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The association between ankle mobility and Achilles tendon, plantar fascia, iliotibial band
stiffness and elasticity in athletes

Sporcularaa ayak bilegi mobilitesi ile Asil tendonu, plantar fasya, iliotibial bant sertligi ve
elastikiyeti arasindaki iliski
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ABSTRACT

Objectives: The ankle range of motion in the kinetic chain is very important. The joint mobility can affect soft tissue mechanical features and alter athle-
tic performance. This study aimed to determine whether there was a relationship between the stiffness and elasticity of iliotibial band (ITB), Achilles
tendon (AT), plantar fascia (PF), and ankle mobility in athletes.

Materials and Methods: Thirty professional athletes (n=10, basketball, n=10, volleyball, n=10, running) participated in this study. ITB-AT-PF- mechani-
cal properties (stiffness and elasticity) were measured bilaterally with a Myoton-Pro. Ankle mobility was measured with an inclinometer during knee to
wall lunge test.

Results: Ankle mobility was not correlated with the mechanical properties (p>0.05). AT-stiffness had weak negative correlation with AT-elasticity
(r=-0.48), ITB-stiffness had moderate negative correlation with ITB elasticity and weak positive correlation with AT-stiffness on the nondominant side
(r=-0.65,0.44). AT-elasticity had moderate and weak negative correlations between AT and PF-stiffness, respectively (r=-0.63,-0.41), ITB-stiffness had
weak negative correlation with ITB-elasticity on the dominant side (r=-0.36). Dominant side AT and nondominant side ITB-elasticity of runners and
nondominant and dominant side ITB-stiffness of basketball players were significantly higher (p<0.05).

Conclusion: There was no significant relationship between ankle mobility and mechanical properties of the ITB-AT-PF. These findings may be useful in
planning rehabilitation or conditioning programs in terms of injury prevention.
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Amag: Kinetik zincirde ayak bilegi hareket acikligi cok dnemlidir. Eklem hareketliligi yumusak doku mekanik dzelliklerini etkileyebilir ve atletik performan-
sI degistirebilir. Bu ¢alisma, sporcularda ayak bilegi mobilitesinin iliotibial bant (ITB), Asil tendonu (AT), plantar fasya (PF) sertlik ve elastikiyeti ile iliskisini
beliremek amaciyla yapildi.

Gereg ve Yontemler: Calismaya 30 profesyonel sporcu (n=10 basketbolcu, n=10 voleybolcu, n=10 kosucu) katildi. ITB, AT ve PF mekanik ¢zellikleri
(sertlik ve elastikiyet) Myoton-Pro cihazi ile bilateral 6lctldi. Ayak biledi mobilitesi inklinometre ile diz-duvar ¢dmelme testi sirasinda dl¢ilda.

Bulgular: Ayak bilegi mobilitesi mekanik ¢zelliklerle korelasyon gostermedi (p>0,05). AT sertligi, AT elastisikiyeti ile zayif negatif korelasyon gosterdi
(r=-0,46). Dominant olmayan tarafta ITB sertligi, ITB elastikiyeti ile orta diizeyde negatif, AT sertligi ile zayif pozitif korelasyon gosterdi (r=-0,65,0,44). AT
elastikiyeti, AT ve PF sertligi arasinda orta ve zayif negatif korelasyon bulundu (r=-0,63,-0,41). Dominant tarafta ITB sertligi ile ITB elastikiyeti arasinda
zayif negatif korelasyon vardi (r=-0,36). Kosucularin dominant taraf AT ve dominant olmayan taraf ITB elastikiyeti ve basketbolcularin dominant olma-
yan ve dominant taraf ITB sertligi daha yiksek bulundu (p<0.05).

Sonug: Ayak bilegi mobilitesi ile ITB-AT-PF' nin mekanik &zellikleri arasinda iliski yoktu. Elde edilen bulgular rehabilitasyon ve kondisyon programlarinin
planlamasinda yaralanmalarin énlenmesi agisindan yarar saglayabilir.

Anahtar Sozciikler: Sertlik, elastikiyet, ayak bilegi mobilitesi, iliski, sporcular

INTRODUCTION

Fascia and tendons are important structures responsible for  tion of athletic movement is associated with the spring-like
transmitting the force created by the muscles. They store  mechanism of musculotendinous units. The mechanical
and release elastic energy (1). This physical feature is es-  properties of musculotendinous units are stiffness and elas-
sential for the effective functioning of human movement, ticity which transmit strength or power during sprinting,
and efficiency in athletic performance (2). The characteriza-  jumping or cutting (3). Stiffness is defined by the slope of a
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force-displacement curve for a given body and/or material
(e.g., a tendon) (4). Elasticity is a mechanical feature that
describes an ability of a material to recover its previous
configuration after it has been deformed by an applied load
(5). If a structure becomes too elastic, overloading may oc-
cur with the reduction of force. If it becomes too stiff, there
may be an increase in forces in the kinetic chain.

Also, the range of motion is very important for force trans-
mission or absorption in the kinetic chain. The restriction
of ankle movements leads to undesired alignments and lo-
ads on the knee, hip and even upper segments (6) and can
affect mechanical features of soft tissue, alter athletic per-
formance, and cause musculoskeletal injuries, e.g. ankle
sprains, knee and hip injuries as well as reinjuries inclu-
ding plantar fasciopathy, Achilles tendinopathy (7) and ili-
otibial band syndrome (8).

Some studies, including tasks such as sprinting, landing
and single-leg stance have tried to explain the connection
between ankle mobility and stiffness (9, 10). However, the
surrounding soft tissue structures of joints such as muscles,
tendon, fascia, and ligament contributing to the passive jo-
int stiffness and it is difficult to detect isolated muscle or
tendon stiffness due to joint torque change (11). Therefore,
it is not clear whether specific soft tissues differ in terms of
joint mobility. Myotonometry is a novel and noninvasive
technique that provides an objective measure of mechani-
cal properties of soft tissue such as compliance, stiffness,
tone, elasticity, relaxation time and creep. But there were
limited studies investigating the relationship between the
mechanical properties of soft tissues and ankle mobility
such as muscle, tendons and fascia in healthy sedentary
participants (12, 13).

The decrease in ankle mobility may alter the mechanical
properties of the muscle-tendon-fascia, especially the stiff-
ness, and it may restrict the ankle joint movement. Decre-
ased ankle dorsiflexion is known to cause decreased flexibi-
lity of the gastrocnemius/soleus complex and restriction of
the posterior talar glide (14). Also, decreased dorsiflexion is
seen as an important risk factor for excessive knee valgus
and may affect the ITB stiffness and elasticity in the kinetic
chain. The knee valgus is compensated by increased knee
flexion in the sagittal plane or increased hip internal and
adductor moment in the transverse/frontal plane (15). To
the best of our knowledge, there are no studies assessing
stiffness and elasticity of iliotibial band (ITB), Achilles Ten-
don (AT) and plantar fascia (PF) and the relation with ankle
mobility in sport.

Investigating the relationship between ankle mobility and
soft tissue mechanical properties may provide a better un-
derstanding of possible injuries. Furthermore, ankle mobi-
lity and soft tissue mechanical properties may alter with the
type of sports itself. Therefore, identifying the possible rela-
tionship between these parameters and the type of athletic
activity may help us to develop proper training or rehabili-
tative exercises. The aim of this study was to demonstrate
the mechanical properties of ITB, AT and PF, and ascertain
their relation with ankle mobility in athletes with different
training characteristics. We hypothesized that limited ank-
le-dorsiflexion would be related to increased stiffness and
decreased elasticity of ITB, AT and PF in athletes.

MATERIALS and METHODS
Participants

The minimum total number of participants required for
each group was calculated as 10 (0=0.05) in order to deter-
mine a possible significant difference with an acceptable
effect size (f=0.70) G-power program version 3.9.1.7 was
used in power analysis. This study included a total of 39
professional runners, basketball and volleyball players bet-
ween the ages of 19 and 32 years. It was reported that leg
dominance affected weight-bearing mobility performance
(16). This study was carried out only with male athletes ha-
ving right lower extremity dominance and normal body
mass index (BMI); because dominancy, sex and obesity co-
uld affect joint mechanical properties. The dominant leg
was determined by asking the athletes to kick the ball.

The athletes underwent a clinical interview to determine
eligibility. Exclusion criteria were being female, left side do-
minance, history of ankle injury or surgery in the last 6
months, any neurological or systemic disease, acute pain
or/and inflammation on ITB, AT and PF or disclosure of
anabolic drug abuse.

30 professional male athletes who met the inclusion criteria
(n=10 basketball, n=10 volleyball, n=10 running) participa-
ted in the study. The physical characteristics of athletes are
given in Table 1. All measurements were performed bilate-
rally during the off-season in the afternoon, at the appropri-
ate temperature (22-24 °C) and humidity (%45-60) in the
same environment. Athletes were asked to refrain from
high-intensity exercise for 48 hours before testing. The par-
ticipants provided their signed informed consent before
participating in this study, which was approved by Hasan
Kaloncu University Noninvasive Clinical Ethics Committee
and numbered 2020-100. Clinical Trial identifier Number:
NCTo4737226.
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Table 1. Demographic characteristics of athletes

Mean ¢ SD Min-Max
Age (year) 26.07 £ 4.41 18-35
Height (cm) 188.40 + 12.03 157-211
Weight (kg) 8173+ 1824 51-116
Sport age (year) 12.37 + 4.33 5-22
Assessments

Myotonometric Measurements

Bilateral ITB, AT and PF stiffness and elasticity were evalu-
ated with MyotonPro device (Myoton Ltd, Estonia). The me-
asurement method of the device is based on the free oscilla-
tion technique. Firstly, the probe of the device is placed per-
pendicular to the skin and a pre-pressure (0.18 N) is applied
to compress the subcutaneous tissue. Then, a short (15 ms)
mechanical impulse (0.40 N) is applied, causing damped
oscillation on the tissue and the co-oscillation is recorded
by an accelerometer. The raw signal is then processed to fil-
ter the frequencies that are not the natural oscillation of the
tissue. Finally, the filtered acceleration curve is used to cal-
culate the mechanical properties of the tissue by the formu-
la below (17).

ap X Mprob

Stiffness k = Al

Mechanical properties and ankle mobility in athletes

a,; maximum acceleration, mprob; probe mass of the devi-
ce and Al; is the maximum displacement of tissue.

The MyotonPro device provides data on three different mec-
hanical properties. Stiffness and elasticity were used in this
study. Stiffness (N/m) indicates resistance to any contracti-
on or external intervention. Elasticity (log) is obtained as a
logarithmic reduction of the natural oscillation of soft tissu-
es. The MyotonPro can reliably assess the stiffness and elas-
ticity of AT and PF (18, 19). Also, it has good to excellent
test-retest reliability and repeatability that has been estab-
lished in previous studies (18).

Athletes were placed in a prone position on a massage table
and the feet hanging freely over the edge and advised to
stay and relax for 5 minutes in this position. After that, ath-
letes were instructed not to move their feet during the me-
asurement. The reference points were marked with a skin
marker. The AT was assessed at 4 cm above the distal inser-
tion of the tendon (calcaneal tubercle) (Figure 1a) (18). The
PF was measured in the middle of the foot, intersecting
with the lateral basis of the fifth metatarsal bone (Figure 1b)
(20). The ITB was assessed at 3 centimeters (cm) above of
lateral femoral condyle (Figure 1c). Each measurement was
repeated 3 times bilaterally and average was recorded.

Figure 1. a) AT measurement, b) PF measurement, ¢) ITB measurement, d) Knee to wall lunge test

Ankle Mobility Assessment

The mobility assessment was performed after myotonomet-
ric measurements. Ankle mobility was measured with the
use of a fluid-filled inclinometer while a knee-to-wall lunge
test was performed. The knee to wall lunge test was perfor-
med in a standing position while the heel was in contact
with the ground and the knee was in line with the second
toe. The athlete was asked to lunge forward without lifting
the heel off the floor. Once maximal dorsiflexion was reac-
hed, the inclinometer was placed at the middle anterior ti-
bial crista and the dorsiflexion angle was recorded. The test
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was repeated 3 times and the average value was calculated
(Figure 1d) (21). The inter-reliability and intra-reliability of
knee-to wall test have been previously reported as excellent

(22).
Statistical Analysis

Descriptive statistics were summarized as mean * standard
deviation for numerical data. The Shapiro-Wilk test was
used to check whether the data were normally distributed.
Kruskal-Wallis test was used for comparison of the groups.
If the Kruskal-Wallis test yielded a significant p-value, post-
hoc pairwise comparisons (after Dunn correction) were
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used to determine the source of the difference. Pearson cor-
relation coefficient was used to determine correlations bet-
ween numerical variables. The magnitude of the correlati-
ons was interpreted as follows: below 0.499, poor, 0.500 to
0.699, moderate, 0.700 to 0.899, good, and 0.900 to 1.000,
excellent (22). The effect size was defined according to Co-

hen, with the standardized effect (np?) being small for np?

>0.1, medium for np? >0.25 and large for np? >0.4. The SPSS
(Windows version 24) was used for statistical analyses and
a p-value less than o0.05 was considered statistically
significant.

RESULTS

The descriptive statistics of ankle mobility and AT, PF and
ITB mechanical properties concerning extremities are sho-
wn in Table 2. Dominant side AT elasticity and ankle mobi-
lity were lower than nondominant side. Nondominant side
ITB stiffness was higher than dominant side (p<0.05). There
was no significant correlation between nondominant side
ankle mobility and mechanical properties (p>0.05). AT stiff-
ness had weak negative correlation with AT elasticity (r=
-0.46), ITB stiffness had moderate negative correlation with
ITB elasticity and moderate positive correlation with AT
stiffness on the nondominant side (r= -0.65 and 0.44, res-
pectively) (Table 3).

Table 2. The comparison of mechanical properties and mobility values.

Nondominant side (Mean = SD)

Ankle Mobility (*) 127.00 + 4.26
AT Stiffness (N/m) 781.05 £ 110.87
AT Elasticity (log) 0.85+ 015
PF Stiffness (N/m) 502.42 *+ 78.06
PF Elasticity (log) 115 £ 0.20
ITB Stiffness (N/m) 504.69 t 133.07
ITB Elasticity (log) 115+ 0.21

Dominant side (Mean z SD) z P

12533 £ 4.71 -1.08 0.04"

772.99 + 82.67 -0.46 0.64

0.90 * 0.15 -218 0.03"

506.29 + 64.34 -1.13 0.26

117+ 0.12 -0.03 0.97

474.05 * 123.61 -260 0.01"

114+ 0.24 -0.34 073

AT, Achilles tendon. PF; Plantar fascia. ITB; lliotibial band. N/m; Newton/meter. log; logarithmic decrement. * p<0.05

Table 3. Ankle mobility and mechanical properties of the nondominant side

Ankle Mobility Sti::ess AT Elasticity

Ankle Mobility Fr) 100 _8;317 8.‘8%
AT Stiffness Fr) _8;17 1o -5?1
AT Elasticity Fr) 8.8; -04:1 1o
PF Stiffness ; 8’8; _c()). 315,3 gj,g
PF Elasticity IIC; géi g;; —g:g
ITB Stiffness Fr) _c?. 597 6‘,'32 g:gg
ITB Elasticity | P T 087

AT; Achilles tendon. PF; Plantar fascia. ITB; Iliotibial band. * p < 0.05, ** p < 0.01

There was no significant correlation between dominant
side ankle mobility and mechanical properties (p>0.05). AT
elasticity had a moderate and weak negative correlation be-
tween AT and PF stiffness (r= -0.63 and -0.41, respectively),
ITB stiffness had weak negative correlation with ITB elasti-
city on the dominant side (r= -0.36) (Table 4).

The descriptive statistics of age, height, body weight and
sport age values with respect to sports discipline are shown
in Table 5. Significant differences were found between the
groups in age, height, weight and sport ages (p<0.05). Bas-
ketball players were older and more experienced than run-
ners and volleyball players; however, runners were shorter

PF Stiffness LPF Elasticity ITB Stiffness ITB Elasticity
0.32 0.18 -0.07 0.06
0.08 0.34 0.69 0.75
-0.18 -0.01 44" -0.27
0.34 0.94 0.02 015
0413 -0.15 0.03 -0.11
0.48 0.42 0.86 0.57
1.00 0.33 0.04 -0.07

0.07 0.82 0.72
0.33 1.00 -018 0.27
0.07 0.33 0.15
0.04 -0.18 1.00 -.65""
0.82 0.33 0.00
-0.07 0.27 -.65"" 1.00
0.72 015 0.00

and lighter than basketball and volleyball players (p<o0.05).
The dominant and nondominant side ankle mobility were
similar between the groups (p>0.05). Dominant side AT and
nondominant side PF elasticity were significantly different
between the groups. Dominant-nondominant side ITB stiff-
ness and nondominant side ITB elasticity were significantly
different between groups. Dunn's posthoc test showed; the
dominant side AT and nondominant side ITB elasticity of
runners were lower than basketball and volleyball players.
Nondominant side PF elasticity of volleyball players was
lower than others (p<o.05). Nondominant and dominant
side ITB stiffness of basketball players was higher than the
others (p<o0.05).
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Table 4. Ankle mobility and mechanical properties of the dominant side

Ankle Mobility AT Stiffness AT Elasticity PF Stiffness PF Elasticity ITB Stiffness ITB Elasticity
Ankle Mobility | oo ois o7 00s s 080 o
AT Stiffness Fr) _c?élg 0 '5(,303;* —gézg _5'315 g:fé 8:3411
AT Elasticity rr> 8% oego 1.00 :).%12* g.;fgs gjé 5)31?
PRStifiness [ 0c7 om0 e o o) 570 o8
PF Elasticity Fr) g:gg 5331;3 g-gg ggg 1.00 81238 8::421
TBStifiness s o o o070 ot 1o o
ITB Elasticity r; g-ig 8:;11 (;331;9 8534 852 5.3062 100

Abbreviations; AT; Achilles tendon. PF; Plantar fascia. ITB; Iliotibial band.* p < 0.05, ** p < 0.01

Table 5. Group comprasion of characteristics and mechanical properties

Runner
(Mean & SD)
Age (year) 24.8 £ 3.29
Height (cm) 174.6 + 911
Weight (kg) 613t 527
Sport age (year) 11.3 £ 3.27
ND Ankle Mobility () 123.9 t 451
D Ankle Mobility (°) 1251 + 3.48
D AT Stiffness (N/m) 763.5 6773
D AT Elasticity (log) 0.8+0.14
ND AT Stiffness (N/m) 730.9 t 48.03
ND AT Elasticity (lLog) 0.8:0.15
D PF Stiffness (N/m) 507.6 + 68.37
D PF Elasticity (log) 1.2+ 010
ND PF Stiffness (N/m) 491.6 + 65.01
ND PF Elasticity (log) 12 +0.07
D ITB Stiffness(N/m) 417.0 £ 103.02
D ITB Elasticity (lLog) 12+0.29
ND ITB Stiffness (N/m) 4261 + 83.79
ND ITB Elasticity (lLog) 1.3+0.26

Basketball P

Volleyball P

2 2

(Mean £ SD) (Mean t SD) X P ne
20.4  3.63 24.0 + 4.45 8.52 0.01 0.29
106.0 + 9.32 194.6 £ 7.09 17.74 0.00 0.61
977 +11.25 86.2+ 1215 19.35 0.00 0.67
155 * 3.87 10.3 t 4.24 8.11 0.02 0.28
124.8 + 563 1273+ 3.53 2.47 0.29 0.09
127.9 + 6.03 128.0 + 2.00 318 0.20 0.11
7647 + 93.25 790.8 + 90.61 0.98 0.61 0.03
1.0 £ 015 0.9*013 7.36 0.02 0.25
8221 +104.84 790.2 +146.82 477 0.09 0.17
0.9t0.17 08+014 0.71 0.70 0.02
5195 + 53.34 491.8 +73.44 118 0.55 0.04
11t 015 12+ 011 1.09 0.60 0.04
5372+ 8577 4785 *79.99 311 0.21 o1
12 +0.15 1.0 £ 0.28 6.05 0.04 0.21
566.8 £ 102.30 4383 + 116.40 7.55 0.02 0.26
1.0+0.21 12+021 2.77 0.25 0.10
609.8 £ 134.39 478.2 +100.86 10.54 0.01 0.36
1.0+ 013 11+ 017 6.15 0.04 021

Abbreviations; AT, Achilles tendon, PF; Plantar fascia, ITB; lliotibial band, P; player, N/m; Newton/meter, log; logarithmic decrement, D; dominant side, NS, nondo-

minant side. Values in bold letter show significant differences.

DISCUSSION

There are several studies investigated the AT stiffness (18,
23-26). AT stiffness of elite soccer players were higher in the
study conducted by Cristi-Sanchez et al. (23) than AT stiff-
ness values found in our study. Sakalauskaité&Satkunski-
ené analyzed PF, AT stiffness and elasticity of 21 soccer pla-
yers with Myoton (27), and they found slightly lower values
than our results. In another study, AT stiffness of female
netball players was measured in the lying and standing po-
sitions (28). In the lying position, AT stiffness values were
found to be lower than our results. In another study con-
ducted with basketball players, AT stiffness values were si-
milar with the results of basketball players participated to
our study, whereas the elasticity of AT was higher than ours
(24).

Ankle mobility restriction can affect the biomechanical cha-
in and athletic performance, joint mobility reduction may
increase joint and muscle stiffness, muscle activity pat-
terns, impair the efficiency of movements (6, 29, 30). Limi-
ted dorsiflexion was demonstrated with the higher projecti-

on of the knee in the frontal plane during dynamic tasks
(squatting, jumping, single-leg squatting) and large frontal
and transverse knee motions (internal rotation and adduc-
tion) in several studies (6, 31, 32). The foot-ankle is a region
where many joints and muscles interact dynamically. The
tightness of the PF or the AT leads to limited ankle dorsifle-
xion and injuries (31). Both structures (AT and PF) are asso-
ciated anatomically and functionally during the stance
phase and dynamic gait. Increased active or passive tension
of the AT can cause increased plantarflexion moment of
hindfoot and dorsiflexion moment of the forefoot. These
moments also may increase tension in the PF for stabilizing
the foot arch (32). Therefore, a positive correlation has been
demonstrated between the mechanical properties of both
structures dynamically in another study (20). If the dorsifle-
xion of the ankle was increased via strain or force, the PF
and AT stiffness were raised similarly (30). A restriction of
dorsiflexion limits the anterior translation of the tibia over
the fixed foot and this restriction is compensated with foot

12
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pronation. When the foot pronation increases, PF and AT
can be overloaded and get stiffer because of calcaneus rota-
tion. We found weak negative correlation between AT elas-
ticity and PF stiffness on the dominant side. A strong nega-
tive correlation has been demonstrated between AT stiff-
ness and PF elasticity in hyperpronated ankles (27). We did
not find any relation between ankle mobility and mechani-
cal properties.

Lumbar spine stiffness and mobility of lumbar spine as-
sessments revealed a discrepancy (33). We observed that
nondominant and dominant side AT stiffness had strong
and moderate negative correlations with AT elasticity. Weak
and moderate negative correlations were detected in ITB
stiffness and elasticity, respectively. If the stiffness incre-
ased in a tissue, elasticity would decrease; which has been
supported by researches (34).

Ankle hypermobility may cause delayed hip abductor
muscle firing patterns (35). In the lower extremity chain,
the increase in adduction moment may result in a weakness
of the proximal antagonistic muscle groups (36). This un-
controlled femoral adduction and internal rotation due to
hip weakness cause an increase in the ITB tightness (37).
The strengthening of proximal kinetic chain musculature,
specifically gluteus medius has been recommended for
controlling ankle motion. We postulated that the moderate
positive correlation between nondominant side ITB and AT
stiffness which may also prove this inefficiency in the kine-
tic link.

Our results showed that mechanical properties of the AT,
PF and ITB, especially stiffness and elasticity, vary among
different sports disciplines. The right AT and left ITB elasti-
city of runners were greater than others. Volleyball players
had higher PF elasticity on the nondominant side. Besides,
basketball players had stiffer ITB, bilaterally. These diffe-
rences among different sports may be related to adaptation
to the needs of the sport itself and the physical characteris-
tics of the athlete. The adaptation of the tendon to training
has been explained with scientific evidence but there is not
enough information about which training methods (eg; st-
rength, plyometric or endurance) could affect tendon stiff-
ness. One of the studies revealed adaptation over time (38).
The adaptation of AT to short or long-term training and its
relation to sportive performance is controversial. Runners
with the best performance in a 5000-meter marathon have
been reported to have lower AT stiffness than those with
worse performance (39). On the contrary, in different studi-
es, medium and long distance runners with the best run-
ning economy or performance have higher AT stiffness (40).

The AT stiffness has been found to be similar for different
positions in the same sport (23). It is well-known that midfi-

eld footballers run more than those playing in other positi-
ons and are exposed to extra workload. Therefore, adaptati-
ons are expected in the tendon and soft tissue because of
the mechanical demands of the sport and long-term tra-
ining. It is possible to see these kind of adaptations in kara-
te or nethall players as demonstrated in previous studies
(25, 28). AT, PF and ITB might have been adapted mechani-
cally according to the specific needs of sports or training
regimes.

Limitations

Several limitations have hindered our ability to draw defini-
tive conclusions. First, we did not assess the adipose tissue
of the athletes that may affect the interpretation of the re-
sults. The second limitation of the study was lack of EMG
measurement which might have revealed the relaxation of
the muscles to perform a better assessment.

CONCLUSION

This study revealed that ankle mobility was not correlated
with AT, PF and ITB mechanical properties. Mechanical
properties might differ according to sports discipline. The
data related to joint mobility and mechanical properties
may provide useful information in planning rehabilitation
or conditioning programs in terms of injury prevention.
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