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AbstRACt

background and aims Malnutrition and sarcopenia are common nutrition(-related) disor-
ders in patients with COPD and are associated with negative health outcomes and mortality. 
This study aims to correlate ultrasound measured rectus femoris size with fat-free mass and 
muscle function in patients with COPD.

Methods Patients with COPD, at the start of a pulmonary rehabilitation program, were 
asked to participate in this study. Rectus femoris (RF) size (thickness in cm, cross-sectional 
area [CSA] in cm2) was determined by ultrasound (Philips VISIQ). Fat-free mass index 
(FFMI in kg/m2) was estimated with bioelectrical impedance analyses, using a disease-
specific equation. Handgrip strength (HGS) was measured in kilograms and the five times 
sit to stand test (in seconds, higher scores indicating decreased strength) was performed to 
assess leg muscle power. The Incremental Shuttle Walk Test (ISWT, in m) was used to assess 
maximal exercise capacity.

Results In total, 44 patients with COPD (mean age 59.8±8.6 years, 43% male, median 
FEV1%pred 37 [IQR=23-52]) were included. Greater RF-CSA and thickness were associated 
with higher FFMI (r=0.572;r =0.526, respectively) and HGS (CSA r=0.584, thickness r=0.475). 
No significant correlations between RF- thickness, CSA, and leg muscle power were found  
(r=-0.332; r=-0.351, respectively). Furthermore, no correlation between RF size and maxi-
mal exercise capacity was observed (thickness r=0.213, CSA r=0.223).

Conclusions This exploratory study shows that in patients with COPD, rectus femoris 
size is moderately strong correlated with FFMI and HGS. These findings may indicate that 
ultrasound may play an important role in the evaluation of nutritional status.
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IntRoDuCtIon

Chronic Obstructive Pulmonary Disease (COPD) is a complex disease, involving more than 
airflow limitation.1-3 The disease burden is largely determined by extra-pulmonary impedi-
ments, such as impaired muscle function. Loss of muscle mass and impaired muscle func-
tion are key characteristics of both malnutrition and sarcopenia.4,5 In patients with COPD, 
both malnutrition and sarcopenia are highly prevalent, with estimates ranging from 11% 
to 62% for malnutrition6-9, and 23% for sarcopenia.2,9 In this population, in particular the 
assessment of lower extremity muscle mass has become of interest, since depletion of lower 
extremity muscle mass is associated with poorer physical function10,11, whereas depletion of 
the muscles in the upper body are more prone to nutritional deficits.12

Methods used for the assessment of lower extremity muscle mass are, for example, dual-
energy absorptiometry (DXA) and segmental bioelectrical impedance analysis (BIA). DXA 
is a valid and reliable method, however, high costs and limited access to the equipment may 
preclude its use in clinical practice.13 BIA, on the other hand, is a reliable method, but its 
validity is limited and strongly relies on the type of equation that is used.14,15 Alternatively, 
ultrasound is a valid and reliable method that facilitates both quantification and qualifi-
cation, e.g., evaluation of the amount of intramuscular fat, of peripheral muscles.16,17 In 
general, little is known about the relationship between peripheral muscle size and (whole 
body) muscle mass, but also about the association between muscle size and muscle func-
tion. A few studies in patients with COPD, have shown that ultrasound measured rectus 
femoris size is moderately related to fat-free mass18,19, and muscle function, e.g., quadriceps 
strength18-21, and physical performance.20,21 However, the measurement methods used for 
the assessment of muscle function in these studies are not used in clinical practice. In clini-
cal practice, handgrip strength, the five times sit to stand test, and the Incremental Shuttle 
Walk Test (ISWT) are commonly used for the assessment of muscle function.22,23 To the 
best of our knowledge, no studies have focused on the relationship between ultrasound 
measured muscle size and these tools used in daily practice for the assessment of muscle 
function. Therefore, this study aims to study the relationship between ultrasound measured 
muscle size and fat-free mass and muscle function in patients with COPD.  

MAteRIAls AnD MethoDs

Design and setting
This study was part of a larger observational study on disease-related malnutrition, frailty, 
and disability in patients with COPD. For this study, data collected between March 2015 
and January 2017 were used. Recruitment, written informed consent, and study procedures 
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were approved by the Medical Ethical Committee of the University Medical Center Gronin-
gen (reference 2014/432). This study was registered in the Dutch Trial register (NTR5107).

Population
Adult patients with COPD starting a pulmonary rehabilitation program of nine weeks 
were recruited from the University Medical Center Groningen, Center for Rehabilitation. 
Participants were included if they were aged 40 years and older, were able to understand and 
speak the Dutch language, were diagnosed with COPD by a pulmonary physician, if they 
were attending the full rehabilitation program, and were not wheelchair bound. Participants 
with a pacemaker, undergoing palliative treatment, or having skin problems, or with any 
contra-indication for physical activities or severe cognitive disabilities were excluded from 
participation in the study. 

Measurements

ultrasound
Ultrasound measurements were performed by two dietitians and one undergraduate dieti-
tian, who were trained in muscle ultrasound. Portable B-mode ultrasound (Philips, VISIQ) 
with a 5.0 MHz curved-array transducer was applied to obtain transverse images of the 
rectus femoris. All measurements were performed on the right leg, with the participant in 
a supine position. During the measurements, the participants were instructed to relax their 
leg muscles. Measurements were taken at half point of length between epicondylus lateralis 
and trochanter major of the femur. Minimal transducer pressure was applied to avoid 
compression of the muscle. Two independent ultrasonographers subsequently analyzed the 
ultrasound images. Rectus femoris size was assessed in two ways: thickness (in cm) and 
cross-sectional area (CSA, in cm2). The measurements were performed from the frozen ul-
trasound on-screen images using the inbuilt software. Rectus femoris thickness was defined 
as the distance between the superficial and the deep aponeurosis. For the assessment of the 
CSA, the fascial borders of the rectus femoris were identified and an automatic ellipse/-
region of interest was used. The mean value of three consecutive measurements of rectus 
femoris thickness and CSA was recorded.

FFM
Fat-free mass was measured using multi-frequency BIA (Quadscan 4000,Bodystat).24 
FFM was estimated using the disease-specific Rutten equation25:  

 FFM (kg) = -11.81 + 0.245 x weight + 0.298 x height2 / impedance + 0.148 x height + 
5.248 x gender (1 for male, 0 for female)
Fat- free mass index (FFMI) (kg/m2) = total fat free mass / height2
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Muscle function

handgrip strength
Handgrip strength was determined with a JAMAR handheld dynamometer. Measurements 
were performed three times per side. The best performance of either the right-hand or the 
left-hand side was used and defined as the maximum handgrip strength in kilograms.26 

leg muscle power
The five times sit to stand test was used to determine leg muscle power (seconds).27 Partici-
pants were asked to stand up five times from a height-adjustable chair without armrests as 
fast as possible, without using the arms for support. During the test, the participants were 
asked to cross their arms across their chest. The five times sit to stand test was completed 
after the participants’ final stand-up. Leg muscle power was measured as the amount of time 
taken to rise from the chair and was expressed in seconds, with higher scores indicating 
decreased power. 

Maximal exercise capacity
The Incremental Shuttle Walk Test (ISWT) was used to measure maximal exercise capacity 
(meters).28 Participants were instructed to walk a 10 meter course for as long as possible. 
The walking speed was progressively increased and was externally controlled with acoustic 
signals. Participants had to reach the end of the course in time before the audio signal. The 
test was ended if they failed to do so, or when they indicated they were exhausted. Maximal 
exercise capacity was expressed in meters. 

statistical analyses
The Shapiro-Wilk test was used to evaluate data for normal distribution. Categorical 
variables were expressed as relative frequencies and continuous variables were pre-
sented as the means ± standard deviations (SD) or median and interquartile range 
(IQR) for non-normally distributed variables. Correlations were tested using Pearson 
coefficients (normally distributed data) or Spearmans rho (not-normally distributed data).  
For the ultrasound measurements, the inter-rater measurement reliabil-
ity, i.e., reliability of solely the analyses of the ultrasound images, was determined by 
Intra-class Correlation Coefficients (ICC) and Bland-Altman plots. Rater 1 had more 
than four years, and Rater 2 had one year experience in muscle ultrasound. Excel-
lent agreement between the raters is defined as an ICC score of ≥ 0.81.29 In case of 
excellent agreement, the measurements of Rater 1 were used for further analyses.  
All statistical analyses were performed using the Statistical Package for Social Sciences ver-
sion 23.0 (SPSS Inc., Chicago, IL, USA). The level of statistical significance was set at p<0.05.
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Results

Of the 84 patients who agreed to participate in the larger observational study and met the 
inclusion criteria, ultrasound was performed in 44 patients (Table 1). The mean age of the 
study population was 60.2±9.0 years of which 19 (43%) were men, and the median FEV1 
was 0.96 L (IQR=0.80-1.49). No participants were classified as GOLD stage I, 34% were 
classified as GOLD stage II, 34% as GOLD stage III and 32% as GOLD stage IV. 

table 1 General characteristics of the study population (N=44) 

Male 19 (43)

Age (y), mean (sD) 60.2 (9.0)

smoking 

No 1 (2) 

Former 28 (64) 

Current 15 (34) 

Pulmonary function

FEV1 (L) 0.96 (0.80-1.49) 

FEV1 (% predicted) 38.0 (27.0-55.8) 

FEV1/FVC (%) 39.0 (30.3-48.0) 

GolD 2011 classification 

Mild 0 (0) 

Moderate 15 (34) 

Severe 15 (34) 

Very severe 14 (32) 

bMI (kg/m2), mean (sD) 26.32 (6.53)

FFMI (kg/m2) mean (sD)
n=37

17.24 (2.76)

Five times sit to stand (sec)
n=39

14.85 (11.2-18.7)

Data are presented as N (%) or median  
(interquartile range), unless otherwise stated.  
BMI, body mass index; FEV, forced expiratory volume; FFMI, fat free mass index

Ultrasound measured rectus femoris thickness (ICC=0.94, 95%CI: 0.91-0.94) and  
CSA (ICC=0.87, 95%CI:0.73-0.94), showed excellent inter-rater measurement relia bility. 
Bland-Altman analysis demonstrated a smallsystematic error of 0.11 cm between the 
observers and 0.09 cm2 for measuring muscle thickness and muscle CSA, respectively 
(Figure 1).  
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Of the 44 patients with available ultrasound images, 30 ultrasound images (68%) 

were used for the analysis. Fourteen ultrasound images could not be interpreted, due to 
decreased definition of the rectus femoris. No statistical significant differences in age, BMI, 
FFMI, triceps skinfold, or severity of COPD were found between the patients of which 
ultrasound images could be interpreted and those of which the images could not be inter-
preted (p=0.787, p=0.812, p=0.885, p=0.903 and p=0.693, respectively). 

Muscle size in relation to FFM and muscle function
Mean muscle thickness was 1.81±0.40 cm for males and 1.58±0.28 cm for females (p=0.086) 
(Table 1). Patients with (very) severe COPD had lower rectus femoris CSA (8.15±2.89 cm2) 
and thickness (1.66±0.36 cm) compared to patients with moderate COPD (CSA: 8.66±2.74 
cm2; thickness: 1.72±0.35 cm), although this difference was not statistically significant 
(p=0.65 and p=0.68). Higher FFMI was associated with greater rectus femoris CSA and 
thickness (r=0.572, p= 0.001 and r=0.526, p=0.003, respectively) (Figure 2 and 3). In pa-
tients with moderate COPD, the correlation between rectus femoris thickness and FFMI 
(r=0.70, p=0.015), was stronger than in patients with (very) severe COPD (r=0.40, p=0.08). 
Furthermore, rectus femoris CSA and thickness were correlated with handgrip strength 
(r=0.584, p<0.001; r=0.475, p=0.009, respectively). Rectus femoris CSA and thickness were 
not significantly correlated with leg muscle power (r=-0.351, p=0.073 and r=-0.332, p=0.09, 
respectively). Furthermore, we did not observe a correlation between rectus femoris muscle 
size and maximal exercise capacity (thickness: r=0.213, p=0.297; CSA: r=0.223, p=0.274) 
(Table 2).
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table 2 Correlations of rectus femoris thickness and CsA with muscle strength and mass.  

Muscle thickness (in cm) Muscle CSA (in cm2)

r p-value r p-value

SMI (kg/m2) 0.553 0.002* 0.569 <0.001*

Handgrip strength (kg) 0.475 0.009* 0.584 <0.001* 

Five times sit to stand test (sec) -0.332 0.091 -0.351 0.073 

Maximal exercise capacity (m) 0.213 0.297 0.223 0.274

SMI, skeletal muscle mass index. 
* significant correlation (p<0.05) 
Expressed as Pearson correlation coefficient (r) 
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DIsCussIon 

This study demonstrated that in patients with COPD starting a pulmonary rehabilitation 
program, ultrasound measured rectus femoris size, i.e. thickness and CSA, is correlated 
with fat-free mass and handgrip strength. However, no significant correlation was found 
between rectus femoris size and leg muscle power, probably due to insufficient power. 

To our knowledge, this is the first study assessing both the thickness and the CSA of 
the rectus femoris in relation to fat-free mass and function. We did not find any difference 
between thickness and CSA in their relations with FFMI and function. Furthermore, we 
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did not observe any systematic differences in the reliability of both measurements. These 
findings indicate that the measurements of the CSA and thickness can be used interchange-
ably. The advantage of assessing the CSA of the rectus femoris, is that it reflects the size of 
the entire muscle. However, in larger muscles the entire CSA cannot be determined due 
to the limited size of the image. Moreover, visualization of the anatomical borders of the 
muscle may be challenging in a clinical population.18 Muscle thickness, on the other hand, 
can be obtained more easily and, therefore could be a more feasible measurement for use 
in practice.

We observed that both rectus femoris thickness and CSA are moderately strong associ-
ated with FFMI. These findings are in line with previous studies in patients with COPD, 
that observed that rectus femoris CSA is associated with FFMI18,19 Interestingly, we found 
that the correlation between rectus femoris thickness and FFMI is less strong in patients 
with (very) severe COPD, as compared to patients with moderate COPD (r=0.70, r=0.40, 
respectively). This finding may suggest that, in patients with (very) severe COPD, rectus 
femoris thickness is a poorer reflection of fat-free mass than in patients with moderate 
COPD. It has been previously suggested that in particular in patients with COPD, muscle 
mass of the lower limbs is depleted.18,19 However, we could not confirm this in our study 
probably due to the small sample size. 

This study also demonstrates that muscle size is moderately strong associated with 
handgrip strength. Besides being an indicator of overall strength,30 there is strong evidence 
that handgrip strength is a predictor for disability and mortality.31-34 Although handgrip 
strength is also influenced by non-nutritional factors such as inflammation,35 in clinical 
practice, handgrip strength is often used as a marker for nutritional status.33 In this study, 
we found a moderate correlation between muscle size and handgrip strength, suggesting 
that peripheral muscle size might be related to overall strength as well. Future studies 
should assess concurrent and predictive validity of ultrasound in relation to malnutrition, 
to elucidate the role of ultrasound measured muscle size as tool to assess and monitor 
nutritional status in daily practice. 

Similar to findings in previous research,20 rectus femoris size was not related to exercise 
capacity in our study. These findings might be explained by the fact that impaired exercise 
capacity and leg muscle power are caused by multiple factors outside the lung, such as 
muscle function.36 However, based on this exploratory study, we cannot conclude that loss 
of rectus femoris size might have consequences for maximal exercise capacity. Therefore, 
longitudinal data are needed to investigate the association between loss of muscle size and 
maximal exercise capacity.  

An unexpected observation of this study is that ultrasound images are not always inter-
pretable. Although this study suggests that ultrasound is a reliable tool for the assessment 
of muscle size, we also observed that the interpretation of ultrasound might be challen-
ging in patients with (severe) COPD. In 14 out of 44 ultrasound images, we were unable 
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to measure both rectus femoris CSA and thickness due to decreased anatomic definitions. 
There are two possible explanations for the non-interpretable ultrasound images. First, it 
has been previously observed that anatomical definitions might be decreased due to edema 
and the amount of subcutaneous fat.18,20 Second, an increased echogenicity, i.e. a brighter 
appearance of the muscle which reflects intramuscular fat, may lead to non-interpretable 
images for the size of the muscle.37 In our study, we did not find significant differences on 
any health related variables between the patients with and without interpretable ultrasound 
images. Therefore, future research should focus on the validity and reliability of ultrasound 
in patients with (severe) COPD, by taking the assessment of subcutaneous fat, edema, and 
intramuscular fat into consideration. 

This is the first study to link ultrasound data with tools used in daily practice for the 
assessment of muscle mass and function in patients with COPD. Our study shows that 
peri pheral muscle size is associated with whole body fat-free mass, implicating that rectus 
femoris size is a moderate reflection of fat-free mass. Nevertheless, since the loss of muscle 
mass is not uniform across all muscles38, and nutritional depletion preferentially affects the 
upper limbs whilst chronic inactivity is associated with loss of muscle mass of the lower 
limbs,39 it is of great interest to evaluate peripheral muscles. Superficial muscles can be ob-
tained easily with ultrasound, although training on the use and interpretation of ultrasound 
images is needed before health-care professionals can use it for evaluating muscles.   

Besides the small sample size and the cross-sectional study design, some limitations 
should be taken into account when interpreting our results. First, BIA was used to estimate 
FFMI, which is not a gold standard for the assessment of muscle mass and, therefore, could 
possibly have led to an over- or underestimation of FFMI due to for example an altered 
hydration status.24 Therefore, the validation of ultrasound for the assessment of muscle 
size, using a gold standard like Computed Tomography or Magnetic Resonance Imaging, in 
patients with COPD warrants further evaluation. Second, a handheld ultrasound machine 
that predominately was developed for abdominal scans was used in this study. Although 
we optimized the standard abdominal protocol for the assessment of muscles, we used the 
built-in ellipse shape for the assessment of the CSA. As the muscle is not a perfect ellipse, 
this might have led to an overestimation of the true CSA of the rectus femoris. Third, in this 
study, we used a curved transducer for the assessment of muscles which has a large field of 
view. However, a disadvantage of this transducer is the limited resolution, which could have 
resulted in spurious interpretations of the ultrasound image. Nevertheless, a previous study 
showed that a curved-array transducer is valid and reliable for the assessment of muscles 
compared to a linear array transducer.40 Lastly, the outcomes were measured by different 
individuals, which may have caused bias. 

In conclusion, this study shows that ultrasound measured muscle size is related to 
FFMI and strength in patients with COPD. Disease severity might influence the relation-
ship between muscle size and FFMI, implicating that peripheral assessment of muscles is 
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important in a clinical situation. Ultrasound might play an important role in the assessment 
of peripheral muscles, however, the echogenicity of the muscle should be taken into consi-
deration, as this might be increased in patients with COPD. 
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