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ABSTRACT

Object�ve: Muscle tissue parameters including composition and stiffness of muscle can have an important effect on muscle strength. In this study, we
aimed to investigate the relationships between muscle echo-intensity (EI), tendon stiffness and muscle strength in young men and women.
Methods: Ultrasound B-mode images of the Rectus Femoris (RF), Vastus Medialis (VM) and Patellar Tendon (PT) were acquired in fifty-two healthy
subjects (mean age; 27.43±5.3 years). RF, VM and PT stiffness were characterized by shear-wave elastography measurements. Quantitative evaluati‐
ons were performed, including measurement of muscle and tendon thickness and muscle EI. Isometric knee extension muscle strength was measu‐
red using hand-held dynamometer.
Results: RF stiffness had a good correlation with muscle strength (r=-0.46, p<0.05) and had a fair correlation with EIRF(r=-0.37,p<0.05), VM stiffness
had a good correlation with muscle strength (r=0.42, p<0.05) and had a fair correlation with EIVM (r=-0.43,p<0.05) in women. RF stiffness had a good
correlation with muscle strength (r=-0.54, p<0.05), had a good correlation with EIRF(r=-0.41,p<0.05) in men.VM stiffness had a good correlation with
muscle strength(r=-0.50; p<0.05), and had a good correlation with EIVM(r=-0.60,p<0.05) in men. EIRF and EIVM had a good relation with muscle st‐
rength in men and women (For EIRF; r=-0.46; r=-0.54; for EIVM; r=-0.42; r=-0.50 p<0.05, respectively)

Conclus�ons: This study demonstrates that there is a relationship between isometric muscle strength and passive muscle stiffness, muscle EI. Additi‐
onally, muscle EI affects muscle stiffness in healthy men and women. Our results should be considered in elite athletes for whom the strengthening
program is important.
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ÖZ

Amaç: Kas composiziyonu ve kas sertliği gibi kas dokusu parametreleri kas kuvveti üzerinde önemli bir etkiye sahip olabilir. Bu araştırmada, sağlıklı
genç erkek ve kadınlarda kas eko-intensitesi (EI) ile kas ve tendon sertliğinin izometrik kas kuvveti ile arasındaki ilişkiyi incelemeyi amaçladık.
Yöntem: Elli-iki sağlıklı katılımcının (ortalama yaş: 27,43±5,3 yıl) Rektus Femoris(RF), Vastus Medialis(VM) ve Patellar Tendon(PT)’unun B-Mod ultrason
görüntüleri elde edildi. RF, VM ve PT sertliği shear-wave elastografi ölçümleri ile karakterize edildi. Kas ve tendon kalınlığı, EI ölçümü gibi nicel değer‐
lendirmeler yapıldı. İzometrik diz ekstansiyon kas kuvveti hand-held dinamometre kullanılarak ölçüldü.
Bulgular: Kadınlarda RF kas sertliği ile kas kuvveti arasında iyi bir korelasyon (r=-0.46, p<0.05), EIRF ile orta derecede bir korelasyon vardı (r=-0.37,
p<0.05). VM sertliği ile kas kuvveti arasında iyi bir korelasyon (r= 0,42, p<0,005), EIVM ile orta derecede bir korelasyon (r=-0,43, p<0,05) vardı. Erkek‐
lerde RF sertliği ile kas kuvveti (r=-0,54, p<0.05) ve EIRF (r=-0.41, p<0.05) ile iyi bir korelasyon vardı. VM sertliği ile kas kuvveti (r=-0.50; p<0.05) ve
EIVM(r=-0.60, p<0.05) ile iyi bir korelasyona sahipti. Kadın ve erkeklerde, EIRF ve EIVM'nin kas kuvveti arasında negatif korelasyon bulundu (sırasıyla
EIRF için; r=-0.46; r=-0.54; for EIVMiçin; r=-0.42; r=-0.50 p<0.05)

Sonuçlar: Bu çalışma, izometrik kas kuvveti ile pasif kas sertliği ve EI'si arasında bir ilişki olduğunu göstermektedir. Ayrıca, kas EI'nin sağlıklı erkek ve
kadınlarda kas sertliğini etkilediğini göstermektedir. Çalışma sonuçlarımız kuvvetlendirme programının önemli olduğu elit sporcularda mutlaka dikkate
alınmalıdır.
Anahtar Sözcükler: Ekointensite, ultrasonografi, kas sertliği, shear-wave eleastografi, kas kuvveti

INTRODUCTION
Normal skeletal muscle st��ness �s related to act�ve tens�on
result�ng from muscle contract�on and pass�ve tens�on cre-
ated by connect�ve t�ssue (1). Both pass�ve and act�ve musc-
le st��ness contr�bute to phys�cal funct�on. Pass�ve st��ness
plays a role �n muscle performance and exerc�se compl�an-

ce (2). It �s suggested that muscle st��ness �s closely related
to decreased jo�nt range of mot�on and �ncreased muscle
st��ness �s assoc�ated w�th jo�nt st��ness. So, pass�ve musc-
le st��ness has been reported as an �mportant factor for
sports �njur�es. (3). Isometr�c and �sok�net�c muscle st-
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rength are known to closely related w�th muscle th�ckness
or muscle s�ze (4).

Qual�tat�ve changes �n skeletal muscle t�ssue are caused by
a decl�ne �n type II f�bre s�ze (5). It has also observed that
�ntramuscular and �ntermuscular fat depos�t�on �ncreases
w�th ag�ng or �nact�v�ty (6). Skeletal muscle fat �nf�ltrat�on
�s related w�th �mpa�red muscle strength and mob�l�ty, ma-
k�ng �t an �mportant marker for muscle health (7). Palmer et
al. (8) �nd�cated that �ncreased muscle echo-�ntens�ty may
contr�bute to the prom�nent pass�ve muscle st��ness �n ol-
der adults. Due to fat �nf�ltrat�on �n the muscles, the rat�o of
�ntramuscular ad�pose t�ssue �ncreases and the muscle/fat
rat�o decreases (9). It �s thought that changes �n muscle
compos�t�on attr�buted to fat �nf�ltrat�on m�ght cause chan-
ges �n v�scoelast�c propert�es of muscles and tendons. Un-
derstand�ng the mechan�cal propert�es and parameters of
muscles and tendons that a�ect the�r ab�l�ty to generate for-
ce makes s�gn�f�cant contr�but�ons to the �mprovement of
phys�cal act�v�ty and athlet�c performance and prevent�on
of jo�nt and muscle �njur�es (10). Therefore, factors a�ect�ng
the force-generat�ng ab�l�ty of skeletal muscle and tendon
structures have been a top�c of current research (11). S�nce
muscle mechan�cal propert�es cause changes �n tendon
st��ness, �t has become even more �mportant to expla�n the
respons�ble parameters (12).

Muscle and tendon st��ness �s def�ned as an �nternal res�s-
tance to changes �n muscle and tendon shape caused by an
external force. Muscle strength product�on takes place w�th
the help of the elast�c behav�or of the muscles and tendons
(13). Pass�ve st��ness �s a cr�t�cal determ�nant of muscle
performance dur�ng sport�ve act�v�t�es and/or funct�onal
movements. It can have a profound e�ect on muscle st-
rength and force product�on by �n�uenc�ng the veloc�ty of
the contract�le component (14). T�ssue st��ness �s also asso-
c�ated w�th repet�t�ve stress and stra�n �njur�es.

Ultrasonography (US) has been reported to be a val�d and
rel�able tool for est�mat�ng muscle mass by measur�ng
muscle cross-sect�onal area and muscle th�ckness, as well
as pred�ct�ng muscle qual�ty by gray-scale analys�s of musc-
le echo-�ntens�ty (EI). On the other hand, shear wave elas-
tography (SWE) �s an ultrasound-based techn�que that can
character�ze the v�scoelast�c propert�es of muscles and ten-
dons based on the propagat�on of remotely �nduced shear
waves (15). Increased EI refer to h�gher �nf�ltrat�on of f�bro-
t�c t�ssue and/or ad�pose t�ssue �n the muscle (16). Intra-
muscular fat leads to a reduct�on �n max�mum �sometr�c
tens�on �n an�mal models. S�m�larly, �ncreases �n �ntramus-
cular fat have been reported to result �n lower spec�f�c for-
ces (force/phys�olog�cal cross-sect�onal area) �n muscle s�-
mulat�on appl�cat�ons (17). Th�s �s why est�mat�ng �ntra-

muscular fat accumulat�on recently ga�ned attent�on. The
e�ect and mechan�sm of �ntramuscular fat on the st��ness
of muscle and tendon �s st�ll unclear. Indeed, �ncreased t�s-
sue st��ness (�.e., the relat�onsh�p between a g�ven force
and the amount of stra�n the t�ssue �s subjected to) can �nc-
rease strength product�on. Therefore, tendon and muscle
st��ness and adaptat�ons of structures w�th�n the muscle
such as muscle echo-�ntens�ty may a�ect muscle strength.

Decreased knee muscle strength �s assoc�ated w�th worse-
ned mob�l�ty and performance, and �ncreased knee prob-
lems and �njur�es (18). Cons�der�ng the relat�onsh�p of
muscle strength w�th var�ous qual�t�es, �t seems �mportant
to know how muscle strength can be �mproved and the ba-
s�c phys�olog�cal factors that a�ect muscle strength. If prac-
t�t�oners want to �ncrease the muscle strength of healthy �n-
d�v�duals or pat�ents w�th poor muscle strength, or profess�-
onal athletes, they need to understand wh�ch parameters
are more �mportant �n terms of muscle strength. Therefore,
we �nvest�gated the relat�onsh�p between �sometr�c muscle
strength and muscle EI and muscle and tendon st��ness �n
young healthy adults us�ng shear wave elastography (SWE).
We hypothes�zed that 1) part�c�pants w�th less muscle EI ex-
h�b�t h�gher muscle and tendon shear modulus, as fat �s
less st�� than muscle t�ssue. 2) Muscle EI and st��ness are
related w�th �sometr�c muscle strength �n healthy men and
women.

MATERIAL and METHODS
Th�s study was reported follow�ng the “Strengthen�ng the
Report�ng of Observat�onal Stud�es �n Ep�dem�ology” (ST-
ROBE) (19).

Subjects

F��y-two (36 female, 16 male) healthy young and sedentary
adults were �ncluded. Sedentary �nd�v�duals who were not
�nvolved �n any sports and d�d not exerc�se regularly for at
least 6 months were �ncluded �n the study. Exclus�on cr�te-
r�a were as follows: (a) part�c�pat�ng �n any form of �ntense
phys�cal act�v�ty or sport�ng act�v�ty �n the past 72 hours,
(b) �nd�v�duals who had orthopaed�c or neurolog�c or rhe-
umatolog�c d�sease related to the lower extrem�ty (c) had
lower extrem�ty surgery or major trauma h�story, (d) part�c�-
pants w�th h�story of major trauma or surgery �n the upper
and/or lower extrem�ty or card�opulmonary d�seases.

Ultrasonograph�c Assessment

All part�c�pants were exam�ned w�th grey-scale US and SWE
(Ph�l�ps Med�cal Systems EPIQ5 Release5.0.2, Amsterdam)
that was equ�pped w�th a h�gh resolut�on l�near-array probe
(8-12 MHz, code: eL18-4). A rad�olog�st w�th over 15 years
musculoskeletal exper�ence evaluated and �maged the pa-
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F�gure 1.  Measurement of elast�c property of the Vastus Med�al�s (VM) �n
long�tud�nal v�ew. (A) Long�tud�nal grey scale sonograms of VM on the �dent�cal
scan planes. (B) Colour-coded box presentat�ons of the VM elast�c�ty (st��er
areas were coded �n red and softer areas �n blue) super�mposed on a
long�tud�nal grey scale sonogram of the VM

tellar tendon and skeletal muscles of each part�c�pant. The
part�c�pants were allowed to rest for 10 m�nutes �n order to
evaluate the mechan�cal propert�es of the muscles and ten-
dons at rest�ng status. Dom�nant s�de of part�c�pants was
used for ultrasonograph�c assessments. The leg of dom�-
nance was determ�ned by ask�ng the subject to k�ck a ball.
To evaluate vastus med�al�s (VM) st��ness, transducer was
placed at 50% of the d�stance between the greater trochan-
ter and the med�al condyle of the femur. To evaluate Rectus
Femor�s (RF), transducer located on the m�dpo�nt of the
l�ne connect�ng the anter�or super�or �l�ac sp�ne w�th the
super�or edge of the patella (20). Dur�ng th�s assessment,
subjects were ly�ng �n sup�ne pos�t�on w�th the�r legs exten-
ded and relaxed. In order to asses Patellar Tendon (PT) st��-
ness, the probe was placed at the �nfer�or pole of patella
and al�gned w�th the patellar tendon. Scann�ng of PT was
performed w�th the subject �n sup�ne pos�t�on w�th knee at
30° of �ex�on (21). Once a clear �mage of the muscles and
tendon has been captured, the shear wave elastography
mode was act�vated. M�n�mal force was appl�ed to avo�d
pressure art�fact dur�ng the ultrasonograph�c exam�nat�on.

The probe was held steady for about 10 seconds dur�ng
SWE map acqu�s�t�on. The data were expressed �n kPa and
med�an and mean values were also presented. The k�lopas-
cal (kPa) un�t was used to assess the muscle st��ness (F�gu-
re 1). US screen d�splays a color-coded elastogram. H�gh
shear wave veloc�ty (SWV) represents h�gher st��ness, low
SWV represents low st��ness, and SWV �s d�rectly related to
t�ssue st��ness (22) . Image J so�ware (Vers�on 1.48v, Nat�-
onal Inst�tutes of Health, Bethesda, MD, USA) was used to
evaluate muscle end tendon echo-�ntens�ty. The average
echo-�ntens�ty of the muscles were ranged from between 0
(black) to 255 (wh�te) arb�trary un�ts (a.u). Values approac-
h�ng 0 �nd�cate more �ntramuscular fat, wh�le values appro-
ach�ng 255 �nd�cate more muscle t�ssue or contract�le struc-
ture. (23). Lastly, muscle and tendon th�ckness was measu-
red as the d�stance between the �nternal borders of the su-
perf�c�al and deep aponeuroses (24). All ultrasonograph�c
measurements were made three t�mes and the average of
the values was recorded for stat�st�cal analys�s.

Isometr�c Muscle Strength

Max�mal voluntary �sometr�c quadr�ceps femor�s muscle st-
rengths were evaluated w�th a Lafayette Hand-Held Dyna-
mometer model 01163 (Lafayette, Sagamore, USA) by the
same author. Part�c�pants were seated w�th the�r knees �e-
xed 60° and the�r feet on the ground. Dynamometer was
placed on the anter�or aspect of the d�stal t�b�a, just super�-
or to the malleol�. Three assessments w�th 30 s rest between
measurements was performed by the same �nvest�gator (25).

 

 

Stat�st�cal Analys�s

All data was analyzed us�ng the SPSS22 (IBM Corp., Ar-
monk, NY) program. Kolmogorov–Sm�rnov and Shap�ro–
W�lk and graph�cal h�stogram analys�s were used to check
for normal�ty and the Mann–Wh�tney U test and Spear-
man's test were performed. G*Power program was used �n
order to determ�ne sample s�ze. Based on Tas et al. (26)
study, the correlat�on coe��c�ent between muscle strength
and tendon st��ness was at least 0.44 and e�ect s�ze was
seen to be 0.19. Accord�ng to the power analys�s results
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Table 1. Character�st�cs of the study subjects
Mean±SD (m�n-max) Women (n: 36) Men (n: 16) p value
Age (years) 26.5±9.64 (20-35) 28.74±4.32 (20-32) 0.231
He�ght (cm) 165.13±4.69 (156-172) 170.68±6.16 (163-183) 0.342
We�ght (kg) 68.31±15.21 (44-120) 75.42±12.32(59-96) 0.085
BMI (kg/m2) 25.08±5.59 (17.36 – 40.56) 26.44±4.87(20.66-26.13) 0.123
Isometr�c Muscle Strength (kg-f) 22.2±4.85 (16.50-36.20) 24.08±3.18 (21.30-36.40) 0.072
Rectus Femor�s 
Th�ckness (cm) 
St��ness (kPA) 
Echo-�ntens�ty (a.u)

1.22±0.47 (0.74-3.41) 
13.50±6.34 (7.06-30.06) 
73.72±11.16 (59.44-102)

1.23±0.23(0.98-1.83) 
17.10±9.02 (8.24-42.4) 

62.62±23.14 (40.55-102)

0.249 
0.034* 
0.019*

Vastus Med�al�s 
Th�ckness (cm) 
St��ness (kPA) 
Echo-�ntens�ty (a.u)

2.95±0.70 (1.70-4.40) 
15.56±7.97 (5.88-39.40) 

80.27±11.72 (56.26.87-109)

2.56±0.36 (2.08-3.33) 
15.80±2.67 (5.88-34.10) 

74.43±17.06 (50.19-109.90)

0.075 
0.137 

0.041*

Patellar Tendon 
Th�ckness (cm) 
St��ness (kPA) 
Echo-�ntens�ty (a.u)

0.25±0.05 (0.15-0.35) 
43.93±27.95(24.7-58.8) 
72.21±19.49 (22.40-119)

0.30±0.06 (0.24-0.55) 
55.09±29.04 (31.80-161) 

77.13±24.29 (40.36-122.00)

0.001* 
0.089 
0.285

SD; standard Dev�at�on, *; Mann-Wh�tney U test, p<0.05, BMI; Body Mass Index, cm; cent�meters, kg; k�logram, kg-f; k�logram-force, kPA; k�lopascal, a.u; arb�trary
un�t

Table 2. Correlat�ons between patellar tendon st��ness, patellar tendon echo-�ntens�ty and �sometr�c muscle strength �n women and men
WOMEN Rectus Femor�s St��ness Vastus Med�al�s St��ness Patellar Tendon St��ness
BMI -0.086 -2.72 -0.220
Isometr�c Extensor Muscle Strength -0.463** -0.421** -0.009
Rectus Femor�s Echo-Intens�ty -0.374** -0.147 -0.187
Vastus Med�al�s Echo-Intens�ty -0.030 -0.437** -0.002
Patellar Tendon Echo-Intens�ty -0.093 -0.010 0.036
Rektus Femor�s Th�ckness -0.072 -0.104 -0.054
Vastus Med�al�s Th�ckness -0.430 -0.200 0.067
Patellar Tendon Th�ckness -0.171 -0.331 0.167
MEN Rectus Femor�s St��ness Vastus Med�al�s St��ness Patellar Tendon St��ness
BMI -0.258 -0.516* -0.419
Isometr�c Extensor Muscle Strength -0.544* -0.500* 0.604
Rectus Femor�s Echo-Intens�ty -0.410 * 0.498 0.461
Vastus Med�al�s Echo-Intens�ty -0.428 -0.608* 0.159
Patellar Tendon Echo-Intens�ty 0.180 -0.558 -0.461
Rektus Femor�s Th�ckness -0.483 0.352 0.697
Vastus Med�al�s Th�ckness -0.068 -0.350 -0.038
Patellar Tendon Th�ckness -0.093 -0.270 -0.228

w�th Type-I error rates of 0.05 and 90% power, 52 subjects
were part�c�pated �n the study.

RESULTS
Th�s study �ncluded f��y-two healthy volunteers (36 wo-
men, 16 men) aged 19 to 35 years. The demograph�c charac-
ter�st�cs of subjects are summar�zed �n Table 1. Women had
a mean age of 26.5±9.64 years (range, 20–35), and a mean
BMI of 25.08±5.59 (range, 17.36 – 40.56) kg/m2. Men had a
mean age of 28.74±4.32 years (range, 20-32) and a mean BMI

of 26.44±4.87 kg/m2 (range, 20.66-26.13). There were no s�g-
n�f�cant d��erences �n age, we�ght, he�ght or BMI between
men and women.. RF and VM th�ckness, VM st��ness, PT
st��ness and PT EI were s�m�lar between gender (p>0.05).
Women were found to have a h�gher RF st��ness, EIRF and
EIVM compared to men (p<0.05). In add�t�on, women were
observed to have a lower PT th�ckness compared to men
(p<0.05) (Table 1).

The correlat�on analys�s revealed that RF st��ness had a
good correlat�on w�th muscle strength (r= -0.46, p<0.05)
and had a fa�r correlat�on w�th EIRF (r=-0.37, p<0.05). VM
st��ness had a good correlat�on w�th muscle strength (r=
-0.42, p<0.05) and had a fa�r correlat�on w�th EIVM (r=-0.43,
p<0.05) �n women. It was also found that RF st��ness had a
good correlat�on w�th muscle strength (r=-0.54, p<0.05) and
had a good correlat�on w�th EIRF (r=-0.41, p<0.05). VM st��-

ness had a good correlat�on w�th BMI (r=-0.51, p<0.05), had
a good correlat�on w�th muscle strength (r=-0.50; p<0.05),
and had a good correlat�on w�th EIVM (r=-0.60, p<0.05) �n
men. PT st��ness was not assoc�ated w�th muscle strength
�n women and men (p>0.05) (Table 2). EIRF and EIVM had a
good relat�on w�th muscle strength �n men and women (For
EIRF; r=-0.46; r=-0.54; for EIVM; r=-0.42; r=-0.50 p<0.05,
respect�vely).
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DISCUSSION
The major f�nd�ngs of the present study were that (1) the RF
and VM muscle st��ness had a good relat�on w�th EIRF and
EIVM whereas had no relat�on w�th patellar tendon st��ness
(2) EIRF and EIVM and muscle st��ness were closely related
w�th �sometr�c muscle strength. Our pr�mary results were
cons�stent w�th our hypothes�s.

Def�c�ts �n the act�ve component are more eas�ly recogn�zed
because of the�r adverse e�ects on da�ly funct�on�ng, whe-
reas s�m�lar changes �n the pass�ve component are more
d���cult to �dent�fy. SWE prov�des �nformat�on about the
mechan�cal and v�scoelast�c propert�es of the reg�on �n qu-
est�on by generat�ng shear waves �n muscle and tendon t�s-
sue and then measur�ng the veloc�ty of the propagat�ng
shear waves (27). The veloc�ty of these shear waves �s rela-
ted to the shear modulus of the muscle. Shear waves travel
faster �n hard t�ssues and slower �n so� t�ssues. Therefore,
the so�er the t�ssue the slower the SWE and the smaller the
Young's modulus. It �s approved that ad�pose t�ssue �s so�er
than skeletal muscle t�ssue (28). The shear modulus �s ex-
pected to be h�gher �n the muscle t�ssue wh�ch conta�ns lo-
wer muscular fat than �n the muscle wh�ch conta�ns h�gher
muscular fat. Rahem� et al. (17) showed that the accumula-
t�on of �ntramuscular fat or �ncreased EI resulted �n �ncre-
ased muscle t�ssue st��ness �n the�r a f�n�te element mode-
l�ng study. In our study, these assumpt�ons were conf�rmed
by detect�ng �ncreased fat rat�o or EIRF and EIVM was asso-
c�ated w�th �ncreased muscle st��ness �n healthy
part�c�pants.

Alfura�h et al. (29) reported that decl�ne �n skeletal muscle
st��ness pos�t�vely correlates w�th muscle weakness �n the�r
study conducted w�th healthy young, m�ddle-aged and ol-
der �nd�v�duals. Several stud�es have demonstrated relat�on
between age-related �ncrease �n pass�ve muscle st��ness
and decl�ned muscle strength (30,31).

S�nce the decrease �n muscle strength due to sarcopen�a
�ncrease mortal�ty, deter�orat�on �n muscle strength and po-
wer should be taken �nto cons�derat�on. H�rata et al. (32)
showed that younger part�c�pants had greater muscle st��-
ness (�.e. harder) than older part�c�pants. Our study �nd�ca-
ted that pass�ve muscle st��ness also closely related w�th
�sometr�c muscle strength �n healthy �nd�v�duals. D��eren-
ces �n muscle st��ness �mply that �t �s proport�onal to the
rat�o of contract�le and non-contract�le t�ssues. So� t�ssue
compos�t�on d��ers between men and women. Pass�ve gast-
rocnem�us muscle st��ness was 6% lower �n women com-
pared to men (33). We observed st��ness �n RF was %21 lo-
wer �n healthy women when compared to healthy men.
Also, we showed that echo-�ntens�ty was h�gher �n women.

On the other hand, Ch�no et al. (34) showed that no gender
d��erence was observed �n the med�al gastrocnem�us musc-
le st��ness and also, Tang et al. (35) po�nted no s�gn�f�cant
d��erence �n SWE values of the RF between men and wo-
men �n the relaxed pos�t�on. However, these stud�es d�d not
have any �nformat�on on muscle echo�ntens�ty. In our
study, wh�le there was no d��erence �n muscle and tendon
st��ness between men and women, �t was found that musc-
le echo dens�ty d��ered accord�ng to gender.

Musculoskeletal t�ssue �s st��er than fat t�ssue so the shear
modulus �s expected to be lower �n muscle conta�n�ng more
�ntramuscular fat than muscle w�th lower �ntramuscular
fat. Young et al (36) �nd�cated that �ntramuscular fat was
pos�t�vely correlated w�th BMI. Ho�man et al. (37) showed
no relat�on between BMI and gastrocnem�us muscle st��-
ness �n d��erent s�tuat�ons such as rest�ng pos�t�on and du-
r�ng muscle contract�on. Thus, we cons�der that VM elast�c
propert�es may be a�ected by sex and d��erence �n �ntra-
muscular fat d�str�but�on. Demograph�c character�st�cs,
such as gender can �n�uence both muscle st��ness and of
muscles EI. Furthermore, muscle echogen�c�ty should be
cons�dered when assess�ng muscle st��ness �n men and
women.

We �nvest�gated the relat�onsh�p between �sometr�c knee
extensor muscle strength and muscle EI. There was a relat�-
onsh�p between EIRF and �sometr�c muscle strength �n wo-
men and there was a relat�onsh�p between EIRF and
EIVMand �sometr�c muscle strength �n men. Echo-�ntens�ty
was assoc�ated w�th �sometr�c muscle strength �n older and
younger subjects (r = 0.27–0.64) (38). Muscular fat �nf�ltrat�-
on also has relat�onsh�p w�th jump�ng and spr�nt perfor-
mance �n younger healthy people bes�des relat�on w�th
muscle strength (39). Strength tra�n�ng and explos�ve move-
ments produce �mprovement �n power by recru�t�ng type II
f�bers. Slow f�bers seem to be st��er than fast muscle f�bers
(40). Cons�der�ng these f�nd�ngs, our results poss�bly �nd�-
cate that greater fat �nf�ltrat�on �nto the muscle and lower
pass�ve muscle st��ness are assoc�ated w�th lower �sometr�c
muscle strength �n healthy men and women. In future stu-
d�es, �t would be useful to �nvest�gate how to reduce �ntra-
muscular fat or muscle EI and �mprove the qual�ty of musc-
le compos�t�on.

Our study had several l�m�tat�ons. F�rstly, age group of �nd�-
v�duals �n our study do not correspond to ch�ldren or older
age groups. Secondly, we �ncluded healthy part�c�pants
w�th no musculoskeletal problems. Lastly, there was only
one measurement s�te.
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CONCLUSION
Our study denoted �nf�ltrat�on of ad�pose t�ssue �n muscle
t�ssue may man�fest as changes �n muscle st��ness and
changes of muscle strength �n healthy men and women.
The results of th�s study demonstrated that s�gn�f�cant cor-
relat�ons ex�sted among muscle EI and muscle st��ness �n
healthy part�c�pants. Moreover, RF and VM muscle EI and
muscle st��ness were negat�vely correlated w�th �sometr�c
muscle strength.
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