expiratory volume; FVC %pred, 
forced vital capacity percent of predicted value; FEV1%pred, 
forced expiratory volume in one second percent of predicted 
value; DMGCSA, cross-sectional area of dorsal muscle group; 
ESMCSA, cross-sectional area of elector spine muscles; 
MMCSA, cross-sectional area of multifidus muscles; PMCSA, 
cross-sectional area of pectoralis muscles; METs, metabolic 
equivalents.
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In Study 2, there was a significant difference in sex ratios between patients with COPD and healthy subjects 
(p<0.001), but there was no marked difference in age. In cases of COPD, FEV1%pred was 81.3%, and the GOLD 
stage was I/II/III/IV in 3/3/1/0, respectively (Table 3). The MF slopes, calculated as the intercept of the regression line 
between MF and time, of both the right and left MM were significantly lower in COPD patients than in healthy subjects, 
but those of the ESM showed no significant difference (Figure 3). Furthermore, the endurance time in the trunk holding 
test was not significantly different between patients with COPD and healthy subjects (Figure S3).

Discussion
In this present study, we found that the MMCSA was positively correlated with the duration of moderate-to-vigorous PA 
(MVPA, ≥3 METs), while the ESMCSA was negatively correlated with the duration of SB (1.0–1.5 METs). The DMGCSA 

correlated with both PA and SB, suggesting that the MM and ESM may have distinct roles in the DMG. In addition, the 
muscle fatigue characteristics indicated by the slope of the MF were lower in the MM of COPD patients than in healthy 
people. However, no significant difference was found in the ESM.

The MMCSA was positively correlated with the duration at ≥3 METs, which may highlight its role in dynamic trunk 
stabilization during MVPA, such as walking and cycling. Conversely, the ESMCSA was negatively correlated with the 
duration at 1.0–1.5 METs, such as lying down or sitting, which may reflect reduced muscle activation in these static 

Table 2 Correlation Between Physical Activity and the Cross-Sectional Area of 
Muscles

DMGCSA ESMCSA MMCSA PMCSA

r p r p r p r p

Step count 0.169 0.141 0.155 0.179 0.197 0.086 0.188 0.102
≥3.0 METs 0.245 0.032 0.220 0.054 0.279 0.014 0.197 0.087

≥2.0 METs 0.239 0.037 0.222 0.052 0.152 0.188 −0.197 0.087

1.0–1.5 METs −0.426 <0.001 −0.429 <0.001 −0.199 0.083 −0.177 0.123

Abbreviations: DMGCSA, cross-sectional area of the dorsal muscle group; ESMCSA, cross-sectional area of 
the elector spine muscles; MMCSA, cross-sectional area of the multifidus muscles; PMCSA, cross-sectional area 
of the pectoralis muscles; METs, metabolic equivalents.

Table 3 Patient’s Characteristics (Study 2)

COPD Healthy Subjects p-Value

Age (years) 77.0 ± 5.1 72.9 ± 4.9 0.08
Sex (Male/Female) 6/1 1/27 <0.001

Body mass index (kg/m2) 23.8 ± 2.7 22.9 ± 2.8 0.59
Smoking history (pack・years) 44.4 ± 50.0

Non/ex/curr, (n) 1/1/5

GOLD stage I/II/III/IV, (n) 3/3/1/0
mMRC 0/1/2/3/4, (n) 3/2/2/0/0

Pulmonary function

IC (L) 2.32 ± 0.50
FEV1 (L) 1.95 ± 0.78

FVC (L) 3.31 ± 0.81

FEV1/FVC (%) 57.2 ± 13.4
FVC %pred (%) 109.3 ± 22.8

FEV1%pred (%) 81.3 ± 29.7

Notes: Data are presented as the mean ± standard deviation. 
Abbreviations: IC, inspiratory capacity; FEV1, forced expiratory volume in one second; FVC, 
forced expiratory volume; FVC %pred, forced vital capacity percent of predicted value; FEV1% 
pred, forced expiratory volume in one second percent of predicted value.
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postures.26,27 Prolonged inactivity can lead to chronic deactivation of the ESM, contributing to muscle atrophy,28 which 
aligns with our findings of a negative correlation between the ESMCSA and SB.

Tanimura et al12 reported that correlations between the ESMCSA and step count; however, “their ESMCSA” measure-
ment included both the MMCSA and ESMCSA, meaning that “their ESMCSA” was the same as the DMGCSA in the current 
study. Although the DMGCSA did not correlate with the step count in our report, it did correlate with the duration at ≥3 
METs, one of the PA parameters, which was compatible with their results.

We observed no significant correlation between the PMCSA and any PA or SB parameter. Previous studies have shown 
that upper limb muscle strength is less affected by PA than lower limb or trunk muscle strength in healthy subjects.29 In 
patients with COPD, lower limb muscle weakness is more likely to occur than upper limb muscle weakness than in 
healthy subjects,2 and lower limb muscle strength in COPD is strongly associated with a reduced exercise capacity.30 

These previous reports suggested that the upper limb muscle may be less strongly associated with PA in COPD than in 
healthy patients. This is consistent with our findings, in which the PMCSA was not correlated with PA or SB. Another 
study suggested that grip strength correlates with PA in patients with COPD and a good nutritional status.7 However, they 
also demonstrated no correlation between grip strength and PA in patients with COPD and a poor nutritional status. 
Although we did not assess the nutritional status, our cohort might have included patients with a relatively poor 
nutritional status.

The MF slope of the MM in COPD patients was reduced compared to that in healthy subjects, suggesting that the 
MM is more prone to fatigue in this population. MM is classified as a local muscle primarily responsible for stabilizing 
the spine during dynamic activities. Unlike the ESM, which generates significant force for spinal extension, the MM 
collaborates with other trunk muscles, such as the transversus abdominis, diaphragm, and pelvic floor muscles, to resist 
lumbar flexion.31–33 In patients with COPD, dynamic hyperinflation flattens the diaphragm, making it difficult to 

Figure 3 A comparison of the MF slope in the erector spinae and multifidus muscles. (A) Right spinal erector spinae, (B) Left spinal erector spinae, (C) Right multifidus 
muscle, (D) Left multifidus muscle. 
Note: ** p<0.01. 
Abbreviations: MF slope, median frequency slope; HS, healthy subjects; n.s., not significant.
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maintain intra-abdominal pressure and stabilize the trunk.34 The observed decline in the MF slope of the MM in COPD 
patients might reflect decreased spinal stability and a compromised diaphragm function, both of which are key 
characteristics of COPD. Although the MM typically comprises fatigue-resistant type I muscle fibers, the decline in 
MF slope may indicate a shift in the muscle fiber composition or quality in patients with COPD.35–37 This may be 
influenced by the fact that fatty infiltration within the muscle occurs even in cases of mild COPD.38

The MF slope of the ESM did not differ markedly between COPD patients and healthy subjects, suggesting that ESM 
endurance was maintained in COPD patients. In addition, there was no marked difference in endurance time between 
COPD patients and healthy subjects, suggesting that muscle endurance in the trunk holding test is mainly determined by 
ESM activity. The ESM is a global muscle that supports spinal extension and functions as a muscle that maintains an 
anti-gravity posture.31 Most of the recruited patients with COPD in Study 2 had mild or moderate stages of the disease. In 
the early stages of COPD, the ESM function might be maintained to the same extent as in healthy subjects, but muscle 
fibers in the MM, which are affected by the diaphragm function, might be altered.

Sung et al reported significant improvements in the MM function and reductions in low back pain in patients with low 
back pain through a 4-week spinal stabilization exercise program designed to improve MM contractile capacity.39 On the 
other hand, there are reports that the muscle activity of the ESM is increased by strength training such as back extension 
and deadlift.40 Therefore, it may be important to evaluate MM and ESM separately, and to implement a spinal 
stabilization program for patients with decreased MM and a strength training program for patients with decreased ESM.

Several limitations associated with the present study warrant mention. First, In study 1, the MMCSA at the Th12 level 
was considerably smaller than that of the ESMCSA, so measurement errors may have occurred. In the present studies, the 
MMCSA and ESMCSA were measured at the Th12 level, as reported in previous studies on DMGCSA. However, since 
some studies measured the MMCSA at the lumbar spine level, it is possible that the MMCSA needs to be measured at the 
lumbar spine level to obtain more accurate measurements.41 This point should be considered in future studies. Second, 
Study 1 focused on the relationship between masses and PA or SB in patients with COPD, but other factors, such as the 
cardiopulmonary function, nutritional status, and medication use, may also influence PA or SB. As these factors were not 
accounted for, conclusions regarding the direct impact of muscle changes on PA or SB may be limited. Third, the sample 
size of the COPD patients in Study 2 was small, which may have limited the generalizability of the results. A larger 
sample size would provide more robust results. Fourth, there was a significant sex imbalance between the COPD and 
healthy groups, with more men in the COPD group and more women in the healthy group in Study 2. Previous studies 
have indicated that sex differences in MF slope are negligible in the elderly,42 suggesting that the observed differences in 
the MF slope of MM were likely disease-related rather than gender-related. Fifth, although the recruited patients with 
COPD in Study 2 were primarily in the mild to moderate stages, it is possible that muscle fatigue patterns differ in 
patients with more severe COPD. Although it may be difficult to conduct the trunk holding test in patients with severe or 
very severe COPD, evaluating muscle fatigue in these patients remains important.

Conclusion
In COPD patients, MM was associated with a duration at ≥3.0 METs whereas ESM was associated with a duration at 
1.0–1.5 METs, and MM in COPD patients was more likely to cause fatigue than in healthy subjects, thus indicating that 
the two muscles have different characteristics in physical activity.
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