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SUMMARY
Background. The purpose of the present study was to investigate changes in mechan-
ical properties of muscles and tendons in asymptomatic individuals with generalized 
joint hypermobility (GJH).
Methods. This cross-sectional study was conducted in 126 participants aged 19-40 
years. The Beighton score was used to determine whether the participants had GJH. 
An experienced physiotherapist screened all participants using the Beighton score to 
inquire about the presence of GJH. At the end of the clinical evaluations, 36 asymp-
tomatic participants with GJH (age, 24.6 ± 6.1 years) and 34 age- and sex-matched 
controls (age, 24.6 ± 6.8 years) were included in the present study. The oscillation 
frequency (indicator of tone), dynamic stiffness (indicator of stiffness), and logarith-
mic decrement (related to elasticity) of the medial and lateral gastrocnemius, biceps 
brachii, and brachioradialis muscles, and the Achilles and patellar tendons were 
measured with a portable myotonometer (MyotonPRO, Myoton AS, Tallinn, Estonia).
Results. The oscillation frequency, dynamic stiffness, and logarithmic decrement of 
the biceps brachii, brachioradialis, and medial and lateral gastrocnemius muscles were 
similar in GJH and control groups (p > 0.05). In addition, there was no significant 
difference between groups in terms of the oscillation frequency, dynamic stiffness, and 
logarithmic decrement of the Achilles and patellar tendons (p > 0.05). 
Conclusions. The elasticity, stiffness, and/or tone of the biceps brachii, brachioradia-
lis, and medial and lateral gastrocnemius muscles were similar in individuals with and 
without GJH. The results obtained suggest that the mechanical properties of muscles 
and tendons are not associated with GJH.
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BACKGROUND
Generalized joint hypermobility (GJH) describes a condi-
tion involving joints that actively or passively demonstrate 
excessive movement beyond the expected or normal phys-
iological range (1). The prevalence of the GJH is reported 
to vary between 12.5% and 39% in the general population 
(2, 3). GJH is associated with many factors such as sex, 

age, and race. It is well known that females or younger age 
groups have a higher hypermobility compared to males or 
older age groups (4). On the other hand, GJH is related to 
musculoskeletal pathological conditions such as back pain, 
sprains, dislocations, or balance problems (2). There are 
various explanations about high prevalence of musculoskel-
etal pathological conditions in individuals with GJH. It is 
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suggested that higher tissue elasticity may cause a decrease 
in passive or active joint stability (5). The decrease in joint 
stability may alter force production and transmission relat-
ed to musculotendinous structures (6, 7). These changes in 
joint stability or transmission related to musculotendinous 
structures may result in an overload on the joint or related 
structures in the long run. 
There are some factors associated with joint hypermobili-
ty such as hormonal imbalance, genes encoding collagen, 
or environmental factors (8-10). These factors have the 
potential to cause changes in mechanical properties of soft 
tissues, such as muscles and tendons (11-13). The chang-
es in mechanical properties of soft tissues may be a factor 
in excessive movements involving joints in individuals with 
GJH. Mechanical properties such as tone, stiffness, and elas-
ticity of muscles and tendons are important components of 
joint stability or joint controls (14, 15). Changes in mechan-
ical properties of muscles and tendons may be an important 
factor causing the joint excessive movement in individuals 
with GJH. There exist very few studies presenting the chang-
es in mechanical properties of muscle and tendon structures 
in symptomatic patients with the Ehlers-Danlos syndrome 
(16-18). Mechanical properties of muscles and tendons 
would be different in asymptomatic individuals with GJH. 
It is well known that orthopaedic conditions or orthopaedic 
conditions related pain may change the mechanical proper-
ties of muscles and tendons (19-21). In addition, the stiff-
ness of muscles, tendons, or musculotendinous structures 
has been investigated only in these studies; however, other 
parameters such as tone or elasticity of muscles and tendons 
has not been investigated. Identifying a possible change in 
mechanical properties of muscles and tendons may help 
practitioners better understand the pathomechanics of 
increased prevalence of musculoskeletal pathological condi-
tions in asymptomatic individuals with GJH. 
There are several methods for the measurement of muscle 
and/or tendon stiffness, such as myotonometry, elastography, 
shear-wave elastography, and magnetic resonance. Myoto-
nometry has some advantages over magnetic resonance elas-
tography and shear-wave elastography. For example, the 
myotonometer is a portable device that allows measurements 
in different environments. On the other hand, it is relative-
ly low-cost compared to magnetic resonance and/or ultra-
sonography devices. Measurement made with myotonome-
try is easily learned and it is simple to apply compared to 
magnetic resonance elastography and shear-wave elastogra-
phy. In addition, it has been reported that the reliability and 
validity of myotonometry are similar to those of magnetic 
resonance and shear wave elastography (22-25). In addition, 
while magnetic resonance and shear-wave elastography allow 
only stiffness measurements in soft tissue, besides measuring 

stiffness, the myotonometer can also measure other mechan-
ical properties such as tone and elasticity.
The purpose of the present study was to investigate the 
change in the elasticity, stiffness, and/or tone of muscles 
and tendons in asymptomatic individuals with GJH. It was 
hypothesized that (1) muscle and tendon stiffness would 
be lower in asymptomatic individuals with GJH, and (2) 
muscle and tendon elasticity would be higher in individuals 
with GJH compared to controls. 

METHODS

Ethics permission 
All procedures performed in studies involving human partic-
ipants were in accordance with the ethical standards of the 
institutional research committee and with 1964 Helsinki 
declaration and its later amendments or comparable ethical 
standards. To conduct the study, permission was obtained 
from the ethics committee of Toros University (Protocol no: 
2021-5/58). Prior to the study, oral and written informed 
consents were provided by all participants.

Sample size calculation 
Prior to the study, a power analysis was conducted using 
a statistical analysis program (IBM Corporation, SPSS 
Sample Power 3.0 Software Armonk, NY, USA) to identify 
the minimum required sample size. The minimum required 
sample size was calculated to be at least 27 participants 
for each group for the desired power (β) of 80% with an 
assumed alpha level (α) of 0.05 to detect a minimum clini-
cal difference of 40 N/m muscle stiffness when the average 
muscle stiffness value in the control group is 257 N/m with 
a standard deviation of 53 N/m (22).

Individuals  
This cross-sectional study was conducted in 126 partici-
pants aged 19-40 years, who were students/staff of Alan-
ya Alaaddin Keykubat University and Toros University. 
The Beighton score, which was reported as a valid and reli-
able tool for assessing GJH (26, 27), was used to determine 
whether the participants had GJH. The Beighton score 
consists of 5 items as follows: 1) the fifth metacarpopha-
langeal joint passive dorsiflexion score is positive if ≥ 90° 
(bilateral testing), 2) the thump opposition score is posi-
tive if the thump reaches the forearm volar aspect (bilat-
eral testing), 3) the elbow passive hyperextension score is 
positive if ≥ 10° (bilateral testing), 4) the score of the knee 
passive hyperextension is positive if ≥ 10° (bilateral testing), 



643Muscles, Ligaments and Tendons Journal 2021;11 (4)

S. Taş, T. F. Dikici, a. akTaş, a. araci

the device provides the following data: 1) logarithmic 
decrement, 2) dynamic stiffness (N/m), and 3) oscillation 
frequency (Hz). Logarithmic decrement shows the elastic-
ity of the target soft tissue. Dynamic stiffness (N/m) gives 
important information about the resistance capacity of the 
soft tissue against an external force. Oscillation frequency 
(Hz) provides information about the tone of the muscle in 
passive or resting state. 

Mechanical properties of the selected tissues were measured 
by a physiotherapist with a 3-year experience with myotono-
metric measurements, and who was blinded to the groups. 
The dominant hand of the individuals was determined by 
questioning about the hand they used while writing (30), and 
the dominant leg of the individuals was determined by ques-
tioning about the leg they used while kicking the ball (31). 
Similar to previous studies (22, 32), the mechanical proper-
ties of the Achilles tendon were measured on the point 3 cm 
above the calcaneal tuberosity. Based on previous studies (22, 
32), the measurements of the medial and lateral gastrocne-
mius muscle were performed at a point 70% off of the lower 
leg length in line with the popliteal crease to the lateral malle-
olus. The Achilles tendon and medial and lateral gastrocne-
mius measurements were performed while the individuals 
were in prone position, the knees at full extension, and the 
ankle at neutral position. The patellar tendon measurements 
were performed at midpoint between the inferior pole of the 
patella and tuberositas tibiae while the individuals were sitting 
with their legs over the edge of the bed and knees flexed to 
90 degrees (33). For the measurements of the biceps brachii 
muscle, the participants lay in supine position with the wrists 

and 5) the spinal hypermobility score is positive if the hand 
palms rest easily on the floor with straight knees (26, 27). 
The Beighton score ranges from 0 to 9. A Beighton score of 
≥ 5/9 indicates the presence of GJH for adults up to age of 
50 years (28). An experienced physiotherapist screened all 
participants using the Beighton score to inquire about the 
presence of GJH. At the end of the clinical evaluations, 36 
asymptomatic participants with GJH (age, 24.6 ± 6.1 years) 
and 34 age- and sex-matched controls (age, 24.6 ± 6.8 years) 
were included in the present study (figure 1). Individuals 
were excluded from the study if they reported any of the 
following conditions: 1) having a history of a major trauma, 
lower extremity fracture or surgery, 2) having an upper or 
lower orthopedic disorder, such as tendinitis, muscle strain/
sprain, or ligaments injury, 3) having multiple joint pain for 
longer than 3 months, 4) having a systemic disease, such as 
diabetes mellitus, 5) having a neurological or cardiopulmo-
nary disorders, or rheumatic diseases, 6) having a body mass 
index more than 30 kg/m2, and 7) having performed any 
strenuous exercises within 48 h prior to measurements. 

Mechanical properties measurements 
Mechanical properties of the medial and lateral gastrocne-
mius, biceps brachii, and brachioradialis muscles, and the 
Achilles and patellar tendons were measured with a porta-
ble myotonometer (MyotonPRO, Myoton AS, Tallinn, 
Estonia) (figure 2). The MyotonPRO has been reported as 
a reliable and valid device for measuring mechanical prop-
erties of muscles and tendons (22, 23, 29). The MyotonPRO 
applies a mechanical impulse with a constant mechanical 
force (up to 0.6 N) and short duration (15 milliseconds) to 
the target structure. After this mechanical impulse, measur-
ing the mechanical oscillations in the target structure by 

Figure 1. Sample selection fluxogram.

Figure 2. MyotonPRO was used for measurements of the 
mechanical properties of the selected muscles.
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supinated, the elbows at 15° flexion, and the shoulder at 
neutral position and externally rotated. The measurements of 
the biceps brachii were performed at midpoint between the 
acromion and cubital fossa (34). The measurements of the 
brachioradialis were performed at one-thirds distance from 
the styloid process to the lateral supracondylar ridge, while 
the participants lay supine with forearm pronated and elbow 
extended (35) (figure 3). Each test was performed three 
times, and the average of the three measurements was noted.

Statistical analyses 
Statistical analyses were performed using a statistics soft-
ware program (SPSS for Windows version 22, IBM 
Corporation, Armonk, NY, USA). Analytical (Kolmog-
orov–Smirnov/Shapiro–Wilk’s test) and visual methods 
(histograms, probability plots) were performed to decide 
whether the parameters were normally distributed. Mean 
and standard deviation are used to present the normally 
distributed variables. Student’s t-test was used to compare 
the parameters between the GJH and control groups. A 
p-value of less than 0.05 was considered to show a statisti-
cally significant result.

RESULTS
Both groups had similar age (p = 0.940), height (p = 0.437), 
weight (p = 0.290), and body mass index (p = 0.700) (table 
I). The oscillation frequency, dynamic stiffness, and loga-
rithmic decrement of the biceps brachii, brachioradialis, 
and medial and lateral gastrocnemius muscles were similar 
in both GJH and control groups (p > 0.05). In addition, 
there was no significant difference between groups in terms 
of the oscillation frequency, dynamic stiffness, and logarith-
mic decrement of the Achilles and patellar tendons (p > 
0.05) (table II). 

DISCUSSION
The purpose of the present study was to investigate chang-
es in mechanical properties of muscles and tendons in indi-

Table I. Demographic data of GJH and control groups. 

Parameter Control group (n = 34) GJH group (n = 36) P value
Age (year) 24.6 ± 6.8 24.6 ± 6.1 0.940

Height (m) 1.64 ± 0.08 1.66 ± 0.08 0.437

Weight (kg) 58.4 ± 12.2 61.0 ± 15.5 0.290

BMI (kg/m2) 21.5 ± 3.2 21.9 ± 4.3 0.700

Beighton score 1.6 ± 1.0 6.1 ± 1.3 < 0.001
Sex

Male, n (%) 6 (17.6 %) 6 (16.6 %)

Female, n (%) 28 (82.4 %) 30 (83. 4 %)

Dominant hand

Right, n (%) 32 (94.1 %) 35 (97.2 %)

Left, n (%) 2 (5.9 %) 1 (2.8 %)

Dominant limb

Right, n (%) 31 (91.2 %) 35 (97.2 %)

  Left, n (%) 3 (8.8 %) 1 (2.8 %)  

*p < 0.05. Data are presented as mean ± standard deviation.

Figure 3. Locations of the myotonometric measurement: (a) Achil-
les tendon, medial and lateral gastrocnemius muscle, (b) patellar 
tendon, (c) biceps brachii muscle, (d) brachioradialis muscle.



645Muscles, Ligaments and Tendons Journal 2021;11 (4)

S. Taş, T. F. Dikici, a. akTaş, a. araci

viduals with GJH. It was hypothesized that the elasticity 
of muscles and tendons would be higher, and their stiff-
ness would be lower in individuals with GJH compared 
to controls. The hypothesis was based on the idea that 
mutation in the genes encoding collagen and deficiency or 
hormonal imbalance in individuals with hypermobility-re-
lated disorders (9, 10) may cause a collagen deficiency in 
musculoskeletal structures, and it may cause a change in 
mechanical properties of muscles and tendons. Changes 
in mechanical properties of muscles and tendons may be 
a factor for the excessive movements involved in joints in 
individuals with GJH, because mechanical properties of 
muscles and tendons are important components of joint 
stability or joint controls (14, 15). In addition, potential 
changes in mechanical properties of muscles and tendons 
may be related to the increase in the prevalence of muscu-
loskeletal pathological conditions in individuals with GJH 
(5-7). Different from the hypothesis, it was found that 
elasticity, stiffness, and tone of the Achilles tendon, patel-

lar tendon, biceps brachii muscle, brachioradialis muscle, 
and the medial and lateral gastrocnemius muscle were 
similar in individuals with and without GJH. The results 
obtained show that the mechanical properties of muscles 
and tendons were not associated with GJH. There are some 
studies investigating the mechanical properties of muscles 
or tendons. Similar to the results obtained, Magnusson et 
al. (36) reported that passive properties of the muscle-ten-
don unit were similar in women with benign joint hypermo-
bility syndrome and controls. On the other hand, Alsiri et 
al. (16) conducted a study to assess the changes in mechan-
ical properties of muscles and tendons in hypermobility 
spectrum disorders by strain elastography. They reported 
that the elasticity of the brachioradialis muscle, Achilles, 
and patellar tendon was lower in hypermobility spectrum 
disorders; however, the elasticity of the deltoid, biceps 
brachia, rectus femoris, and gastrocnemius muscles was 
similar in individuals with hypermobility spectrum disor-
ders and controls (16). Different from our results, Rombaut 

Table II. Comparisons of the mechanical properties of the assessed tissues between GJH and control groups. 

Parameters Control group (n = 34) GJH group (n = 36) P value
 Medial gastrocnemius muscle      

Frequency (Hz) 15.0 ± 1.8 14.7 ± 1.6 0.462

Stiffness (N/m) 261.7 ± 44.4 249.1 ± 43.4 0.236

  Logarithmic decrement 1.0 ± 0.1 1.0 ± 0.1 0.763

Lateral gastrocnemius muscle      

Frequency (Hz) 15.2 ± 1.9 14.9 ± 2.1 0.486

Stiffness (N/m) 271.5 ± 55.2 262.49.0 0.386

  Logarithmic decrement 1.0 ± 0.1 1.0 ± 0.2 0.661

Biceps brachii muscle      

Frequency (Hz) 13.4 ± 1.0 13.1 ± 0.9 0.177

Stiffness (N/m) 199.8 ± 21.1 200.7 ± 21.3 0.851

  Logarithmic decrement 1.2 ± 0.2 1.2 ± 0.2 0.977

Brachioradialis muscle      

Frequency (Hz) 15.5 ± 1.0 15.2 ± 0.8 0.100

Stiffness (N/m) 252.1 ± 26.0 244.1 ± 19.0 0.143

  Logarithmic decrement 0.9 ± 0.1 1.0 ± 0.1 0.509

Achilles tendon      

Frequency (Hz) 30.8 ± 2.2 30.9 ± 2.0 0.939

Stiffness (N/m) 783.4 ± 66.7 774.7 ± 69.8 0.596

  Logarithmic decrement 0.8 ± 0.1 0.8 ± 0.1 0.311

Patellar tendon      

Frequency (Hz) 22.0 ± 3.2 21.8 ± 3.5 0.888

Stiffness (N/m) 623.1 ± 143.7 640.5 ± 136.4 0.606

  Logarithmic decrement 0.9 ± 0.1 0.9 ± 0.2 0.941

Data are presented as mean ± standard deviation.
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et al. (17) investigated the passive properties of the plan-
tar flexors muscle-tendon tissue in patients with the hyper-
mobility type of Ehlers-Danlos syndrome by measuring 
the passive muscle tension with an isokinetic dynamome-
ter. They found that patients with the hypermobility type 
of Ehlers-Danlos syndrome had a lower passive muscle 
tension in plantar flexors and Achilles tendon stiffness (17). 
Moreover, Nielsen et al. (18) investigated patellar tendon 
stiffness in patients with Ehlers-Danlos syndrome by force 
and ultrasonographic measurements during a ramped 
isometric knee extension. They indicated that patellar 
tendon stiffness was lower in patients with Ehlers-Danlos 
syndrome compared to healthy controls (18). There are 
some potential causes related to the differences in results 
reported in the literature. It seen that different techniques, 
such as measuring passive resistive torque (17, 18, 36), or 
equipment, such as strain elastography, have been used to 
measure the mechanical properties of muscles and tendons. 
Using different techniques or equipment may have caused 
differences in the results. For example, almost all of the 
studies in the literature calculated stiffness by measuring 
passive resistive torque and tendon/muscle-tendon tissue 
elongation. In this technique, tendon/muscle-tendon tissue 
elongation is measured during maximal isometric contrac-
tion and tension of the tendon/muscle-tendon tissue (17, 
18, 36). Contrary to these studies, the passive mechanical 
properties of the assessed tissues were carried out in full 
rest position using a myotonometer. On the other hand, 
studies reporting a change in mechanical properties of 
muscles and tendons have been conducted with symptom-
atic participants with Ehlers-Danlos syndrome or hypermo-
bility spectrum disorders (16, 17). The reported changes in 
the mechanical properties of muscles and tendons in these 
studies (16, 17) may be related to orthopaedic disorders 
or chronic multiple-joint pain of the study participants. It 
is well known that orthopaedic conditions or orthopae-
dic conditions related to pain may change the mechanical 
properties of muscles and tendons (19-21). 
The study has some limitation. First, the study was conduct-
ed with young participants. Mechanical properties of 
muscles and/or tendons would be different in middle aged 
or geriatric individuals with GJH. Second, the mechanical 
properties of muscles and tendons were only measured in 
the passive state. They may be different in tension or load-
ing conditions in individuals with GJH. Further studies are 
needed to investigate the mechanical properties of muscles 
and tendons in tension or loading conditions in individuals 
with GJH. Lastly, the assessed muscles are global movers of 
the related joint. The mechanical properties of the stabiliser 
muscles may be different in individuals with GJH.

CONCLUSIONS
It was found that the elasticity, stiffness, and/or tone of 
the biceps brachii, brachioradialis, and medial and lateral 
gastrocnemius muscles were similar in individuals with and 
without GJH. The results obtained show that the mechani-
cal properties of muscles and tendons are not associated with 
GJH. The results also suggest that mechanical properties of 
muscles and tendons are not associated with the excessive 
movements involving joints in individuals with GJH. 

CONFLICT OF INTERESTS
The authors declare that they have no conflict of interests. 

REFERENCES 
1.  Hiemstra LA, Kerslake S, Kupfer N, Lafave MR. Generalized 

joint hypermobility does not influence clinical outcomes follow-
ing isolated MPFL reconstruction for patellofemoral instabili-
ty. Knee Surg Sports Traumatol Arthrosc 2019;27(11):3660-7.

2.  Russek LN, Errico DM. Prevalence, injury rate and, symptom 
frequency in generalized joint laxity and joint hypermobility 
syndrome in a “healthy” college population. Clin Rheumatol 
2016;35(4):1029-39.

3.  Reuter PR, Fichthorn KR. Prevalence of generalized joint 
hypermobility, musculoskeletal injuries, and chronic muscu-
loskeletal pain among American university students. PeerJ 
2019;7:e7625.

4.  Remvig L, Jensen DV, Ward RC. Epidemiology of general joint 
hypermobility and basis for the proposed criteria for benign 
joint hypermobility syndrome: review of the literature. J Rheu-
matol 2007;34(4):804-9.

5.  Palmer S, Bailey S, Barker L, Barney L, Elliott A. The effective-
ness of therapeutic exercise for joint hypermobility syndrome: 
a systematic review. Physiotherapy 2014;100(3):220-7.

6.  Desmyttere G, Mathieu E, Begon M, Simoneau‐Buessinger E, 
Cremoux S. Effect of the phase of force production on cortico-
muscular coherence with agonist and antagonist muscles. Eur J 
Neurosci 2018;48(10):3288-98.

7.  Cashaback JG, Cluff T. Increase in joint stability at the expense 
of energy efficiency correlates with force variability during a 
fatiguing task. J Biomech 2015;48(4):621-6.

8.  Hakim AJ, Cherkas LF, Grahame R, Spector TD, MacGregor 
AJ. The genetic epidemiology of joint hypermobility: a popula-
tion study of female twins. Arthritis Rheum 2004;50(8):2640-4.

9.  Malfait F, Hakim A, De Paepe A, Grahame R. The genet-
ic basis of the joint hypermobility syndromes. Rheumatology 
(Oxford) 2006;45(5):502-7.

10.  Denko CW, Boja B. Growth hormone, insulin, and insulin-like 
growth factor-1 in hypermobility syndrome. J Rheumatol 
2001;28(7):1666-9.

11.  Foster BP, Morse CI, Onambele GL, Williams AG. Human 
COL5A1 rs12722 gene polymorphism and tendon properties 
in vivo in an asymptomatic population. Eur J Appl Physiol 
2014;114(7):1393-402.



647Muscles, Ligaments and Tendons Journal 2021;11 (4)

S. Taş, T. F. Dikici, a. akTaş, a. araci

12.  Doessing S, Heinemeier KM, Holm L, et al. Growth hormone 
stimulates the collagen synthesis in human tendon and skel-
etal muscle without affecting myofibrillar protein synthesis. J 
Physiol 2010;588(2):341-51.

13.  Ham S, Kim S, Choi H, Lee Y, Lee H. Greater muscle stiffness 
during contraction at menstruation as measured by shear-wave 
elastography. Tohoku J Exp Med 2020;250(4):207-13.

14.  Maganaris CN, Paul JP. In vivo human tendon mechanical 
properties. J Physiol 1999;521 Pt 1(Pt 1):307-13.

15.  Stanev D, Moustakas K. Stiffness modulation of redundant 
musculoskeletal systems. J Biomech 2019;85:101-7.

16.  Alsiri N, Al-Obaidi S, Asbeutah A, Almandeel M, Palmer S. 
The impact of hypermobility spectrum disorders on musculo-
skeletal tissue stiffness: an exploration using strain elastogra-
phy. Clin Rheumatol 2019;38(1):85-95.

17.  Rombaut L, Malfait F, De Wandele I, et al. Muscle–tendon 
tissue properties in the hypermobility type of Ehlers‐Danlos 
syndrome. Arthritis Care Res (Hoboken) 2012;64(5):766-72.

18.  Nielsen RH, Couppé C, Jensen JK, et al. Low tendon stiff-
ness and abnormal ultrastructure distinguish classic Ehlers‐
Danlos syndrome from benign joint hypermobility syndrome 
in patients. FASEB J 2014;28(11):4668-76.

19.  Taş S, Korkusuz F, Erden Z. Neck Muscle Stiffness in Partic-
ipants With and Without Chronic Neck Pain: A Shear-
Wave Elastography Study. J Manipulative Physiol Ther 
2018;41(7):580-8.

20.  Lee W-C, Ng GY-F, Zhang Z-J, Malliaras P, Masci L, Fu S-N. 
Changes on tendon stiffness and clinical outcomes in athletes 
are associated with patellar tendinopathy after eccentric exer-
cise. Clin J Sport Med 2020;30(1):25-32.

21.  Finnamore E, Waugh C, Solomons L, Ryan M, West C, Scott 
A. Transverse tendon stiffness is reduced in people with 
Achilles tendinopathy: A cross-sectional study. PLoS One 
2019;14(2):e0211863.

22. Taş S, Salkın Y. An investigation of the sex-related differences in 
the stiffness of the Achilles tendon and gastrocnemius muscle: 
Inter-observer reliability and inter-day repeatability and the effect 
of ankle joint motion. Foot (Edinb) 2019;41:44-50.

23.  Taş S, Yaşar Ü, Kaynak BA. Interrater and Intrarater Reliability of 
a Handheld Myotonometer in Measuring Mechanical Properties 
of the Neck and Orofacial Muscles. J Manipulative Physiol Ther 
2021;44(1):42-8.

24.  Taş S, Onur MR, Yılmaz S, Soylu AR, Korkusuz F. Shear wave 
elastography is a reliable and repeatable method for measuring 
the elastic modulus of the rectus femoris muscle and patellar 
tendon. J Ultrasound Med 2017;36(3):565-70.

25.  Kishimoto R, Suga M, Koyama A, et al. Measuring shear-wave 
speed with point shear-wave elastography and MR elastography: a 
phantom study. BMJ open 2017;7(1):e013925.

26.  Cooper DJ, Scammell BE, Batt ME, Palmer D. Development and 
validation of self-reported line drawings of the modified Beighton 
score for the assessment of generalised joint hypermobility. BMC 
Med Res Methodol 2018;18(1):1-8.

27.  Glans M, Humble MB, Elwin M, Bejerot S. Self-rated joint 
hypermobility: the five-part questionnaire evaluated in a Swed-
ish non-clinical adult population. BMC Musculoskelet Disord 
2020;21(1):1-8.

28.  Malfait F, Francomano C, Byers P, et al. The 2017 international 
classification of the Ehlers–Danlos syndromes. Am J Med Genet 
C Semin Med Genet; 2017;175(1):8-26.

29.  Schneebeli A, Falla D, Clijsen R, Barbero M. Myotonometry for 
the evaluation of Achilles tendon mechanical properties: a reli-
ability and construct validity study. BMJ Open Sport Exerc Med 
2020;6(1):e000726.

30.  Peters M, Reimers S, Manning JT. Hand preference for writing 
and associations with selected demographic and behavioral vari-
ables in 255,100 subjects: the BBC internet study. Brain Cogn 
2006;62(2):177-89.

31.  Taş S, Bek N. Effects of morphological and mechanical properties 
of plantar fascia and heel pad on balance performance in asymp-
tomatic females. Foot (Edinb) 2018;36:30-4.

32.  Huang J, Qin K, Tang C, et al. Assessment of passive stiffness 
of medial and lateral heads of gastrocnemius muscle, Achilles 
tendon, and plantar fascia at different ankle and knee positions 
using the MyotonPRO. Med Sci Monit 2018;24:7570.

33.  Klich S, Ficek K, Krymski I, et al. Quadriceps and Patellar 
Tendon Thickness and Stiffness in Elite Track Cyclists: An Ultra-
sonographic and Myotonometric Evaluation. Front Physiol 
2020;11:607208.

34.  Agyapong-Badu S, Warner M, Samuel D, Stokes M. Measure-
ment of ageing effects on muscle tone and mechanical properties 
of rectus femoris and biceps brachii in healthy males and females 
using a novel hand-held myometric device. Arch Gerontol Geri-
atr 2016;62:59-67.

35.  Lo WLA, Zhao JL, Chen L, Lei D, Huang DF, Tong KF. 
Between-days intra-rater reliability with a hand held myotonome-
ter to quantify muscle tone in the acute stroke population. Sci Rep 
2017;7(1):14173.

36. Magnusson SP, Julsgaard C, Aagaard P, et al. Viscoelas-
tic properties and flexibility of the human muscle-tendon 
unit in benign joint hypermobility syndrome. J Rheumatol 
2001;28(12):2720-5.


