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ABSTRACT      
BACKGROUND: Although loss of muscle mass may be associated with general weakness, intolerance to physical activity and fatigue, it is 
underestimated and poorly understood in patients with sarcoidosis.
AIM: To compare the quadriceps femoris muscle (QFM) thickness measured by ultrasonography (US) between the female patients with sarcoid-
osis and controls, secondly to assess the correlation between the muscle strength, fatigue and QFM thickness.
DESIGN: Observational, case-control study.
SETTING: Physical Medicine and Rehabilitation Department of a University Hospital.
POPULATION: Thirty-one women with sarcoidosis and 27 healthy volunteers were included in the study.
METHODS: The participants were evaluated for the following outcomes: 1) handgrip strength; 2) QFM thickness measured using US; and 3) 
sonographic thigh adjustment ratio (STAR). The sarcoidosis group was also evaluated with the 30-second chair stand test (30s-CST) and Fatigue 
Severity Scale (FSS).
RESULTS: The QFM thickness and STAR values of the patients with sarcoidosis were significantly lower than those of the controls (P=0.0001). 
However, no statistically significant difference was observed between the handgrip strengths of the groups (P=0.581). There was no statistically 
significant correlation between the STAR values and handgrip strength in the sarcoidosis group; however, there was a significant positive cor-
relation between the STAR values and 30s-CST (r=0.467, P=0.008).
CONCLUSIONS: Loss of muscle mass is one of the musculoskeletal conditions in patients with sarcoidosis that may be associated with nonspe-
cific symptoms, such as general debility, intolerance to physical activity, and fatigue. In the present study, no difference was observed in hand 
grip strength between the groups, while we found that QFM thickness was affected in patients with sarcoidosis when compared to the controls. 
The ultrasonographic QFM evaluation seems to be an innovative tool which may be used at all stages of sarcoidosis patient follow-up.
CLINICAL REHABILITATION IMPACT: The grip strength is a commonly used test to detect muscle weakness, but onset of a decrease in 
muscle mass in the lower extremities may occur earlier. Considering the increased burden of musculoskeletal problems in this population, per-
forming 30s-CST and sonographic QFM thickness is practical methods to identify risky patients.
(Cite this article as: Terlemez R, Caliskaner Ozturk B, Kurtoglu SS, Palamar D, Atahan E, Akgun K. Quadriceps femoris muscle ultrasound in sar-
coidosis: an observational case-control study. Eur J Phys Rehabil Med 2024;60:523-9. DOI: 10.23736/S1973-9087.24.08232-7)
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Sarcoidosis is a multi-organ disorder described by the 
existence of noncaseating granulomas in the affected 

tissues. The clinical course of the disease is variable with a 

possibility to affect any of the systems.1, 2 The subclinical 
involvement of the musculoskeletal system is estimated 
to occur in 50-80% of individuals with sarcoidosis.3 Loss 
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chair stand test (30s-CST), and fatigue severity scale 
(FSS) commonly used in patients with stable sarcoidosis 
who are referred to rehabilitation clinics.

Materials and methods

An observational case-control study was conducted on pa-
tients with stable sarcoidosis and healthy controls. All pa-
tients signed consent form prior to enrollment. The study 
adhered to the guidelines outlined in the Declaration of 
Helsinki and received approval from the hospital’s insti-
tutional review board (Istanbul University Cerrahpasa, 
E-83045809-604.01.01-439452).

All patients had a clinical or radiographical finding ex-
pected in sarcoidosis, and a biopsy that demonstrated non-
caseating granulomas in at least two of the affected organs. 
All patients were women with normal serum angiotensin-
converting enzyme and calcium levels. They were clini-
cally asymptomatic in terms of sarcoidosis organ involve-
ment. After the pulmonologist’s assessment, providing 
that their disease was stable, the patients were included 
in the study. Patients with endocrine, renal or metabolic 
comorbidities, disabling diseases, those who had to be 
hospitalized for any reason within the previous 3 months, 
or those undergoing immunosuppresive treatment were 
excluded. Patients who had received corticosteroids in the 
last 6 months were also excluded. The healthy volunteers 
were women in similar age group without chronic respira-
tory, cardiac, renal or endocrine disorders. Individuals who 
had neurological/ musculoskeletal conditions which may 
cause disabilities were not included in the control group.

The main outcome variables were as follows.

Muscle ultrasonography

Transverse images were obtained using a B-mode ultra-
sound device (ESAOTE My Lab 70) and a linear transduc-
er (7-12 MHz). The anterior thigh muscle thickness of the 
dominant side was measured (Figure 1). The patient was 
positioned supine with their knees fully extended during 
measurement. The probe was placed at a 90° angle to the 
skin at the measuring site, the appropriate amount of trans-
mission gel applied without compression. The thickness of 
the subcutaneous fat tissue and QFM were measured. The 
STAR was determined by dividing the muscle thickness 
values of the patients by their Body Mass Index (BMI).14

Muscle strength

Hand grip strength test was performed in a seated position 
using a Jamar dynamometer. Three repetitive measure-

of muscle mass and sarcopenia are often neglected issues, 
attributed to aging and rarely suspected in individuals 
with sarcoidosis, which often manifests at a younger age. 
Moreover, it is unclear how these overlooked conditions 
are linked to symptoms including general weakness, intol-
erance to physical activity, and fatigue, which are common 
in sarcoidosis.3, 4 Fatigue is a common problem affecting 
quality of life, it is still underestimated and poorly under-
stood in patients with sarcoidosis.5 Fatigue does not cor-
relate with pulmonary function test results.5, 6 Fatigue can 
be explained by peripheral muscle weakness and exercise 
intolerance, and both can be caused by multiple factors, 
such as skeletal muscle sarcoidosis, decreased lung func-
tion, impaired physical activity status and corticosteroid-
induced myopathy.7 On the other hand, exercise intoler-
ance and reduced muscle strength may occur in both fa-
tigued and non-fatigued sarcoidosis patients.8

Sarcopenia is defined as an accentuated loss of both 
muscle mass and strength, especially in the elderly popu-
lation.9 Moreover, it is a treatable precursor of negative 
adverse outcomes such as functional disability, cognitive 
impairment, depressive symptoms, and multimorbidity, 
especially in patients with chronic inflammatory disor-
ders. There have been an increasing number of publica-
tions suggesting that, contrary to common belief, loss of 
muscle mass and strength may begin early in life. But as-
sociated factors remains unclear.9, 10 In this study, since 
our participants were relatively young, we aimed to ex-
amine the quadriceps femoris muscle (QFM) thickness 
measurements rather than diagnosing sarcopenia. Ultra-
sonography (US) is an easily accessible, affordable, and 
radiation-free diagnostic tool that has been widely used, 
particularly in the field of musculoskeletal disorders.11, 12 
Sarcopenia guidelines suggest using US to diagnose sar-
copenia and probable sarcopenia9 as it supplies data rel-
evant to the evaluation of peripheral muscles. Addition-
ally, it is quick, cost-effective, and simple and these ad-
vantages outweigh those of magnetic resonance imaging. 
Sonographic measurement of the QFM thickness appears 
to be a practical method for predicting sarcopenia. A sys-
tematic review of adult data revealed that US findings are 
valid and reliable for the measurements of anterior thigh 
region.13

In this study, first we aimed to compare the handgrip 
strength, QFM thickness, and sonographic thigh adjust-
ment ratio (STAR) values between the control and study 
groups. Second, we aimed to determine the relationship 
between QFM thickness assessed using US with the clini-
cal parameters, including handgrip strength, 30-second 
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0.05 using the G*Power version 3.1 software. Statisti-
cal analyses were performed using the Number Cruncher 
Statistical System 2007 Statistical Software (Utah, USA). 
During the data evaluation, in addition to descriptive statis-
tical methods (mean and standard deviation), the Shapiro-
Wilk Normality Test was used to analyze the variables. An 
independent t-test was used for comparisons of variables 
with normal distribution. Pearson’s correlation analysis 
was used to determine the correlations. The results were 
assessed at a significance level of P<0.05.

Data availability

The data associated with the paper are not publicly avail-
able but are available from the corresponding author on 
reasonable request.

Results

Thirty-one patients with sarcoidosis and 27 healthy 
controls were included in the study. The mean age was 
49.9±10.0 in the sarcoidosis group and 54.5±7.1 in the 
control group. Both groups consisted of the female gen-
der. No statistically significant difference was observed 
between the mean age and mean BMI values of the sar-
coidosis and control groups (P=0.063 and P=0.161). Ad-
ditionally, no statistically significant difference was ob-
served between the mean handgrip strength scores of the 
control and sarcoidosis groups (P=0.581). However, the 
mean QFM thickness and STAR values of the sarcoidosis 
group were significantly lower than those of the control 
group (P=0.0001 and P=0.008) (Table I).

An overview of the sarcoidosis group characteristics 
is depicted in Figure 2. There were no clinical or demo-
graphic differences observed according to the radiological 
stage of the patients, COVID history, or presence of extra-
pulmonary involvement in the subgroup analyses of the 
study group (P>0.05). Dominant handgrip strength values 

ments were taken from the dominant hand in the position 
elbow flexed at a 90° angle as recommended by Roberts 
et al.15 Then, the average measurement was noted. In the 
30s-CST, after hearing the command to ‘go’ participants 
were instructed to transition as quickly as they could from 
a seated position to a standing position with straight legs 
and a straight back, followed by a return to sitting position. 
Before the test, the investigator gave each participant in-
structions, a demonstration, and a 10-second practice. The 
investigators instructed participant to exert their maximum 
performance during the test. The participants were allowed 
a short rest period prior to test.

Fatigue

Fatigue was assessed using the FSS, a unidimensional, 
nine-item questionnaire that collects data about the ef-
fect and degree of the fatigue. Using response anchors of 
1 point for strongly disagreeing and 7 points for strongly 
agreeing based on the prior week, participants assessed 
the nine questions on a 7-point Likert-type scale.16 Pa-
tients with a score of ≥4 were described as those suffering 
from significant fatigue. The translation of the FSS into 
Turkish language as performed according to international 
standards.17

Statistical analysis

The sample size was calculated to be 26 participants for 
each group could provide 80% power with an α value of 

Figure 1.—Sonographic measurement of anterior thigh muscles. Short 
arrow, subcutaneous fat tissue thickness; long arrow, quadriceps femoris 
muscle thickness.

Table I.—��The distribution of the demographical and clinical fea-
tures among groups.

Characteristics Control group
(N.=27)

Sarcoidosis 
group

(N.=31)
P value*

Age 54.56±7.16 49.97±10.04 0.063
BMI 31.14±5.32 29.19±5.10 0.161
Dominant hand grip strength (kg) 26.67±4.60 27.53±6.87 0.581
Dominant QFM thickness (mm) 38.94±8.19 31.08±7.01 0.0001
STAR (QFM thickness/BMI) 1.27±0.24 1.08±0.29 0.008
*Independent t-test.
BMI: Body Mass Index; QFM: quadriceps femoris muscle; STAR: sonographic 
thigh adjustment ratio.
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disease. Although weakness, fatigue, and intolerance to 
exercise are common symptoms in patients with sarcoid-
osis, there is limited data available to assess the muscle 
mass in these patients.3, 5, 7 In this study, we found that 
the sarcoidosis group’s mean QFM thickness and STAR 
values were significantly lower than the controls. While, 
there was no statistically significant difference observed 
between the mean handgrip strength scores of the sarcoid-
osis group and controls. Despite being a regularly used di-
agnostic test, the handgrip strength may not reveal obvious 
signs of the sarcopenia at early stages. Generally, the onset 
of a decrease in grip strength and knee extensor strength 
does not occur simultaneously; grip strength is known to 
be affected later.18 In our study, the patients were relative-
ly young and active with normal handgrip strength scores 

were normal in all patients but the 30s-CST values were 
impaired in 11 patients.

A significant correlation was found between the 30s-
CST and dominant handgrip strength values in the sarcoid-
osis group (r=0.56, P=0.001). No statistically significant 
correlation was observed between the sonographic mea-
surements and handgrip strength values (P>0.05). How-
ever, a statistically significant positive correlation was 
observed between the STAR and 30s-CST values (r=0.46, 
P=0.008). A statistically significant negative correlation 
was also observed between the 30s-CST and FSS values 
(r=-0.48, P=0.006) (Table II).

A statistically significant negative correlation was ob-
served between the age and 30s-CST values (r=-0.55, 
P=0.001). No other significant correlation was observed 
between the demographic and clinical parameters (P>0.05) 
(Table III). When the patients were divided based on the ra-
diological involvement pattern, no difference was observed 
in clinical and ultrasonographic findings (P>0.05) (Table IV).

Discussion

Sarcoidosis is a chronic disease that tends to affect the 
musculoskeletal system subclinically at the onset of the 

Figure 2.—Flow chart of the sarcoidosis group characteristics and re-
cruitment process.

Table II.—��The correlation analyzes of the sarcoidosis group.
Parameter 30s-CST FSS STAR
Dominant hand grip strength (kg)

r 0.567 -0.565 0.314
P value 0.001 0.001 0.085

Dominant QFM thickness (mm)
r 0.269 -0.003 0.634
P value 0.143 0.989 0.0001

30s-CST
r 1 -0.482 0.467
P value 0.006 0.008

FSS
r -0.482 1 -0.276
P value 0.006 0.133

Pearson correlation test.
30s-CST: 30-second chair stand test; FSS: Fatigue Severity Scale; QFM: 
quadriceps femoris muscle; STAR: sonographic thigh adjustment ratio.

Table III.—��The correlation analyzes of the demographic and 
clinical features.
Parameter Age BMI Disease 

duration
Dominant hand grip strength (kg)

r -0.324 -0.117 -0.269
P value 0.075 0.53 0.144

Dominant QFM thickness (mm)
r -0.246 0.078 0.233
P value 0.182 0.677 0.206

30s-CST
r -0.559 -0.151 -0.209
P value 0.001 0.417 0.259

FSS
r 0.054 0.326 0.016
P value 0.775 0.073 0.931

Pearson correlation test.
BMI: Body Mass Index; 30s-CST: 30-second chair stand test; FSS: Fatigue 
Severity Scale; QFM: quadriceps femoris muscle; STAR: sonographic thigh 
adjustment ratio.

Patients with sarcoidosis
(N.=48)

Excluded patients
(N.=17)

Included patients
(N.=31)

- Hypertension (HT) (N.=8)
- Diabetes mellitus (DM) (N.=4)
- Hypothyroid (N.=1)
- Coronary disease (N.=1)
- Steroid use (N.=6)
- Immunosurpressive use (N.=4)

(2 patients had both HT and DM
1 patient had both coronary 
disease and HT
3 patients both used 
immunosuppressive and steroid)

Mean±SD Min. Max.

Dominant hand grip 
strength (kg)

27.5±6.8 15 42

QFM thickness (mm) 31.0±7 17 45
30s-CST 10.3±2.8 4 16
FSS 4.0±2.1 0 7
STAR 1.0±0.2 0.45 2

Disease duration (year±SD):
7.8±4.54

Radiologiacal stages
Stage 0: 5
Stage 1: 18
Stage 2: 8
Stage 3: none
Stage 4: none

Extrapulmonary involvement
Abstent: 26
Present: 5

1) Muscle mass
- �US – Quadriceps femoris 

muscle (QFM) thickness, 
STAR

2) Muscle strength
- �Dynamometer: hand grip 

strength
- �30 second chair stand test 

(30s-CST)
3) Fatigue

- �Fatigue severity scale (FSS)
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mass.14 Neuromuscular changes with aging may reduce the 
number of motor fibers in the lower extremities.25 More-
over, the muscle filament loss starts earlier, particularly in 
the anterior thigh muscles rather than the upper extremity 
muscles.26 Our results support the idea that loss of muscle 
mass may similarly start in the lower extremities in chron-
ic systemic diseases. In rehabilitation clinics, physical 
performance tests are usually performed on patients with 
chronic inflammatory diseases. Muscle power is the most 
quickly deteriorated value and is related more strongly to 
mobility than to strength, however its assessment needs 
specialized tools.27 Besides the traditional performance 
tests, measuring the sonographic muscle mass seems to be 
a practical method in both screening and follow-up of vul-
nerable patients.

Patients with sarcoidosis frequently have an intolerance 
to physical activity, generalized weakness, and fatigue. 
There are few researches on this subject among patients 
with sarcoidosis in the literature, and the majority of the 
studies had small sample sizes or sarcoidosis patients with 
specific conditions.1, 3, 22, 23 Yet, the main contributors of 
these physical limitations and their interrelationships re-
main unclear. Exercise intolerance in chronic cardiac and 
pulmonary conditions is considerably exacerbated by the 
dysfunction of the skeletal muscles. Spruit et al. reported 
the presence of skeletal muscle weakness in patients with 
sarcoidosis who complain of fatigue. They found some re-
lations in these patients between skeletal muscle weakness, 
decreased physical capacity, and health status.7 Our study 
also found a statistically significant negative correlation 
between the 30s-CST and FSS values and also between 
the handgrip strength and FSS values. But, no significant 
correlation was found between STAR and FSS. Although 
fatigue is a prevalent condition that affects quality of life, 
it is largely underappreciated and little understood in sar-
coidosis patients. The etiology of fatigue in sarcoidosis is 
most probably multifactorial including cardiopulmonary 
function status, general inflammation, sleeping disorders, 
depression and small-fiber neuropathy.5 Additional con-

that similar to those of the control group. However, QFM 
thickness and STAR values were impaired. Our results are 
consistent with the hypothesis loss of muscle mass occurs 
earlier in the lower extremities.

Sarcopenia has been considered an advanced form of 
senility that only strikes the elderly. Despite the common 
belief, loss of muscle mass and strength may begin in the 
early stages of life.9 The underlying process of this dis-
order which becomes clinically overt during the 5th-7th 
decades of life may start as early as during the third de-
cade as judged by decreases in muscle strength and power. 
Age-related neurodegeneration, alterations in protein me-
tabolism, and widespread loss of muscle fiber contribute 
to sarcopenia.19 Also, when there is a clear contributing 
factor other than aging, such as nutritional deficits, meta-
bolic syndrome, endocrine, cardiopulmonary or inflamma-
tory disorders may lead to loss of muscle mass, strength 
and power.20 We aimed to investigate reduced muscle 
mass in sarcoidosis which is a rare, chronic, inflammatory 
condition and that has not received much attention in the 
literature.

Strasser et al. showed that the measurement of QFM 
thickness is a reliable method to assess sarcopenia / prob-
able sarcopenia.21 In a recent study, Eşme et al. analyzed 
the capacity of muscle thickness measurements to foresee 
sarcopenia in patients with sarcoidosis. They found that 
the use of US was more effective than the application of 
bioelectrical impedance analysis.22 Cruz et al. and Fuen-
tes et al. observed a positive correlation between exercise 
performance and sonographic muscle thickness in patients 
with chronic obstructive pulmonary disease.23, 24 The cur-
rent study is the only controlled study in the literature, that 
reported muscle mass evaluated sonographically in pa-
tients with sarcoidosis.

In our study while we could not find a correlation be-
tween QFM thickness and 30s-CST or FSS, there was a 
correlation between 30s CST and STAR. Body mass ad-
justment of QFM thickness seems like a useful method in 
terms of height and weight may have an impact on muscle 

Table IV.—��Comparison of clinical and ultrasonographic measurements of patients according to radiological involvement.

Measurement Parenchymal involvement (N.=5) Mediastinal involvement (N.=18) Parenchymal and mediastinal 
involvement (N.=8) P value*

Dominant hand grip strength (kg) 28.4±6.84 26.14±6.3 30.13±8.13 0.389
Dominant QFM thickness (mm) 31.74±7.86 31.49±6.99 29.73±7.27 0.826
30s-CST 10.2±2.17 11±2.66 9±3.46 0.263
FSS 3.88±2.47 3.81±1.91 4.68±2.54 0.634
STAR 1.02±2.25 1.09±0.34 1.05±0.19 0.846
QFM: Quadriceps femoris muscle, 30s-CST: 30 second chair stand test, FSS: Fatigue severity scale, STAR: Sonographic thigh adjustment ratio.
*One-way analysis of variance.
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tribution of such factors, as well as a small sample size, 
could explain why we were unable to discover a correla-
tion between STAR and FSS.

Limitations of the study

This study has several limitations that various subgroup 
analyzes could be performed on predictive factors, but our 
sample size was relatively small for subgroup investiga-
tions. Another limitation was that we did not apply the 
30s-CST test to healthy controls. Using a nutritional index 
would also be appropriate for cases. Since the majority of 
the individuals in the patient group were at an early stage, 
we are unable to extrapolate our findings to all patients, 
including patients with severe sarcoidosis. However, the 
increase in disease severity may accompany comorbidities 
and increase in steroid use which could also be a separate 
bias. Randomized controlled trials including more partici-
pants are still required for this topic.

Conclusions

In conclusion, sarcoidosis is a heterogeneous, multi-organ 
disease with numerous nonspecific symptoms that may go 
beyond typical clinical presentation encountered by phy-
sicians. Clinicians must be aware that patients with sar-
coidosis may experience muscle weakness, intolerance 
to activity, and a decline in health status, thus necessitat-
ing a multidisciplinary approach including rehabilitation 
program. In current study, we found that the sarcoidosis 
group’s mean QFM thickness and STAR values were sig-
nificantly lower than the age-matched controls. Consider-
ing the increased burden of musculoskeletal problems in 
this population, performing adequate sonographic mea-
surements seem a practical approach to identify patients at 
risk for sarcopenia or probable sarcopenia. Furthermore, 
randomized controlled interventional studies are needed 
for determining the effect of early exercise programs in 
patients with sarcoidosis.
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