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Sprinting, isokinetic strength, and range of motion of ankle 

joints in Turkish male and female national sprinters may have a 

relationship
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Aim: We aimed to observe the isokinetic muscular strength diff erences of the ankle-foot complex of sprinters of both 

sexes to understand the eff ectiveness of the ankle and subtalar ranges of motion on the sprint performances of elite 

athletes. 

Materials and methods: Elite Turkish national sprinters (n = 11; 5 females and 6 males) were assessed regarding their 

ankle joint isokinetic performance (30°/s and 120°/s), joint ranges, and sprint times.  

Results: A signifi cant diff erence was observed between the average power of the right dorsifl exors (P < 0.001) of female 

athletes and the right invertors (P < 0.05) of male athletes at 120°/s for the 100-m sprint time. Th e average powers of 

the right (P < 0.05) and left  (P < 0.05) evertors of the male athletes at 30°/s were signifi cantly negatively correlated with 

sprint time. Additionally, only the plantar fl exion range was signifi cant for male athletes’ sprint times, and the dominant 

invertors’ peak torque at 120°/s in female athletes was signifi cant (P < 0.05).

Conclusion: Th e strength of the nondominant side dorsifl exors of female athletes and the nondominant invertors of 

male athletes are important in decreasing the strength asymmetry to disregard the strength of the nondominant side in 

relation to sprint performance. 
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Introduction 

Th e strength of the athletes is the main factor that 
dominates the 100-m sprint running performance 
(1-3). Th is is especially important immediately fol-
lowing the beginning action of sprint running and 
during the support phase of sprinting (2). In the 
ankle joint, while the muscles carry on the respon-
sibility of producing the maximal muscle power and 
the peak moment when the foot contacts the ground 
at midfoot strike, they are also responsible for posi-
tioning the foot in plantar fl exion and inversion (1-
5). Th is provides shortening in the duration of the 

support phase for faster forward acceleration and 

decreases the contact time for less friction between 

the foot and the ground (5,6). Th e antagonistic dor-

sifl exors and evertors are eccentrically contracting to 

control the concentrically contracted plantar fl exors 

and invertors (2). Th e fl exibility and the strength of 

the muscles are important for this cocontraction of 

the muscle groups to prepare the foot for push-off ; 

the other hand, the leg muscles and the noncon-

tractile tissues must also be fl exible enough to store 

the elastic energy in the prestrectched antagonists 

(5). However, during this cocontraction in midfoot 
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strike, the gastrocnemius muscle, as a biarticular 
plantar fl exor, is also responsible in transmitting the 
power of the proximal muscles, mainly the hip and 
knee extensors, to the ankle joint for the powerful 
plantar fl exion and knee extension necessary for the 
toe-off  (3,7,8). Th e soleus muscle is the main plan-
tar fl exor generating the force in the late stance (3,8). 
Meanwhile, it was reported that the elasticity of the 
Achilles tendon did not play any specifi c role during 
push-off  since it does not diff er between elite sprint-
ers and untrained people (9,10). Th erefore, the con-
tribution of the ankle joint during the start action of 
midfoot sprinting is important due to the function 
of the biarticular gastrocnemius muscle and the so-
leus muscles that are producing the greater peak of 
ankle joint moment and power and consequently the 
greater block and toe-off  velocity (11).

Hence, the active range of motion (ROM) of the 
ankle joint is important for positioning the foot in 
midfoot contact and the fl ying phase (8,9). It has 
been stated that a total of 40° of active ROM in the 
sagittal plane is needed during a midfoot sprint, 
from 10° of dorsifl exion to 30° of plantar fl exion in 
a midfoot running cycle (3,8,10). From this point of 
view, muscle strength and joint ROM are essential 
features during the positioning of the foot in midfoot 
strike and during the force activation in toe-off . 
Although females are more fl exible than males, as 
O’Brien et al. stated, the sex diff erence may not aff ect 
the viscoelastic properties of the tendon during 
force activation (12). However, it was stated that the 
isokinetic strength at slow (30°/s, 60°/s) and medium 
(120°/s, 140°/s) velocities of agonist and antagonist 
ankle joint muscles may cause the main diff erences 
in the sprint running times of healthy athletes of both 
sexes (8,13,14). Additionally, the imbalance that arises 
between the right and left  sides due to dominancy or 
leg preference may also result in an asymmetry of 
strength and fl exibility of the lower extremities and 
may possibly aff ect the athlete’s performance and 
increase the risk of injury (15,16). Ziyagil reported 
the importance of right-handedness, explaining that 
right-handed subjects had better sprinting speeds 
and multiple-sprint performances (17). Th us, the 
relations among the physiological, anatomical, 
and anthropometrical diff erences between men 
and women athletes on both sides resulting in 
diff erent performance levels in sprint running may 

be other considerations to focus on (10,17-21). 

Th is may provide practical information regarding 

the performance of injured athletes for testing the 

dynamic strength of the ankle-foot complex and for 

decision-making about their return to competition 

during their rehabilitation process (14,22,23). It 

may also be informative for coaches while they are 

planning strength-training programs for the athletes 

to improve their performances. Th erefore, the 

purpose of this study was to observe the relationship 

between the isokinetic strength and ankle joint range 

and the running time in Turkish male and female 

national sprinters of both sexes.  

Methods 

Subjects

Th e investigation was conducted on 11 elite sprinters 

(5 females [F] & 6 males [M]) with a mean age of 

21.3 ± 3.4 years (range: 18-27 years). Th eir mean 

body weight (BW) was 57.0 ± 4.9 kg (F) and 71.5 ± 

6.6 kg (M), their mean height was 167.8 ± 5.2 cm (F) 

and 175.6 ± 5.4 cm (M), and their mean body mass 

index (BMI) was 20.2 ± 1.1 kg/m2 (F) and 23.1 ± 1.1 

kg/m2 (M). Th ey had no history of recent injury to 

their lower extremities. All were national sprinters as 

hurdlers at distances of 100 m (n = 4), 400 m (n = 3), 

100-200 m (n = 2), and 110 m (n = 2) for periods of 

1-9 years. Except for one male, all were right-handed. 

Th ey all gave written consent of their own free will to 

participate in the test protocols of the study, which 

were approved by the Ethics Committee of Marmara 

University. Th e following were the inclusion criteria 

for the study: being licensed athletes for at least 3 

years, being on the national team at least once or 

being eligible for inclusion,  and being in the top 3 

rankings according to Turkish national classifi cation. 

Th e scarcity of the athletes eligible for these criteria 

was the main limitation of the study.  

Equipment

A Cybex 6000 was used to assess the dorsifl exor, 

plantar fl exor, evertor, and invertor strength (peak 

torque, peak torque / BW, total work, average power) 

of the athletes. Position calibration was performed 

at the beginning of each test on  both sides at slow 

(30°/s) and medium (120°/s) velocities (13,23,24).   
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An electronic goniometer (Lafayette Guymon 
Electronic Goniometry) was used to measure the 
ankle joint ROM of both ankles.      

Th e NewTest Photocell System 2000 (NewTest 
OY) was used to measure the duration of the 100-m 
sprint run of the athletes. BMI (kg/m2) was calculated 
according to the formula of weight / height2 for each 
athlete.

Assessment

Th e athletes were informed about the isokinetic test 
procedures and they were asked to perform the test 
with their maximal eff ort. Th us, encouragement and 
feedback were given during the test.   

Before the tests began, the athletes warmed up 
with a 10-min free run on a treadmill. Th ey were 
then asked to perform a warm-up exercise of 10 
submaximal repetitions at 90°/s in order to adapt to 
the movement and the equipment. For testing the 
dorsifl exion and the plantar fl exion, the subjects lay 
prone with hip and knee joints at full extension; for 
ankle eversion and inversion, they lay supine with 
the knee fl exed to 90° and the ankle placed in neutral 
position (90°). Th e ankle joint axis was aligned with 
the axis of the dynamometer and it was stabilized 
tightly against the trochlea tali, keeping in mind that 
there might be a clear shift  between the ankle joint 
axis and the axis of rotation of the dynamometer 
(25,26). Th e reference angle corresponded to the 
ankle’s neutral position (90°). Tight Velcro  bands 
were used from the distal of the calves and pelvis 
for the stabilization of the leg. Th e other leg was 
strapped with a Velcro band to avoid compensatory 
movements.  

During the testing procedure, the athletes were 
asked to do dorsifl exion and plantar fl exion, and 
then to do the eversion and inversion movements of 
the ankle joints with an angular velocity of 30°/s for 

3 maximal repetitions and of 120°/s for 5 maximal 

repetitions (23,27). Th e test was applied to both legs 

respectively and a short resting period (20 s)  was 

given aft er each angular velocity movement (13,23).

Th e dorsifl exion, plantar fl exion, and inversion 

and eversion movements (28,29) were monitored 

by the same investigator (BE). For the sprint 

assessment, the photocell couples, which were 

placed at the beginning and end of the 100-m lane, 

were positioned at the level of the center of gravity 

of each athlete, which was calculated as 59% of their 

overall height (4).  

Statistical analyses

Descriptive statistics of the means,  standard  devia-

tions (SDs), and ranges were determined for each 

athlete. Th e Pearson product-moment correlation 

test was performed to understand the relation be-

tween the sprint running time and the data achieved 

via isokinetic assessment and ROM testing of the an-

kle and the subtalar joints. Th e Mann-Whitney U test 

was used to understand the eff ects of sex, weight (<64 

kg vs. ≥65 kg), height (<169 cm vs. ≥170 cm), and 

BMI (<20 vs. ≥21) on the data from the isokinetic as-

sessment and ROM tests. Th e Wilcoxon signed rank 

test was used to compare all test data (isokinetic as-

sessment and ROM tests of the ankle and the subtalar 

joints) of male and female athletes for their right and 

left  sides. Th e results were considered signifi cant at 

the level of P < 0.05.  

  

Results             

Th e average 100-m sprint running times of the ath-

letes were measured for female athletes as 12.21 ± 0 

s and for males as 10.80 ± 0.28 s (P < 0.01) (Table 1). 

In this context, the running speed was 8.19 m/s for 

female sprinters and 9.26 m/s for male sprinters.

 Table 1. Th e sex diff erences in the running times of the sprinters (100 m).    

 Sex X ± SD u z Signifi cance                                                                            

Running F (n = 5) 12.21 ± 0.44

time (s)     0.000 –2.745 0.006**                    

 M (n = 6)  10.80 ± 0.28                                     

**P < 0.001.
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According to the results of the isokinetic assess-
ment of ankle and subtalar joints, a  signifi cant nega-
tive correlation was observed in females between the 
100-m sprint time and the average power of the right 
dorsifl exors (25.02 ± 5.20 W) (r = –0.975; P < 0.001) 
and in males between the 100-m sprint time and the 
power of the right invertors (39.22 ± 12.21 W) (r = 
–0.866; P < 0.05) at 120°/s. Additionally, the average 
powers of the right (13.12 ± 5.62 W) (r = –0.820; P 
< 0.05) and left  (13.65 ± 5.58 W) (r = –0.860; P < 
0.05) evertors of the male athletes at 30°/s were sig-
nifi cantly negatively correlated with sprint running 
time (Table 2). Th e peak torque, peak torque / BW, 
and the total work of the dorsifl exor, plantar fl exor, 

evertor, and inventor muscles on both sides and at 

both velocities were not found to be in correlation 

with the sprint running time of the male and female 

athletes. We did not fi nd any signifi cant diff erences 

between the isokinetic data of the right and left  sides 

in both groups, except the diff erence between the 

peak torque of invertors of female sprinters in favor 

of the right side (z = –2.023; P < 0.05) at a velocity of 

120°/s (Table 3).        

According to the mean values of the ROM, the 

plantars and dorsifl exors of the nondominant side 

and the invertors and evertors of the dominant side 

were signifi cant in both sexes (P < 0.05) (Table 4).

Table 2. Th e relationship between the average power values of the ankle muscles at 30°/s and 120°/s and 

the running time (12.21 ± 0.44 s [F], 10.80 ± 0.28 s [M]) of the sprinters at 100 m (n = 5 F, n = 

6 M) in both sexes.
       

                           Average power (W)                              Average power (W) 

 Sides                                30°/s                            120°/s   

  X ± SD r X ± SD r     

 R† 9.8 ± 1.2 F –0.583 25.0 ± 5.2 F –0.975**a 

Dorsifl exors  14.6 ± 3.5 M –0.078 32.5 ± 13.0 M –0.365  

 L† 10.2 ± 2.3 F –0.677 28.3 ± 3.8 F –0.836

  14.6 ± 3.5 M –0.050 42.9 ± 18.7 M –0.051

 R 18.3 ± 6.8 F –0.144 45.9 ± 20.2 F –0.627

Plantar fl exors  37.9 ± 6.8 M –0.064 50.7 ± 24.8 M   0.310  

 L 18.5 ± 4.6 F –0.274 44.0 ± 7.2 F –0.825   

  38.0 ± 10.5 M –0.082 70.8 ± 19.3 M –0.122

 R 5.8 ± 0.7 F    0.509 17.6 ± 2.7 F –0.042      

Invertors  14.7 ± 3.6 M –0736 39.2 ±12.2 M     –0.866*b

 L 5.3 ± 2.0 F –0.507 14.6 ± 2.2 F –0.675

  18.2 ± 11.6 M    0.227 38.8 ± 13.9 M –0.657

 

 R 7.20 ± 0.9 F   0.027 18.1 ± 2.1 F  –0.156    

Evertors  13.12 ± 5.6 M    –0.820*c 30.5 ±12.3 M –0.767  

 L 6.64 ± 1.2 F –0.469 17.0 ± 2.3 F –0.171     

   13.65 ± 5.5 M    –0.860*d 33.0 ± 12.2 M –0.625 

* P < 0.05, ** P < 0.001; signifi cance: a) 0.005, b) 0.026, c) 0.046, d) 0.028.

† R: right; L: left .

Table 3. Comparison of isokinetic strength between right and left  ankle invertors in 

female sprinters at 120°/s.                    

  Peak torque (120°/s)

                            X ± SD  Diff erence z Signifi cance     

 Right Left                                                         

Invertors 20.02 ± 3.65 16.20 ± 3.36 3.82 ± 0.29 –2.023 0.043*

* P < 0.05. 



Ankle isokinetic strength, joint range of Turkish sprinters

1102

With regard to the relationship between the sprint 
running time and the ROM of the athletes, only the 
plantar fl exion range was signifi cantly correlated in 
male athletes (14.50° ± 2.3°) (P < 0.05).  

 

Discussion

In this study, we found a signifi cant relation between 
the average power and the sprint running times of 
the athletes. According to the fi ndings, the average 
power of right dorsifl exors of female sprinters at a 
velocity of 120°/s was related with the sprint time (P 
< 0.001). Th is may be partly due to the higher right-
hand dominance of our subjects. Th e results of a study 
by Kale et al. support these outcomes, suggesting 
that the diff erence in isokinetic strength criteria and 
sprint velocity variables of Turkish elite sprinters 
were found signifi cant between the dominant and 
nondominant legs (30). Additionally, this diff erence 
in our study may also be due to the counter forces 
created by the eccentrically contracted dorsifl exors 
against the plantar fl exors contracting concentrically 
to produce forward propelling forces at toe-off  (2). 
Our results are also supported by the study of Nasser 
et al., reporting that the ankle dorsifl exion peak 
torque at 5.24 rad/s in the 10-m sprint may be the 
predictor of a 40-m sprint performance (r = 0.855). 
On the other hand, they also reported a positive 
relation between ankle plantar fl exion at 1.05 rad/s 
and 40-m sprint performance. Th us, they reached 
the conclusion that stronger plantar fl exors may 

slow the 40-m sprint (7). Dowson et al. pointed out 
the positive relationship between the peak torque 
values of the plantar fl exors at slow (1.05 rad/s) and 
fast velocities and the sprint time of the athletes in 
distances of 0-15 m and 30-35 m (31). Th is may be due 
to the kinesiological hierarchy between the muscles 
to which the plantar fl exors and the Achilles tendon 
are responsible to transfer the forces falling from the 
proximal joints forwardly toward the toes as a result 
of the provided stiff ness and the cocontraction of the 
musculoskeletal structures around the ankle joint 
(2,5,6). In the present study, although the right plantar 
fl exors of the female sprinters were stronger than the 
dorsifl exors of the same side, no signifi cant relation 
was found between the plantar fl exors’ peak torque 
and the times for the 100-m sprint run. Th is fi nding 
supports the results of Nasser et al. Th ey stated that 
hip extensors, knee fl exors, and the plantar fl exors 
are responsible for the forward propelling force 
of sprinting, and the plantar fl exors are primarily 
responsible for transmitting the forces to the standing 
foot (7). Meanwhile, Bezodis et al. reported the 
positive work of the plantar fl exors in the late stance of 
maximum sprint velocity (normalized value = 0.053 
± 0.010), mainly due to the activation of the soleus 
muscle (3). Th us, the propulsive impulse, just before 
the takeoff , depends on the shorter moment arm of 
the plantar fl exors, which transfer the forces mainly 
toward the toes (32). Additionally, the eccentrically 
contracting  dorsifl exors generated the maximal 
force (13,23,32) to increase the forceful concentric 

Table 4. Comparison of ranges of motion in ankle joints according to sex.

ROM Sex                               X ± SD  Diff erence z Signifi cance 

  Right Left      

   

Dorsifl exion F (n = 5) 14.00 ± 2.00 63.20 ± 16.33 49.20 ± 14.33 –2.023 0.043*    

 M (n = 6) 12.17 ± 3.71 48.17 ± 11.83 36.00 ± 8.12 –2.207 0.027*

Plantar fl exion F (n = 5) 14.80 ± 2.95 62.50 ± 17.07 47.70 ± 14.12 –2.032 0.042*

 M (n = 6) 14.50 ± 2.34 51.33 ± 6.21 36.83 ± 2.34 –2.214 0.027*

 

Inversion F (n = 5) 23.80 ± 2.77 13.40 ± 2.07 –10.40 ± 0.70 –2.023  0.043*

 M (n = 6) 24.33 ± 3.93 11.00 ± 2.36 –13.33 ± 1.57 –2.201  0.028*

Eversion F (n = 5) 22.80 ± 3.56 14.20 ± 1.92 –8.60 ± 1.64 –2.023  0.043*

 M (n = 6) 25.17 ± 3.76 10.50 ± 1.76 –14.67 ± 2.00 –2.207  0.027* 

  

* P < 0.05.    
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contraction of the plantar fl exors at takeoff  (6,33). 
Hence, the signifi cant negative correlation that we 
found in this study between the average power of 
dorsifl exors and the sprint running time of female 
athletes may support the idea that the dorsifl exors 
of the dominant side are responsible in females for 
generating forces to increase the eff ectiveness of the 
plantar fl exor muscles that are responsible for the 
takeoff .   

 Mann and Herman reached the conclusion that 
athletes running at the speed of 2.7 m/s presented no 
activation in their triceps surae muscles (34). Since 
the athletes in this study had higher speeds (8.19 m/s 
for females and 9.26 m/s for males), this may reveal 
the cause of the insignifi cancy among the peak torque 
of the plantar fl exors for the 100-m sprint run.

 Other data achieved in this study were the 
signifi cant negative relations of the the 100-m 
sprint running time with the average power of right 
invertor muscles of the male athletes at medium 
velocity (120°/s) and the evertors of both sides at slow 
velocity (P < 0.05). Th is relation points toward the 
importance of the invertor muscles of the sprinters 
having midfoot strike to decrease the duration of foot 
contact with the ground (5) and to position the foot 
mainly under the control of eccentrically contracting 
evertors on both sides just before the takeoff  (3,4). 
Although we found a signifi cant relation between 
the sprint running time and the average power of the 
right invertors (120°/s) and the evertors of both sides 
(30°/s) of male sprinters, there was no correlation 
between the achieved data for the right and left  
ankles in each group. Hence, the characteristics of 
ankle muscle groups at higher velocities, as Nadeau 
et al. suggested, may also be evaluated to bring out 
more comparative understandings regarding their 
eff ectiveness during sprint runs (35). 

Signifi cance between both sides was found only in 
the peak torque of the invertor muscles among female 
sprinters at medium frequency (120°/s) in favor of 
the right side. Since the average power of dorsifl exors 
on the same side and at the same frequency was also 
signifi cant, it may be concluded that the dominant 
dorsifl exors and the invertors of the female sprinters 
produce more power than their nondominant sides. 
Th is imbalance may be considered important by 
track and fi eld coaches within their strength-training 

strategies as well as by physiotherapists during their 

exercise programs. 

As we expected, male sprinters were faster than 

female sprinters. According to the comparative 

analysis of the data for both sides in male and female 

sprinters, we found a signifi cant relation between the 

dorsifl exion, plantar fl exion, inversion, and eversion 

ROMs in favor of wider joint ranges. However, only 

the plantar fl exion ranges of male athletes were 

signifi cant for their sprint performances. Th us, we 

may assume that the wider plantar fl exion range 

may positively aff ect the sprint performance in male 

athletes. Th erefore, we may suggest that simple joint 

range assessment can be made by physiotherapists 

(14,29) for cost-eff ective prospective information for 

coaches and trainers regarding the performance of 

male sprinters.

We can conclude that the strength of the domi-

nant side’s dorsifl exors in female sprinters and the 

strength of the dominant invertors and the evertors 

of both sides in male sprinters are important for 100-

m sprint performance. Additionally, the wider plan-

tar fl exion range of the male sprinters may provide 

better sprint performance. In fact, since all sprinters 

except one male were right-handed, these biome-

chanical outcomes may point toward the importance 

of the strength training of the nondominant side 

of sprinters of both sexes. Th us, the strength of the 

nondominant dorsifl exors of female athletes and the 

nondominant invertors of male athletes could be im-

proved to decrease the strength asymmetry between 

the right and left  ankle for enhancing sprint perfor-

mance. Th is may be considered as practical infor-

mation for coaches to improve the performance of 

their athletes and not to disregard the strength of the 

nondominant side during training programs, as well 

as for the physiotherapists to understand the physi-

cal conditions of injured athletes in relation to their 

sprint performance.  
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