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ABSTRACT

Background and Objective: Owing to the high prevalence of injuries among female martial arts athletes, the effects of flexibility and muscular imbalance on lower
limb injuries of female martial arts athletes during a competition season was studied.
Methods: In this cross-sectional study, 66 professional female martial arts athletes
of country (aged 15-40), prior to the season, were evaluated for muscle isometric
strength and the flexibility assessment, in the ankle joints, knees and hips. During the
training and holding of the tournament, the researcher followed up the created injuries
and registered them by the physician or physiotherapist of the team. Paired t-test and
SPSS 17 software were used to examine the relationship between the strength of the
agonist / antagonist and flexibility in case of occurring injury.
Results: The only significant difference between the flexibility in the right hip abductors (P = 0.02) and the evertor / invertor strength ratio in the right ankle (P= 0.007)
was obtained with lower limb injury, and no significant statistical differences were
found between the other parameters.
Conclusion: The insufficiency of muscle force in hip joints and muscle strength
imbalance in ankle joints can be important internal factors in incidence of injuries in
female martial arts athletes.
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Introduction
Given the popularity of martial arts among women in
Iran, the number of participants in these disciplines has
been growing rapidly in the past years. These sports are
contact type, and due to the diversity of training and
strike strategies in these kinds of sports, the occurrence
of different injuries in martial arts is unavoidable.
Based on Consumer Product Safety Commission
(CPSC) reports, more than 35,000 people suffered
moderate to severe injuries in this type of sport, including ligament sprain, muscular strain and less fracture
and dislocation of the joints, which varies according to
Vol.1 No.2 Spring 2018

the type of martial arts. For example, damage to lower limb injuries are greater in Wushu and Taekwondo
(Bahr and Holme, 2003).
The strength and flexibility of joints are the main internal parameters that are often used to evaluate muscle
function.
Researchers in the field of flexibility and imbalance
of muscle strength and its association with injuries, believe that, if there is a significant difference in muscle
strength and range of motion in the contralateral joints
in athletes, they will not only decline in exercise performance, but also most of them in some way will sufFunction and Disability Journal
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fer from physical damage, especially musculoskeletal
disorders (Tyler et al., 2001; Gilchrist et al., 2000).
Most studies on the relationship between the lower
limb predisposing factors and the injury in martial
arts athletes are retrospective based on their previous
damage, and there is little follow-up and prospective
research in a particular period of time in these fields.
Considering, therefore, that research on the role of
flexibility and muscle strength imbalance in lower
limbs of female martial arts athletes were not found,
the research seems to be aimed at assessing these two
factors as prospective follow-up is necessary.

Materials and Methods
In this cross-sectional study, the data were collected
through objective measurement of isometric muscle
strength and flexibility, as well as the diagnosis of a
physician or physiotherapist of the team in the event
of injury. Also, due to the fact that the researcher accompanies the subjects during the whole season and
collects data at the same time, this research is prospective. At first, all 78 professional female martial
arts athletes of country (mean aged 18.8), in four
disciplines of Judeo, Karate, Wushu and Taekwondo
participated. 12 of them were excluded, so 66 athletes were selected to study and evaluated in muscle
strength and flexibility parameters before the start of
the tournament, and their damage was pursued. The
athletes who suffered injuries before the training began (for getting ready to take part in competition) or
less than 2 months of their previous injury, were excluded from the population.
Data is collected in 2017, during a period of 12
weeks of competition sessions. Before the assessment, subjects did regular warm-up. To measure the
Maximum Voluntary Isometric Contraction (MVIC)
of all muscles, the Emada model manual dynamometer made in the United States, with a capacity of 500
N, (accuracy of one out of tenth of Newton) was used.
(MVIC) was kept for 5-3 seconds, and was repeated
three times, and the average of these values was calculated and recorded on Newton’s basis.

Fig 1. Emada dynamometer

This was conducted for both lower limbs. To avoid
fatigue, 30 seconds were restored every time, and there
were 3 minutes of rest between the force measurements
of each muscle group.
Also, for measuring muscle flexibility, goniometer
was used. In both lower extremities, the muscles flexibility of the joints were measured in degrees on three
occasions and SPSS 17 software and paired t-test were
used to analyze data.
The results of this study are apt for physiotherapists,
team physicians and sports societies.
Methods to Measure Muscle Strength
The Evertor Muscles
The subject was in supine position, the pelvis, the
thighs and legs were firmly placed to prevent additional movements. Ankle was put in a 10-degree planar
flexion condition. Then the manual dynamometer on
the outside of the leg was placed exactly on the fifth
metatarsus and the maximum resistance was applied,
and we asked the subject to evert the ankle with maximum force.

Fig 2. Evertor muscle strength measurement
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The Invertor Muscles
The position is similar to the above measurement.
Then the manual dynamometer was placed on the front
of the foot exactly on the first metatarsal and the maximum resistance was applied and the subject was asked
to invert the ankle with maximum force (Alfuth and
Hahm, 2016).
The Dorsiflexor Muscles
The subject was lying supine, the pelvis, knees and
ankles were set to zero. The ankles were immobilized
by the examiner. Manual dynamometer, exactly above
the metatarsus phalanges joints, was placed on the back
of the forefoot and maximum resistance was applied.
We asked the subject to dorsiflex the ankle with maximum force.

Fig 4. Knee extensor muscle strength measurement

The Flexor Muscles:
The position is similar to the above measurement. A
manual dynamometer was placed at the back of the leg
precisely above the ankle joint and the maximum resistance was applied. The subject was asked to bend the
knee with the maximum force(Florence et al., 2013).
The Abductor Muscles

Fig 3. Dorsiflexor muscle strength measurement

The Plantar Flexor Muscles
The position is similar to the above measurement.
The manual dynamometer, exactly above the metatarsus phalanges joints, was positioned at the sole of foot
and maximum resistance was applied. We asked the
subject to plantar flex the ankle with maximum force
(Bohannon, 1986).

The subject was lying on the side and the lower extremity of the test side was posited upward. The pelvis
was immobilized by the examiner. A manual dynamometer was placed on the lateral epicondyle of the
thigh and the maximum resistance was applied. The
subject was asked to abduct her adducted thigh with a
maximum force.

The Extensor Muscles
The subject sat, the thighs and knees were bent up to
90 ° and the subject kept the two sides of the chair with
her hands. Manual dynamometer was placed in front
of the leg precisely above the ankle joint and the maximum resistance was applied. The subject was asked to
extend the knee with maximum force.
Fig 5. Abductor muscle strength measurement
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The Adductor Muscles:
The position is similar to the above measurement. A
manual dynamometer was placed on the medial epicondyle of the thigh, while the end surface of dynamometer was fixed to the lower limb. Then the maximum resistance was applied. The subject was asked to
adduct her thigh from the abduction with maximum
force(Thorborg et al., 2010).
Methods for Measuring Flexibility
Hip Adductors
The subject was lying supine on the mattress, so that
her lower limbs were side by side and in complete
adduction (for the spine to be correctly placed on the
mattress, a linear measure was used in the middle of
the mattress). Two markers were placed on the highest point of the anterior-superior-iliac spine. Another
marker was placed on the right patella bone. At the
beginning of the movement, to measure the flexibility of right adductor muscles, the end of the fixed arm
of the glass goniometer was posited on the lower left
marker and the goniometer axis was posited on the
right lower limb marker, and the movable arm was
placed along the right lower limb patella bone marker.
The subject performed a maximum abduction and its
angle was recorded. This action was repeated for the
left thighs(Nicol, 1989).

cle, the end of the fixed arm of the glass goniometer
was putted on the left posterior-superior-iliac-spine
and the goniometer axis was on the right posterior-superior-iliac-spine and the movable arm was along the
midline of the right thigh. The subject was asked to do
maximum adduction while maintaining the knee condition. The difference between the two numbers was
calculated, and the angle was recorded and repeated for
the other limb.
Knee Flexor
The subject was lying supine on the mattress that was
not soft, the lower limbs extended, so the lumbar and
sacrum were straight on the ground. If the lumbar area
was not on the floor due to shortening of femoral flexor
muscles, a pillow or towel was placed under the knees.
Then the subject forced one of the thighs downward to
prevent the anterior pelvic tilt. Markers were put on the
greater trochanter, lateral epicondyle of thigh and lateral malleolus. The fixed arm of the goniometer was on
the greater trochanter, the goniometer axis was on the
lateral epicondyle of thigh, and the goniometer’s moving arm was placed along the lateral malleolus. The hip
was flexed 90 degrees and the subject was asked to lift
the desired limb with knee extension while the ankle
was free, until a slight limitation or feelings of discomfort was felt. The angle was recorded. Measurements
were repeated for other limb as well
Knee Extensors

Fig 6. Hip adductors flexibility measurement

Hip Abductors
The subject was lying prone on the mattress, and two
markers were placed on the posterior-superior-iliacspine and a marker on the middle of the back of the
thigh bone. The pelvis was fixed, the knee flexed 90
° and the hip was completely abducted with the other
hand. To measure the flexibility of right abductor musVol.1 No.2 Spring 2018

The subject was lying prone on mattress, and the examiner was placed in the test side. Markers were put on
the greater trochanter, lateral epicondyle of thigh and
lateral malleolus. The fixed arm of the goniometer was
placed on the greater trochanter, the goniometer axis
was on the lateral epicondyle and moving arm of goniometer was along the lateral malleolus. The examiner
held the pelvis constantly and the subject was asked to
flex the desired knee until the pelvis in side of the test
was raised from the mattress or the person felt pain.
This was repeated for the other limb.
Ankle Plantar Flexors
The person sat on the chair and kept the two sides
of the chair with her hands. The three markers were
mounted on the lower limb. The first marker was
FUNCTION AND DISABILITY JOURNAL
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placed on the proximal end of the fibula, the second
marker, on the lateral malleolus and the third marker,
along the lateral fifth metatarsal bone. The fixed arm of
goniometer was placed on the end of proximal fibula,
the goniometer axis on the lateral malleolus and moving arm along the fifth metatarsal bone. The examiner
was asked to maximum ankle dorsiflexion, once with
extended knee and once with flexed knee. The angle
was measured by the goniometer, and the resulting
number of differences was recorded and repeated for
the other limb.
Ankle Dorsiflexors
The individual sat on the mattress. A pillow was
placed in the proximal part of the thigh so the knee
bent from 20 to 30 degrees and the heels were placed
upper from the mattress. Three markers were mounted
on lower limb. The first marker was placed on the head
of the fibula, the second marker, on lateral malleolus
and the third one, along the lateral side of fifth metatarsal bone. The fixed arm of goniometer was put on
the proximal end of the fibula; the goniometer axis was
on lateral malleolus and moving arm along the fifth
metatarsal bone. The examiner was asked to maximum
ankle plantar flexion. The angle was measured by the
goniometer, and the resulting number of differences
was recorded and repeated for the other limb.
Subtalar Invertors
The person sat on the chair, so the lower limb was not
placed on the ground. The moving arm of goniometer
was placed on the forefoot plantar side and on the head
of the metatarsal. The goniometer axis was placed on
forefoot medial side and the fixed arm perpendicular to
the moving arm. In this case, the starting position was

zero. The subject was asked to evert completely and
repeat for the other limb.
Subtalar Evertors
The position is similar to the above measurement.
The goniometer axis was placed on forefoot lateral side
and the fixed arm perpendicular to the movable arm.
In this case, the starting position was zero. The subject
was asked to invert completely and repeat for the other
limb (Luis, 2001).
Data Collection
All subjects were monitored during the training period and all injuries were recorded by the physician
or team physiotherapist in the injury sheet. To test the
research hypotheses and determine their meaningful
relationship, inferential statistics with meaningfulness
(P<0.05) was used. All statistical calculations were
then performed using SPSS17 software and paired ttest was used.

Results
Based on demographic results, the mean age of subjects was 18.8 years, mean weight was 54.9 kg and average height was 164.8 cm.
Table (1) shows that out of 40 injured subjects, 42.4%
were grade I, 16.7% of grade II and only 1.5% of grade
III injuries were reported and all data had normal distributions.
Table 1. Frequency and Percentage of Subjects Suffering Injuries
According to the findings of table (2), all injuries in
hip joints were muscular and in ankle joints were ligamentous.

Table 1. Frequency and Percentage of Subjects Suffering Injuries

Total (Subjects)

Percentage (%)

GRADE I

28

42.4

GRADE II

11

16.7

GRADE III

1

1.5

Subjects not Injured

26

39.4

Total

66

100.0
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Table 2. Frequency and Percentage of Kind of Joint Injuries

Hip
Knee
Ankle

Right

Left

Percent

Total

Active Components Injuries

6

4

100%

10

Passive Components Injuries

_

_

_

Active Components Injuries

5

4

42.85%

Passive Components Injuries

5

7

57.14%

Active Components Injuries

_

_

_

Passive Components Injuries

7

5

100%

The findings of Table 3 show that there is only a
significant difference (= 0.02) in relation to the flexibility of the abductor muscles of right hip and the
occurrence of injury and the findings of table 4, show
that among the injured and healthy people, in terms of
muscle strength of the right lower extremity (agonist

21
12

/ antagonist), the only significant difference is in the
ratio of evertor / invertor strength, with the level of
significance (P = 0.007).
And there is no significant difference between
healthy and injured subjects in terms of flexibility and
muscle strength ratio in left lower limb muscles.

Table 3. Comparison of Right Lower Limb Flexibility in two Healthy and Injured Groups

Variables

Mean of two Groups
Not Injured

Ankle

Knee
Hip

Difference between
Means

Degree of
Freedom

Injured

P Value

Dorsiflexor

21.08

21.28

-0.2

64

0.944

Plantar Flexor

10.41

10.33

0.08

64

0.955

Evertor

29.94

31.55

-1.61

64

0.642

Invertor

18.8

19.78

-0.98

64

0.675

Flexor

90.03

91.08

-1.05

64

0.821

Extensor

57.48

57.71

-0.23

64

0.951

Abductor

30.21

37.8

-7.59

64

0.023

Adductor

53.9

54.3

-0.4

64

0.697

Table 4. Proportion Comparison of Muscle Strength in Right Lower Extremity in both Healthy and Injured Groups

Variables
NonInjured

Mean of two Groups

Difference between
Means

Degree of
Freedom

P Value

Injured

Plantar Flexor/Dorsiflexor

1.13

1.22

-0.09

64

0.566

Evertor/ Invertor

1.08

0.9

0.18

64

0.007

Knee

Flexor/ Extensor

0.93

1.03

1.03

64

0.48

Hip

Adductor /Abductor

1.17

0.95

0.22

64

0.076

Ankle

Vol.1 No.2 Spring 2018
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Discussion

Taunton, and Ammann, 1991).

The results of this study showed that there is only
a significant difference between the flexibility of the

Another aspect of internal factors investigated in
this study is muscle strength ratio.

right hip abductors and the right eversion/inversion

Regarding the muscle strength imbalance in the occurrence of sports injuries, it can be said that in order to maintain joint stability during movement in a
certain ROM, it is necessary that the muscles have
sufficient strength to return the elements to the elastic
range of motion. Given that for normal movement,
coactivation of muscles (agonists and antagonists)
is necessary. The balance between their strength is
necessary to maintain joint neutral zone stability. So
that reducing the correct contraction pattern between
these two groups leads to an increased chance of ligament injury(Baratta et al., 1988).

muscle strength imbalance in the lower limb of the
female martial arts athletes with incidence of injuries.
In this study, two parameters of muscle strength and
flexibility have been investigated as internal factors
of injuries.
Flexibility is the main element in the normal biomechanical performance in sports. By changing the
force during ROM, in the form of increasing the
speed, frequency and time of stress on the joint, the
muscle strength are involved to maintain the status in
the elastic region. By reaching the range of motion to
the boundary limit, these muscles act as anticipation
to create a joint stability(Phillips et al., 2007).
In this study, there is a significant difference between
increased flexibility of right hip abductors and muscle
strain (P = 0.02), and all injuries were muscular in hip
joints (adductor strain).
Dvorak and Ekstrand have shown, for adductor strain,
one of identified risk factors was adductor inflexibility
(Ekstrand and Gillquist, 198; Dvorak et al., 2000).
The primary function of this muscle group (adductors), is adduction of thigh in open chain and stabilization of lower extremities and pelvis in close chain,
when abductors try to decelerate adducting leg by using an eccentric contraction(Tyler et al., 2010).
The cause of this result, may relate to two approaches:
Firstly, as martial arts are multidirectional activities
and due to enhancement in adductor range of motion,
athletics require a strong concentric contraction of adductors or eccentric contraction of abductors to beer
the transmission of large force through ROM. The
lack of this mechanism may make it more prone to
strain.
And secondly, according to Fricken et al, it is also
possible that repetitive movements and excessive use
can result in micro trauma and lead to structural changes in the joint. In this case, it seems that body increases flexibility in that joint for compensation(Fricker,
Vol.1 No.2 Spring 2018

According to this, Thorborg and Tyler (Kristian
Thorborg et al., 2011), found that, muscle imbalance
strength in pre-match period, had significant role in
injury.
Wilkerson et al., (Wilkerson, Pinerola, and Caturano
, 1997), in a research on causes of ankle sprain found
that there was a significant difference between the
ratio of evertor/ invertor muscle strength and ankle
sprain, which was also found in this study (P = 0.007).
Therefore, it can be said that in incidence of ankle
sprain, the lack of control of the forces involved on the
joint, plays a role. Furthermore, it is possible to say,
changing ROM of hips may be the cause of injuries in
ankles. According to Mackinnon et al., there was association between decreased hip abduction and stability
and ankle injury (MacKinnon and Winter, 1993).
Considering that the injuries (of the ankle sprain and
adductor muscle strain) in the right leg, is in the frontal plane, it seems that, the compensation of the forces
involved in the joint is low and in case of repetition of
movement, there is also a possibility of fatigue and as
in martial arts, athletes continuously replace the legs
in standing and knocking, the opinions of Dr. Salavati
and colleagues can be cited. They stated that in frontal
plane, the lower limb controls the effect of standing
on one leg and frontal plane muscle tiredness decreases the postural stability in the same plane(Salavati et
al., 2007).So any changes in this stability can be anFUNCTION AND DISABILITY JOURNAL
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other cause of ankle injuries.
Therefore we can mention that, although only two
parameters of internal factors causing injuries have
been investigated in this study, in hip joints lack of
apt contraction and in ankle joints, low frontal plane
instability and muscle strength imbalance may have
the essential role in incidence of injuries in female
martial arts athletes.
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زمینه و هدف :با1توجه1به1شیوع1باﻻی1صدمات1اندام1تحتانی1در1زنان1رزمی1کار1و1برای1بررسی1احتمالی1مکانیسﻢ1
آن1،اين1مﻄالعه1با1هدف1اندازه1گیری1ﻗدرت1عﻀالت1اندام1تحتانی1و1انعﻄاف1پذيری1آنها1در1طول1فﺼﻞ1مسابقات1انﺠام1
شد.
روش کار1:در1اين1مﻄالعۀ1مقﻄعی1661رزمی1کار1حرفه1ای1زن(1سن1151تا1)401پیﺶ1از1شروع1رﻗابت1ها1،از1نﻈر1
ﻗدرت1ايزومتريﮏ1عﻀالت1و1همچنین1انعﻄاف1پذيری1آنها1در1مفاصﻞ1مچ1،زانو1و1هیﭗ1هر1دو1اندام1تحتانی1ارزيابی1
شدند1.صدمات1زمان1تمرين1و1در1طول1رﻗابت1ها1که1پزشﮏ1متخﺼﺺ1يا1فیزيوتراپیست1تیﻢ1آن1را1تﺄيید1کرده1بود1،
پیگیری1شد1.ﻗدرت1عﻀالت1،تناسب1ﻗدرت1اگونیست1به1انتاگونیست1و1انعﻄاف1پذيری1آنها1ارزيابی1،و1داده1ها1با1
نرم1افزار1SPSS1نسخۀ1171و1آنالیز1آماری(1تی1زوج)1تﺠزيه1وتحلیﻞ1شد.
یافتهها :تنها1اختالف1معنی1دار1در1اين1مﻄالعه1بین1انعﻄاف1پذيری1ابداکتورهای1هیﭗ1راست1)P=0/02(1و1نسبت1
ﻗدرت1اورتور1به1اينورتور1در1مچ1پای1راست1)P=0/007(1بود1و1ارتباط1معنی1داری1بین1آنها1و1آسیب1اندام1تحتانی1
ديده1شد1.بین1ﻗدرت1عﻀالت1و1انعﻄاف1پذيری1ديگر1عﻀالت1و1مفاصﻞ1اندام1تحتانی1اختالف1معنی1داری1ديده1نشد.
نتیجهگیری1:بی1کفايتی1ﻗدرت1عﻀالت1هیﭗ1و1نبود1تعادل1ﻗدرت1عﻀالت1مچ1پا1،می1تواند1به1طور1مستقیﻢ1يا1
غیرمستقیﻢ1فاکتور1مهﻢ1داخلی(1عملکرد1بدن)1در1بروز1صدمات1اندام1تحتانی1در1ورزشکاران1رزمی1کار1زن1،در1طول1
رﻗابت1ها1باشد.
واژههای کلیدی1:ورزش1رزمی1،ﻗدرت1عﻀالت1،انعﻄاف1پذيری1،صدمات1اندام1تحتانی1
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