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Fibromyalgia syndrome (FMS) is a condition of un-
known etiology, characterized by chronic widespread 

pain, often accompanied by fatigue, insomnia, concen-
tration disorders, and psychological disturbances [1, 2]. 
Although many hypotheses have been proposed, none of 
them has been widely accepted and its etiopathogenesis 
is still unclear [3, 4].

Clinically, some symptoms of FMS (fatigue, pain, mus-
cle aches, and trigger points) suggest skeletal muscle involve-
ment. In the literature, muscle biopsy studies conducted in 
fibromyalgia patients emphasize the morphological and 
metabolic changes in the muscles, and the role of peripheral 
mechanisms in chronic pain [5, 6]. Therefore, changes in 
peripheral muscles need to be better understood.

ABSTRACT
OBJECTIVE: The aim of this study was to compare the ultrasonographic thickness of selected major muscles of patients with 
fibromyalgia syndrome (FMS) and asymptomatic control subjects and to evaluate the relationship between muscle thickness 
and muscle strength, physical performance, kinesiophobia, and clinical variables.

METHODS: Twenty-two FMS patients and 18 asymptomatic control cases who applied to the physical medicine and rehabili-
tation outpatient clinic were included. The thickness of the gastrocnemius medialis/lateralis, trapezius, and upper arm muscle 
was evaluated with ultrasonography. Muscle strength was evaluated with hand grip strength, muscle performance with chair 
stand test (CST), walking performance with 10 m walking test, disease severity with Fibromyalgia Impact Questionnaire-Re-
vised, pain severity with VAS, and kinesiophobia with TAMPA kinesiophobia scale.

RESULTS: The mean thickness values of all the muscles measured were significantly decreased in the FMS group compared 
with the control (p<0.05). There were positive correlations between gastrocnemius medialis/lateralis and upper arm muscle 
thickness with hand grip strength (p<0.01, r=0.602, r=0.663, r=0.567, respectively) and positive correlations between gas-
trocnemius medialis/lateralis muscle thickness with CST (p<0.05, r=0.507, r=0.512, respectively). TAMPA was significantly 
negatively correlated with gastrocnemius medialis/lateralis and upper arm muscle thickness.

CONCLUSION: Muscle thickness, strength, and performance decrease in FMS patients. This reduction in muscle strength, 
performance, and size is associated with kinesiophobia. Strengthening exercises should be included in the management of 
FMS patients. However, caution should be exercised when prescribing exercises that require extreme muscle performance, 
considering that it may cause kinesiophobia.
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It has been reported in ultrasound studies in the lit-
erature that muscle function, mass, and structure are 
affected in several populations [7, 8]. Increasing fear of 
pain prevents the patient from moving and activities of 
daily living are reduced, which causes more injury avoid-
ance and fear of movement in patients. In FMS, the fear 
of pain plays a very important role in daily physical ac-
tivity habits. It was reported that 40% of the patients 
showed high levels of fear of movement and avoidance 
behaviors toward physical activity [9]. This vicious cycle 
can also make an additional contribution to changes in 
muscle mass, size, and function.

The number of imaging studies examining changes in 
muscle morphology in FMS patients is insufficient in the 
literature [10–12]. Among these studies, only two study 
using ultrasonography, in which neck muscles were mea-
sured, was identified [10, 11].

In many studies, the physical performance and 
strength of individuals with FMS were found to be 
lower than healthy women and the general population 
[13–15]. Jones et al. [16] reported that 25% of individ-
uals with FMS had difficulty in personal care, 60% had 
difficulty in light housework, climbing stairs, walking 
a kilometer, and lifting weights, and more than 90% of 
them had difficulty in doing heavy housework.

However, to the best of our knowledge, no study eval-
uating the relationship of muscle thickness, physical per-
formance, muscle strength, and kinesiophobia together 
in patients with FMS has been found in the literature.

The aim of this study was to compare the ultrasono-
graphic thickness of selected major muscles of FMS pa-
tients and asymptomatic control subjects and to evaluate the 
relationship between muscle thickness and muscle strength, 
physical performance, kinesiophobia, and clinical variables.

MATERIALS AND METHODS

A cross-sectional study was conducted to compare ultra-
sonographic measurements of gastrocnemius medialis 
(GC-med), gastrocnemius lateralis (GC-lat) trapezius, 
and upper arm muscle thicknesses of FMS patients with 
asymptomatic control subjects and to investigate the re-
lationship between functional status, pain status, muscle 
strength, and kinesiophobia with muscle thicknesses in 
FMS patients. Twenty-two FMS patients and 18 asymp-
tomatic control cases who applied to the physical med-
icine and rehabilitation outpatient clinic between April 
and October 2017 were included in the study.

The FMS group consisted of patients aged between 
18 and 65 years who were diagnosed according to the 
2010 criteria of the American College of Rheumatology 
(ACR), diagnosed at least 6 months ago [2]. Patients were 
included in the study regardless of their physical activity 
level. Patients diagnosed with malignancy, inflammato-
ry, neurological diseases, cognitive disorders, orthopedic 
problems, diabetes mellitus, endocrinological problems, 
and those who did not give consent to participate were 
excluded. The study protocol was approved by the Ethics 
Committee of Istanbul Medeniyet University Goztepe 
Training and Research Hospital (2017/0002, March 23, 
2017) by the Declaration of Helsinki. Written consent 
was obtained from the participants before the study. The 
study was conducted according to the STROBE check-
list for reporting observational studies.

Clinical Measurements
Age, gender, body mass index (BMI), and disease dura-
tion were recorded as demographic parameters.

Visual Analog Scale (VAS)
VAS was recorded to determine the pain level of the 
participant. On the 0–10 cm chart, the patient was de-
scribed as having no pain as 0 and 10 as the most severe 
pain he had ever felt in his life, and he was required to 
tick the severity of the pain. Then the point was mea-
sured with a millimeter ruler [17].

Chair Stand Test (CST)
It reflects the lower extremity muscle strength and physical 
performance of individuals. The patient is required to sit 
in the middle of a 43.18 cm high chair straight, feet on the 
ground with crossed arms in front of his chest. The test 
starts with the command and the count of full standing up 
for 30 s constitutes the individual’s score. The reliability 
and feasibility of the test have been evaluated in FMS [18].

Highlight key points

• Fibromyalgia causes decrease in muscle thickness.

• Reduction in muscle thickness is associated with loss of 
muscle strength and physical performance.

• Kinesiophobia is associated with decrease in muscle thick-
ness.

• In the planning of exercise programs in patients with fibro-
myalgia, the intensity of exercise should be adjusted careful-
ly in order not to cause kinesiophobia.
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10 m Walk Test (10MWT)
For 10MWT, a distance of 14 m with the first and last 
2 m marked was determined, and the time that patients 
walked between 2 and 12 m was measured. To minimize 
the effects of habituation and fatigue, the states were 
performed in duplicate, in random order, and the average 
time was recorded in seconds [19].

Hand Grip Strength
Grip strength was measured at the dominant hand using 
a hydraulic hand dynamometer (Irvington, NY 10533, 
USA) following published procedures [20]. The test po-
sition is seated in a chair with a backrest on a flat surface, 
arms close to the body and relaxed, elbow bent 90°, wrist 
open 0–30°, and ulnar deviation 0–15°. For grip strength 
measurement, the dynamometer is held in an upright po-
sition. Patients were required to squeeze as hard as they 
could. Both hands were tested for three trials. The high-
est force (in kg) was taken for the dependent variable.

TAMPA Scale for Kinesiophobia
It is a Likert-type questionnaire consisting of 17 ques-
tions scored between 1 and 4 (1: I strongly disagree, 2: 
I do not agree, 3: I agree, 4: I completely agree) [21]. 
The maximum value on the scale is 68. The cutoff 
value is 37, and values below this value are low-grade 
kinesiophobia. Over 37 are considered high-grade ki-
nesiophobia. Turkish validity and reliability were done 
by Tunca Yılmaz et al. [22].

Revised Fibromyalgia Impact Questionnaire (FIQR)
FIQR is a questionnaire that evaluates the limitations 
and functional disability of individuals with FMS with a 
total of 21 questions in three sections: Physical function, 
general effect, and symptoms. All questions are evaluat-
ed on a numerical scale between 0 and 10. The higher 
the score obtained from the questionnaire, the higher the 
disability due to fibromyalgia. The Turkish version of the 
questionnaire, whose validity and reliability studies were 
conducted, was used in the study [23].

Ultrasound Measurements
Ultrasonographic evaluations of the muscles were 
performed with a 5–10-MHz linear array transducer 
(DC-T6 [Mindray, China]) by the same experienced 
physiatrist. In the study, upper arm muscle thickness 
measurement due to its important effect on upper ex-

tremity functions, gastrocnemius muscle thickness 
measurement due to its role in lower extremity activ-
ities and walking, trapezius muscle thickness measure-
ment to evaluate the effect of the disease on non-ex-
tremity muscles were performed. Upper trapezius 
muscle thickness measurements were made by placing 
the probe horizontally on the muscle at the level of the 
C6 spinous process (Fig. 1). Upper arm muscle thick-
ness measurement was made from 60% distal of the 
distance between the lateral epicondyle of the humerus 
and the acromial process of the shoulder on the dom-
inant side (Fig. 2). GC-med and GC-lat muscle thick-
ness measurements were made by placing the transduc-

Figure 1. Measurement of trapezius muscle thickness by ul-
trasonography.

Figure 2. Measurement of upper arm muscle thickness by 
ultrasonography.
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er longitudinally in the proximal 30% of the distance 
between the lateral condyle of the tibia and the lateral 
malleolus (Fig. 3A, B). The transducer was placed on 
the line, and special care was taken to avoid applying 
excessive pressure. This scanning was repeated 3 times, 
and the mean of three measurements was taken.

Statistical Analysis
Before the study, power analysis was performed using 
G-power to determine the number of samples. Using the 
mean and standard deviation data of trapezius muscle 
thickness of patients and control groups with fibromy-
algia in the literature, the effect power was calculated as 
1.13 [10]. When alpha was 0.05 and 1-beta was 0.90, 
the number of samples to be taken in each group was 
determined as 18.

Statistical analysis was conducted using the Statisti-
cal Package for the Social Sciences version 22.0 (IBM 
Corp., Chicago, IL, USA). Demographic and clinical 
data were compared and descriptive statistics were sum-
marized as mean±standard deviation or median (IQR) 
values for continuous variables. Statistically significant 
differences between groups were determined using the 
independent samples t-test for continuous variables. 
In determining the normal distribution, the Shapiro–
Wilk test was used. The level of correlation between 
variables was determined using Pearson correlation co-
efficients where the data were normally distributed and 
Spearman Rho correlation coefficients where the data 
were not normally distributed. Cohen’s classification 

was used for the effect size of the relationship is the cor-
relation coefficient: Between 0.10 and 0.29 is defined as 
small; between 0.30 and 0.49 as a medium; and 0.50 to 
1.0 as a large correlation [24]. The results were evalu-
ated bilaterally at 95% confidence interval, significance 
level at p<0.05 and p<0.01.

RESULTS

The study was conducted on a total of 40 participants 
(22 patients with fibromyalgia for at least 6 months diag-
nosed by the ACR criteria and 18 asymptomatic control 
subjects). Demographic characteristics are given in Table 
1. Statistically, the study groups had no statistical differ-
ence in terms of mean age and BMI (p>0.05). Patients 
with fibromyalgia had significantly lower CST and HGS 
values and higher 10MWT and TAMPA values com-
pared to control subjects (p<0.05) (Table 1).

Intraclass correlation coefficients (ICC) were cal-
culated to evaluate the intra-rater reliability of muscle 
thickness measurements by ultrasound. In the patient 
group, the ICC values for the GC-med/GC-lat and 
trapezius muscle and upper arm muscle were 0.973 
(95% CI 0.935–0.988), 0.959 (95% CI 0.904–0.983), 
0.985 (95% CI 0.965–0.994), and 0.971 (95% CI 
0.932–0.988), respectively. The ICC values for the 
same muscles in the control group were 0.985 (95% 
CI 0.960–0.994), 0.969 (95% CI 0.919–0.988), 
0.983 (95% CI 0.956–0.9944), 0.985 (95% CI 0.961–
0.994), respectively.

Figure 3. (A) Measurement of gastrocnemius medialis muscle thickness by ultrasonography. (B) Measurement of gastrocne-
mius lateralis muscle thickness by ultrasonography

BA
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All measured muscle thicknesses of the FMS 
group were found to be statistically significantly lower 
than the control group (p<0.05) (Table 2). Table 3 
shows the correlation analysis between demographic 
data and disease-related parameters. While no statis-
tically significant correlation was found between age, 
BMI, VAS, CST, 10MWT, HGS, FIQR, and TAM-
PA (p<0.05), a statistically significant negative large 
correlation was found between disease duration and 
HGS (p<0.05). A positive medium correlation was 
found between HGS and CST (p<0.05), and a nega-
tive large statistically significant correlation was found 
between TAMPA and HGS and between TAMPA 
and CST (p<0.001).

Table 4 shows the correlation analysis between mus-
cle thicknesses and disease-related parameters. A sta-
tistically significant positive large correlation was found 
between GC-med and GC-lat muscle thicknesses and 
CST and HGS (p<05 and p<0.01, respectively, for 

both GC-med and GC-lat). In addition, a statistically 
significant negative large correlation was found between 
GC-med, GC-lat, and TAMPA (p<0.001). There was 
a statistically significant positive large correlation be-
tween upper arm muscle thickness and HGS, a statis-
tically significant negative medium correlation between 
upper arm muscle thickness and CST, and a statistically 
significant negative medium correlation between upper 
arm muscle thickness and TAMPA (p<0.01, p<0.05, 
p<0.05, respectively).

DISCUSSION

In this study, ultrasonographically measured GC-
med/GC-lat, trapezius, and upper arm muscle thick-
nesses in fibromyalgia patients were compared with 
asymptomatic control subjects, and the relationship 
between muscle thickness and disease-related param-
eters was evaluated.

 Fibromyalgia group (n=22) Asymptomatic control group (n=18) p

Age (years) 39.36±10.61 37.38±9.82 0.549
BMI 25.48±5.25 23.60±2.95 0.185
Disease duration (month) 72.00 (90.00)*  
VAS 8.00 (2.00)*  
Chair Stand Test 9.45±1.81 12.77±1.62 0.001
10MWT (sc) 8.64±.86 6.84±.36 0.001
Hand grip strength (kg) 25.13±6.39 30.88±5.44 0.004
TAMPA 43.50±7.62 28.66±5.19 0.001
FIQR 54.00 (24.25)*  

BMI: Body mass index; VAS: Visual analog scale; 10MWT: 10 m Walk Test; TAMPA: TAMPA Scale for Kinesiophobia; FIQR: Fibromyalgia impact questionnaire-revised; 
*: Median (IQR).

Table 1. Demographics for groups

 Fibromyalgia group (n=22) Asymptomatic control group (n=18) p

Gastrocnemius med thickness (mm) 16.32±1.48 19.77±2.09 0.001
Gastrocnemius lat thickness (mm) 13.40±1.28 16.61±1.97 0.001
Trapezius thickness (mm) 11.18±1.99 12.62±1.70 0.020
Upper arm muscle thickness (mm) 24.78±3.91 28.37±4.88 0.014

Independent sample t-test.

Table 2. Muscle thickness measurements for groups
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All muscle thicknesses were lower in the fibromyal-
gia group. This result is consistent with our study hy-
pothesis and the literature on chronic painful conditions. 
Kuzu and Aras [10] evaluated neck extensor muscle 
thicknesses in 41 patients with fibromyalgia and found 
that all muscle thicknesses investigated were lower in the 
fibromyalgia group. Fernández-De-Las-Peñas et al. [25] 
reported lower cervical multifidus muscle thickness eval-
uated by ultrasound in patients with chronic mechanical 
neck pain compared to healthy controls and interpreted 
that fear of pain may contribute to muscle atrophy. Oz-
cakar et al. [26] also stated that fear of movement due 
to chronic pain may cause a decrease in muscle volume 
in the following years. In this study, compatible with 

Ozcakar, the relationship between muscle strength and 
disease duration and also the relationship between mus-
cle strength and kinesiophobia was shown. Therefore, 
it seems that one of the priority targets in chronic pain 
should be kinesiophobia.

The thickness of the GC-med, GC-lat, and upper arm 
muscles was associated with muscle strength and muscle 
performance, and the thickness of the GC and upper arm 
muscle was associated with kinesiophobia. Bonaterra et al. 
[27] examined the morphology of the GC and soleus mus-
cles in fibromyalgia mice models and found a 21.6% reduc-
tion in fiber cross-sectional area in the GC muscle. These 
results reveal the relationship between muscle morpholog-
ical changes and loss of muscle strength in FMS patients.

  Age BMI DD VAS CST 10MWT HGS FIQR TAMPA

Age         
 rho 1 0.150 0.331† 0.261† -0.089 0.203 -0.230 0.269† -0.050
 p  0.504 0.132 0.240 0.695 0.366 0.303 0.226 0.824
BMI         
 rho  1 0.139† 0.162† -0.123 0.114 -0.033 0.066† 0.031
 p   0.537 0.472 0.585 0.613 0.884 0.770 0.891
DD         
 rho   1 0.288† -0.102† 0.317† -0.505*† 0.144† 0.317†

 p    0.193 0.652 0.151 0.016 0.523 0.151
VAS         
 rho    1 -0.054† 0.170† -0.367† 0.192† 0.079†
 p     0.813 0.450 0.093 0.391 0.727
CST         
 rho     1 -0.186 0.499* -0.143† -0.761**
 p      0.408 0.018 0.526 0.000
10MWT         
 rho      1 -0.208 0.315† 0.229
 p       0.353 0.153 0.306
Hand grip strength         
 rho       1 -0.290† -0.798**
 p        0.190 0.000
FIQR         
 rho        1 0.259†

 p         0.245
TAMPA         
 rho         1
 p         

*: P<0.05; **: P<0.01; †: Spearman correlation test; BMI: Body mass index; DD: Disease duration; VAS: Visual analog scale; CST: Chair stand test; 10MWT: 10 m Walk 
Test; HGS: Hand grip strength; FIQR: Fibromyalgia impact questionnaire-revised; TAMPA: TAMPA Scale for Kinesiophobia.

Table 3. Correlation analysis between demographics and disease-related parameters
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In this study, HGS was found to be associated with up-
per arm, GC-med and GC-lat muscle thicknesses, and CST 
was associated with GC-med and GC-lat muscle thick-
nesses. However, 10MWT was not associated with muscle 
thickness. While HGS and CST can be considered activ-
ities that require intense muscle performance, 10MWT is 
a walking activity that does not require advanced muscle 
performance. While the thickness of the upper and lower 
extremity muscles is associated with kinesiophobia because 
they are affected by intense muscle performance, the thick-
ness of the trapezius muscle is not associated with kinesio-
phobia since it is not exposed to intense and direct stress. 
Russek et al. [28] investigated movement-related fear and 
quality of life in fibromyalgia patients and found kinesio-
phobia in 72.9% of the participants.

Fibromyalgia patients avoid strenuous activities in 
their daily lives, which leads to muscle atrophy. In this 
study, while thicknesses of upper and lower extremity 
muscles, which require intense activity, decreased to kine-
siophobia, 10MWT, which reflects walking performance, 
was not found to be associated with kinesiophobia. For 

this reason, activities such as “walking” that do not cause 
kinesiophobia as they require a certain level of muscle ac-
tivity should be given priority in the exercise programs of 
patients with fibromyalgia and it is necessary to be more 
careful when choosing exercises that require excessive 
muscle activity, as they can cause kinesiophobia.

In the literature, 20–35% lower muscle strength has 
been reported in FMS patients [15, 29, 30]. Köklü et al. 
[31] reported lower HGS in fibromyalgia patients com-
pared to asymptomatic controls, but HGS was not asso-
ciated with disease severity. In this study, muscle thick-
nesses were lower than the control, and muscle thickness 
was found to be correlated with HGS. Similarly, no 
significant relationship could be demonstrated between 
pain and quality of life and HGS.

No correlation was observed between muscle thick-
nesses and VAS, 10MWT, and FIQR in this study. Sim-
ilarly, Kuzu and Aras [10] did not report the relationship 
between neck extensor muscle thickness and pain. Differ-
ently, Kuzu and Aras found a relationship between cer-
vical multifidus, splenius capitis, trapezius muscle thick-
nesses, neck disability index, and FIQ. Valera-Calero et 
al. [11] also found no relationship between the cervical 
multifidus muscle cross-sectional area and the severity of 
pain in patients with fibromyalgia.

This study has some limitations. Evaluation of muscle 
metabolism together with muscle thickness and evalua-
tion of lower extremity muscle performance with more 
objective methods such as isokinetic devices can provide 
more accurate results. In this study, large muscles were se-
lected from the upper extremity and lower extremity and 
neck muscle groups. Future studies should be performed 
with a larger sample and in more diverse muscle groups.

Conclusion
These results show that muscle size and strength, per-
formance decrease in FMS patients. This reduction in 
muscle strength, performance, and size is associated with 
kinesiophobia. The GC and upper arm muscles were 
found to be most associated with muscle strength and 
performance, while the GC-med, GC-lat, and upper arm 
muscles were found to be the most associated with ki-
nesiophobia. Strengthening exercises should be included 
in the management of FMS patients. However, caution 
should be exercised when prescribing exercises that re-
quire extreme muscle performance, considering that it 
may cause kinesiophobia. Breaking the vicious circle of 
kinesiophobia is of great importance to increase the con-
tinuity of exercise.

  GC- GC- Trapezius Upper 
  med lat  arm

VAS    
 rho -0.087† -0.145† 0.204† 0.104†

 p 0.700 0.519 0.363 0.646
CST    
 rho 0.507* 0.512* -0.048 0.151
 p 0.016 0.015 0.831 0.501
10MWT    
 rho 0.078 -0.040 0.064 -0.051
 p 0.729 0.861 0.777 0.820
Hand grip strength    
 rho 0.602** 0.663** 0.125 0.567**
 p 0.003 0.001 0.578 0.006
FIQR    
 rho -0.169† 0.069† 0.341† -0.202†

 p 0.451 0.759 0.121 0.368
TAMPA    
 rho -0.713** -0.725** -0.197 -0.482*
 p 0.000 0.000 0.378 0.023

*: P<0.05; **: P<0.01; †: Spearman correlation test; GC: Gastrocnemius; VAS: 
Visual analog scale; CST: Chair stand test; 10MWT: 10 Meter Walk Test; FIQR: Fi-
bromyalgia impact questionnaire-revised; TAMPA: TAMPA Scale for Kinesiophobia.

Table 4. Correlation analysis between disease-related 
parameters and muscle thickness measurements



Mesci et al., Fibromyalgia and muscle thickness 725 

Ethics Committee Approval: The Istanbul Medeniyet University 
Goztepe Training and Research Hospital Clinical Research Ethics 
Committee granted approval for this study (date: 23.03.2017, num-
ber: 2017/0002).

Conflict of Interest: No conflict of interest was declared by the 
authors. 

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Authorship Contributions: Concept – EM, NM, AI; Design – EM, 
NM, BD; Supervision – EM, AI; Fundings – EM, AI, BD; Materials – 
EM, NM, AI, BD; Data collection and/or processing – EM, NM, BD, AI; 
Analysis and/or interpretation – EM, NM, BD; Literature review – EM, 
NM, BD, AI; Writing – EM, BD, NM; Critical review – EM, NM, AI, BD.

REFERENCES

1. Topbas M, Cakirbay H, Gulec H, Akgol E, Ak I, Can G. The prevalence 
of fibromyalgia in women aged 20-64 in Turkey. Scand J Rheumatol 
2005;34:140–4.

2. Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease 
P, et al. The American College of Rheumatology preliminary diagnostic 
criteria for fibromyalgia and measurement of symptom severity. Arthri-
tis Care Res (Hoboken) 2010;62:600–10. [CrossRef ]

3. Bradley LA. Pathophysiologic mechanisms of fibromyalgia and its re-
lated disorders. J Clin Psychiatry 2008;69 Suppl 2:6–13.

4. Siracusa R, Paola RD, Cuzzocrea S, Impellizzeri D. Fibromyalgia: 
pathogenesis, mechanisms, diagnosis and treatment options update. Int 
J Mol Sci 2021;22:3891. [CrossRef ]

5. Ruggiero L, Manganelli F, Santoro L. Muscle pain syndromes and fi-
bromyalgia: the role of muscle biopsy. Curr Opin Support Palliat Care 
2018;12:382–7. [CrossRef ]

6. Le Goff P. Is fibromyalgia a muscle disorder? Joint Bone Spine 
2006;73:239–42. [CrossRef ]

7. Wallwork TL, Stanton WR, Freke M, Hides JA. The effect of chronic 
low back pain on size and contraction of the lumbar multifidus muscle. 
Man Ther 2009;14:496–500. [CrossRef ]

8. Mesci N, Mesci E. Association of ultrasonographic measurements of 
upper arm and thigh muscle thickness with functional capacity and bal-
ance in elderly individuals. Turk J Geriatr 2018;21:215–24. [CrossRef ]

9. Nijs J, Roussel N, Van Oosterwijck J, De Kooning M, Ickmans K, Struyf 
F, et al. Fear of movement and avoidance behaviour toward physical ac-
tivity in chronic-fatigue syndrome and fibromyalgia: state of the art and 
implications for clinical practice. Clin Rheumatol 2013;32:1121–9.

10. Kuzu Ö, Aras B. Sonographic measurement of the neck extensor mus-
cle thickness in patients with fibromyalgia. Musculoskelet Sci Pract 
2022;59:102541. [CrossRef ]

11. Valera-Calero JA, Úbeda-D’Ocasar E, Caballero-Corella M, Fernán-
dez-de-Las-Peñas C, Sendarrubias GMG, Arias-Buría JL. Cervical 
multifidus morphology and quality are not associated with clinical vari-
ables in women with fibromyalgia: an observational study. Pain Med 
2022;23:1138–43. [CrossRef ]

12. Kravis MM, Munk PL, McCain GA, Vellet AD, Levin MF. MR imag-
ing of muscle and tender points in fibromyalgia. J Magn Reson Imaging 
1993;3:669–70. [CrossRef ]

13. Tüzün EH, Albayrak G, Eker L, Sözay S, Daşkapan A. A comparison 
study of quality of life in women with fibromyalgia and myofascial pain 
syndrome. Disabil Rehabil 2004;26:198–202. [CrossRef ]

14. Panton LB, Kingsley JD, Toole T, Cress ME, Abboud G, Sirithien-
thad P, et al. A comparison of physical functional performance and 
strength in women with fibromyalgia, age- and weight-matched con-
trols, and older women who are healthy. Phys Ther 2006;86:1479–
88. [CrossRef ]

15. Maquet D, Croisier JL, Renard C, Crielaard JM. Muscle performance 
in patients with fibromyalgia. Joint Bone Spine 2002;69:293–9.

16. Jones J, Rutledge DN, Jones KD, Matallana L, Rooks DS. Self-as-
sessed physical function levels of women with fibromyalgia: a national 
survey. Womens Health Issues 2008;18:406–12. [CrossRef ]

17. Price DD, McGrath PA, Rafii A, Buckingham B. The validation of 
visual analogue scales as ratio scale measures for chronic and experi-
mental pain. Pain 1983;17:45–56. [CrossRef ]

18. Carbonell-Baeza A, Álvarez-Gallardo IC, Segura-Jiménez V, Cas-
tro-Piñero J, Ruiz JR, Delgado-Fernández M, Aparicio VA. Reli-
ability and feasibility of physical fitness tests in female fibromyalgia 
patients. Int J Sports Med 2015;36:157–62. [CrossRef ]

19. Murillo-Garcia A, Villafaina S, Leon-Llamas JL, Sánchez-Gómez J, 
Domínguez-Muñoz FJ, Collado-Mateo D, et al. Mobility assessment 
under dual task conditions in women with fibromyalgia: a test-retest 
reliability study. PM R 2021;13:66–72. [CrossRef ]

20. Hamilton GF, McDonald C, Chenier TC. Measurement of grip 
strength: validity and reliability of the sphygmomanometer and jamar 
grip dynamometer. J Orthop Sports Phys Ther 1992;16:215–9.

21. Lundberg M, Styf J, Jansson B. On what patients does the Tampa 
Scale for Kinesiophobia fit? Physiother Theory Pract 2009;25:495–
506. [CrossRef ]

22. Tunca Yılmaz Ö, Yakut Y, Uygur F, Uluğ F. Turkish version of the 
Tampa Scale for Kinesiophobia and its test-retest reliability. [Article 
in Turkish]. Fizyoterapi Rehabilitasyon 2011;22:44–9.

23. Ediz L, Hiz O, Toprak M, Tekeoglu I, Ercan S. The validity and re-
liability of the Turkish version of the Revised Fibromyalgia Impact 
Questionnaire. Clin Rheumatol 2011;30:339–46. [CrossRef ]

24. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd 
ed. New Jersey: Lawrence Erlbaum Associates; 1988.

25. Fernández-de-las-Peñas C, Albert-Sanchís JC, Buil M, Benitez JC, 
Alburquerque-Sendín F. Cross-sectional area of cervical multifidus 
muscle in females with chronic bilateral neck pain compared to con-
trols. J Orthop Sports Phys Ther 2008;38:175–80. [CrossRef ]

26. Özçakar L, Ata AM, Kaymak B, Kara M, Kumbhare D. Ultrasound 
imaging for sarcopenia, spasticity and painful muscle syndromes. 
Curr Opin Support Palliat Care 2018;12:373–81. [CrossRef ]

27. Bonaterra GA, Then H, Oezel L, Schwarzbach H, Ocker M, Thieme 
K, et al. Morphological alterations in gastrocnemius and soleus mus-
cles in male and female mice in a fibromyalgia model. PLoS One 
2016;11:e0151116. [CrossRef ]

28. Russek L, Gardner S, Maguire K, Stevens C, Brown EZ, Jayawardana 
V, et al. A cross-sectional survey assessing sources of movement-relat-
ed fear among people with fibromyalgia syndrome. Clin Rheumatol 
2015;34:1109–19. [CrossRef ]

29. Cardoso Fde S, Curtolo M, Natour J, Lombardi Júnior I. Assessment 
of quality of life, muscle strength and functional capacity in women 
with fibromyalgia. Rev Bras Reumatol 2011;51:338–43. [CrossRef ]

30. Henriksen M, Lund H, Christensen R, Jespersen A, Dreyer L, Ben-
nett RM, et al. Relationships between the fibromyalgia impact ques-
tionnaire, tender point count, and muscle strength in female patients 
with fibromyalgia: a cohort study. Arthritis Rheum 2009;61:732–9.

31. Köklü K, Sarigül M, Özişler Z, Şirzai H, Özel S. Handgrip strength 
in fibromyalgia. Arch Rheumatol 2015;31:158–61. [CrossRef ]

https://doi.org/10.1002/acr.20140
https://doi.org/10.3390/ijms22083891
https://doi.org/10.1097/SPC.0000000000000355
https://doi.org/10.1016/j.jbspin.2005.03.022
https://doi.org/10.1016/j.math.2008.09.006
https://doi.org/10.31086/tjgeri.2018240422
https://doi.org/10.1007/s10067-013-2277-4
https://doi.org/10.1016/j.msksp.2022.102541
https://doi.org/10.1093/pm/pnab297
https://doi.org/10.1002/jmri.1880030418
https://doi.org/10.1080/09638280310001639696
https://doi.org/10.2522/ptj.20050320
https://doi.org/10.1016/S1297-319X(02)00373-1
https://doi.org/10.1016/j.whi.2008.04.005
https://doi.org/10.1016/0304-3959(83)90126-4
https://doi.org/10.1055/s-0034-1390497
https://doi.org/10.1002/pmrj.12375
https://doi.org/10.2519/jospt.1992.16.5.215
https://doi.org/10.3109/09593980802662160
https://doi.org/10.1007/s10067-010-1546-8
https://doi.org/10.2519/jospt.2008.2598
https://doi.org/10.1097/SPC.0000000000000354
https://doi.org/10.1371/journal.pone.0151116
https://doi.org/10.1007/s10067-014-2494-5
https://doi.org/10.1590/S0482-50042011000400006
https://doi.org/10.1002/art.24512
https://doi.org/10.5606/ArchRheumatol.2016.5736

