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2) Department of Rehabilitation Science, Kobe University Graduate School of Health Sciences
[ABSTRUCT]
The purpose of this study was to investigate whether muscle flexibility, strength, and balance affect the
incidence of lower limb sports injuries in adolescent female football players. The participants were 35 female
football players who were high school or junior high school students at baseline. Eighteen players were
available for the follow-up, one year later. At baseline, the flexibility and strength in the lower limb muscles,
Star Excursion Balance Test, and postural sway with eyes open and closed during single limb stance were
measured in all the participants. Football related lower limb injuries during the following year were recorded.
Each variable was compared between the group that incurred injury (injured group) and the one that did not
(uninjured group). Ten participants sustained lower limb injuries. There were significant differences between
these groups in the flexibility of the non-dominant quadriceps and the postural sway area during non-dominant
single limb stance with eyes open. A multiple logistic regression analysis revealed that only the flexibility of
the non-dominant quadriceps was extracted to the incidence of injury. The flexibility of the non-dominant
quadriceps was identified as a risk factor for lower limb injury related to football in adolescent female football
players.
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INTRODUCTION

The number of registered female players in the International Federation of Football Association (FIFA)
increased from 22 million in 2000 to 26 million in 2007". Similarly, the number of registered female players in
the Japan Football Association Japan, increased from 19,717 in 2002 (when the FIFA World Cup games were
held in Japan and Korea) to 26,978 in 2013%. The player population growth has been a positive for the
development of female football.

Nakao, et al.¥ have reported that the incidence of sports injury in college female football players is higher
than that in the male players. On the other hand, junior football players® and adult football players> have
shown no significant gender differences in the incidence of sports injury. Therefore, it is unclear whether
female football players have a higher risk of injuries compared with males. However, it is known that
adolescent female athletes exhibit a higher incidence of injury, with a higher prevalence of severe injury®.

In Japan, the incidence of sports injuries such as ankle sprain and anterior cruciate ligament (ACL) injury in
female basketball players, is known to be significantly higher in players from the second and third grades in the
junior high school”. In particular, female players have a higher risk of non-contact ACL injury® !V, and it forces

them to restrict their sports activities. In our previous survey'?

also, which analyzed male and female football
players in high school and junior high school, the female players had been diagnosed with a high incidence of
non-contact ankle sprain. We believe that the number of injuries and severe cases in adolescent female football
players will increase as the population of players increases. Thus it will be a serious problem for the
development of female football.

Many factors are related to the incidence of sports injury in female athletes, such as an imbalance of muscle

strength and flexibility'® '¥), characteristics of the neuro-muscular control'?, psychological factors'®

, genetic
factors and anatomical factors (e.g., skeletal structures)!'”. However, to our knowledge, there are few studies

that investigate the factors related to sports injury in the Japanese adolescent female football players. The



purpose of this study was to investigate whether muscle flexibility, strength and balance affect the incidence of

lower limb injury in female football players in the high school and junior high school.

SUBJECTS AND METHODS

We included 35 out of 40 female players who belonged to a regional club team at baseline. We excluded two
players who had a history of injury and disease in the lower limbs restricting their football activities for the
previous month. Furthermore, we excluded 2 players with knee pain and 1 player with lower back pain; the
pain had affected the muscle strength measurement.

Eighteen players aged 12—17 years (8 high school students and 10 junior high school students; age, 14.17 £
1.58 years.; height, 157.97 £ 6.17 cm; body weight, 50.56 = 8.13 kg; mean + SD) who continued playing
football in the same team, were available for follow-up one year later.17 prior participants were missing from
the follow-up investigation. 3 had entered university and were playing football in other teams, 11 were busy
preparing for university and high school entrance examinations, and 3 had discontinued playing football for
private reasons. The dominant limb was defined as the preferred kicking leg.

We explained the purpose and methods of this study to the participants and their guardians, assured them
about the protection of personal information and obtained consent in writing. This study was approved by the
Ethical Committee Board of Kobe International University, Japan (Approval No. 2012-001).

To measure the flexibility of the quadriceps muscle, the participant lay in a prone position while the
examiner held the pelvis and flexed the knee until the examiner felt a moderate resistance. An inclinometer was
placed along the anterior tibial crest and the angle was measured'®. To measure the flexibility of the hamstrings
muscle (popliteal angle), the participant lay in a supine position and the tested hip was flexed at 90°.
Furthermore, the tested knee was extended until a moderate resistance was detected. The incomplete extension
angle of the knee was measured by placing the inclinometer along the anterior tibial crest. During the

measurement, opposite hip flexion was prevented!?. To measure the flexibility of the gastrocnemius muscle,



the participant lay in a supine position while maintaining knee extension. Furthermore, the examiner
dorsiflexed the ankle joint until a moderate resistance was detected. The inclinometer was placed on the lateral
side of the sole along the fifth metatarsal and the dorsiflexion angle was measured!?. All muscle flexibility
were measured bilaterally and performed by an examiner and an assistant: one determined the measurement
postures and the other placed the inclinometer and measured the angle.

A hand held dynamometer (HHD: p-Tas F-1, Anima Co., Ltd, Japan) was used to measure the hip muscle

strength. The participant first lay in a supine position to measure the hip abduction?”

strength and then in a
prone position to measure extension?). The muscle strength was measured by placing the sensor of the HHD on
the distal part of the thigh. A belt was used to stabilize the HHD. The examiner stabilized the pad of the HHD
so that it did not move during the measurement. After a practice attempt, a maximal hip abduction or extension
was performed for 5 seconds and was repeated twice. The maximum value was recorded. The isokinetic knee
flexion and extension peak torque were measured by 60°/second of angular velocity through a range of 5°—95°
of knee flexion and extension by using an isokinetic dynamometer (Cybex Humatic Norm, Medica Co., Ltd.,
USA). After three practice attempts, 3 measurements were taken and the maximum value was recorded?. All
the muscle strength measurements were conducted on the left side, which was the non-dominant limb, and the
results were normalized to body weight.

For the modified Star Excursion Balance Test (mSEBT), the initial posture was defined as a single limb
stance, with the center of the supporting sole on the point where the 3 stick measures crossed. Furthermore, the
participant reached as far as possible with the non-stance limb, without lifting the heel of the stance limb, and
without shifting weight to the toe of the reaching limb. We defined the maximal reach-distance as the distance
at which the participant could return to the initial standing position (a double-limb stance). The sequence of the
reach-direction was anterior, posteromedial and posterolateral from the reach side. Three trials were repeated

and the average value was recorded. The results were normalized to the spina malleolar distance. The



participant practiced for 6 attempts. After a rest period lasting a few minutes, the absence of fatigue was
confirmed and the measurements were taken®.

To measure the postural sway, the center of pressure (COP) during a single limb stance, both with eyes open
and eyes closed, was measured on a pressure platform (Twin-gravicorder G-620, Anima Co., Ltd, Japan). The
participant kept hands on the hips in a double-limb stance on the force platform and lifted one limb,
maintaining a single limb stance in accordance with the examiner’s instructions. During the measurement, the
participant stared at an object placed at eye-level 2 meters away. We then repeated the measurements with their
eyes closed. The height of the lifting limb was not particularly standardized. The participants were instructed
that the lifting limb should not touch stance limb or the floor. Moreover, the participants were not allowed to
move the stance limb. The total COP path length and COP sway area during the 20 seconds with eyes open and
eyes closed, were recorded after the posture was stabilized. The measurements were conducted after 2 practice
attempts each. The evaluations were on both sides, and the order of the side measured was randomized.

The follow-up was conducted one year after the initial investigation. At the follow-up, the participants filled
out a questionnaire in which they were asked about lower limb injuries sustained in the past one year.
Furthermore, a physiotherapist interviewed them to confirm the information. The injury was defined as any
injury to the limb including the hip but not the lumbar spine or sacroliac joint. Injury was defined as an injury
that occurred during playing football or caused by football, leading to the limitation of football activities
completely or incompletely for more than one week®. We excluded the injuries which participants were
sustaining at baseline but included the re-injuries. Based on the reports by Nakao, et al.”), the body part that was
injured, the diagnosis and the type of injury (traumatic injury or overuse injury) were recorded. For the
traumatic injuries, it was confirmed whether these were contact or non-contact injuries.

Based on the test of normality of the distribution of each variable, a two-sample #-test or a Mann-Whitney
test was conducted to compare each of the variables between the group that experienced more than one injury

(injured group), and the group that did not (uninjured group). Injuries included both traumatic and overuse



injuries. Furthermore, a multiple logistic regression analysis using the likelihood ratio test and the forward
selection method was conducted to clarify the factors related to the incidence of lower limb sports injury. The
SPSS PASW21 computer software program (Microsoft Inc., Chicago, Illinois) was used for statistical analyses,

and the statistical significance level was set at p < 0.05.

RESULTS

Of the 18 participants, 10 participants who sustained more than one lower limb injury, were classified into
the injured group. 8 participants who did not sustain any lower limb injuries, were classified into the uninjured
group. The total number of accidents was 19 (1.06 £ 1.51 injuries/player). The total number of traumatic
injuries was 7 cases in 7 participants (0.39 + 0.50 injuries/player). Contact injuries were found in 6 cases and
non-contact injuries were found in 1 case. The total number of overuse injuries was 12 cases in 5 participants
(0.67 £+ 1.50 injuries/player). When considering the body parts that were injured, there were ankle injuries in 9
cases, foot injuries in 2 cases, lower leg injuries in 2 cases, knee injuries in 2 cases and thigh injuries in 2 cases.
The diagnoses were ligament injuries in 9 cases, muscular injuries in 3 cases, stress fractures in 2 cases, plantar
fasciitis in 2 cases, Osgood-Schlatter disease in 1 case, shin splints in 1 case and bruising in 1 case.

There were significant differences between the injured and uninjured groups in the flexibility of the non-
dominant quadriceps and the COP sway area during non-dominant single limb stance with eyes open (Table 1).
We performed a multiple logistic regression analysis by assigning whether a participant had sustained an injury
more than once in the year of follow-up to a dependent variable. Independent variables were the flexibility of
non-dominant quadriceps and the COP sway area during non-dominant single limb stance with eyes open at
baseline. Only the flexibility of the non-dominant quadriceps extracted to a factor which related to the
incidence of injury. Although the result of Model Chi-square test was significant (p<<0.05), the value didn’t

show significance (p=0.052) (Table 2).



Tablel. Injured group vs. Uninjured group.
Mean values + Standard Deviation for variables for players with injuries and for players without

injuries.
Injured group Uninjured group
(n=10) (=8
BMI (kg/m?) 20.5 +£ 2.5 19.9 + 3.6
Postural away(COP sway)
Path length dominant stance with eyes open(cm) 77.4 177 72.7  + 15.6
Sway area dominant stance with eyes open(cm? 36 £ 11 43 £ 24
Path length dominant stance with eyes closed(cm) 109.5 + 477 120.6 = 17.9
Sway area dominant stance with eyes closed(cm®?) 1356 + 184 76 & 2.4
Path length non-dominant stance with eyes open(cm) 90.0 + 28.8 72.3 £ 9.5
Sway area non-dominant stance with eyes open(cm?) 46 + 17 32 £ 07
Path length non-dominant stance with eyes closed(cm) 1359 =+ 39.6 1200 = 290
Sway area non-dominant stance with eyes clesed(cm? 9.7 £ 32 7.6 + 2.8
Non-dominant Muscle strength (Nm/Kg)
Hip abductor 49 =+ 1.4 4.8 + 1.0
Hip extensor 52 =+ 1.4 4.9 + 1.4
Knee extensor 1.8 + 0.5 1.8 + 0.4
Knee flexor .1+ 03 1.1 + 0.3
mSEBT (%)
Dominant stance Anterior 102.1  + 8.5 100.6 + 6.2
Post-lateral 102.7 + 8.7 101.2 =+ 7.0
Post-medial 104.7 + 9.4 102.4 | =+ 8.5
Non-dominant stance Anterior 1019 + 8.1 101.0 =+ 7.9
Post-lateral 101.7 =+ 7.2 100.9 @ =+ 7.1
Post-medial 105.2 + 6.9 102.9 + 8.9
Muscle flexibility(°)
Dominant hamstrings -40.5 + 119 -34.4 + 155
Non-dominant hamstrings -37.5 + 16.5 -36.9 + 139
Dominant quadriceps 12756 + 5.4 133.8 =+ 8.3
Non-dominant quadriceps 1225 + 8.6 131.9 + 7.5
Dominant gastrocnemius 13.5 + 4.7 16.9 + 6.5
Non-dominant gastrocnemius 145 + 2.8 16.9 + 6.5

BMI: Body Mass Index, COP: Center of Pressure, mSEBT: modified Star Excursiont BalanceTest
*:p<0.05

Table 2. The Multiple Logistic Progression Model with exploratory variables

Variable Coefficient(8) p Odds Rates 95%CI
Muscle Flexibility ?f Non-dominant -0.152 0.052 0.859 0.737- 1.001
Quadriceps
Intercept -7.787

the Model Chi-square test, p<0.05,
Distinction hitting ratio 77.8%



DISCUSSION

This study prospectively investigates if the lower limb muscle flexibility, strength and balance influence the
incidence of lower limb injury in adolescent female football players. The injured group showed a significantly
lower flexibility of the non-dominant quadriceps, and larger COP sway area during non-dominant single limb
stance with eyes open at baseline. The results of the multiple logistic regression analysis revealed that a lower
flexibility of non-dominant quadriceps was identified as a factor related to the incidence of injury. However,
the odds ratio showed a low influence, and the value was not statistically significant.

There are some studies on predicting the incidence of sports injury in female athletes *29). It is generally
hypothesized that a lower muscle flexibility can cause muscle injury. Arnason et al.>” have shown that the
incidence of anterior hip pain is associated with a lower range of motion on hip abduction in male football
players. Witvrouw et al. ?® have reported that a low flexibility in the hamstrings and the rectus femoris is a risk
factor in the incidence of muscle injury in male football players. On the other hand, in studies by Krivickas et
al.?» who investigated college athletes, tightness in the ligaments and a lower muscle flexibility are associated
with incidence of injury in males, while this relationship is not observed in females. Furthermore, Myer, et al.?®)
have reported that the incidence of ACL injury is higher in female football players who have joint laxity.
However, there are only a few studies that have investigated the relationship between muscle flexibility and the
incidence of injury in female athletes, and there is no consensus on the results. Landry, et al.3? have reported
that female football players have higher activity in the rectus femoris during side-cutting compared with male
players. Sigward et al.’") have shown similar characteristics during the side-step. Lyle et al.>? have also
reported a higher rigidity in the whole lower limb in female football players during the landing phase of a
single limb jump compared with male players, leading to a reduction in the shock absorbing function. They
have concluded that the characteristics of the neuromuscular control specific to female subjects, may lead to a
higher incidence of non-contact ACL injury. The continuous contraction in the quadriceps during performance

may lead to muscle tightness, causing reduced muscle flexibility. Players with lower muscle flexibility fatigue



more easily, further decreasing the neural control during performance, thus leading to injury. A neuromuscular
control function similar to landing after performing a jump is often required on the non-dominant limb while
kicking a ball. A higher rectus femoris muscle contraction may exhibit a lower muscle flexibility, leading to a
higher risk of injury. Thus, our study reveals the necessity of evaluation of the muscle flexibility of the rectus
femoris and appropriate intervention for the prevention of injury in adolescent female football players.

Postural balance is an ability that can be evaluated for both the performance and the risk of injury*>. In
general, when postural balance decreases, the incidence of lower limb injury increases** 3. There are many
studies®®3? on the effectiveness of balance training interventions in preventing ACL injury and ankle sprains.
Tropp et al.*? have reported that there is no relationship between the center of gravity (COG) sway and a
history of ankle sprain in senior male football players, while a larger COG sway is a predictive factor of the
ankle sprain incidence. Tropp et al.*” have focused on the investigation of ankle sprain and measured the COG,
whereas our study includes all injuries of the lower limb and measures the COP. Although different assessment
scales were adopted, our finding was similar to the results of Tropp et al. However, our results may have been
affected by ankle injuries being the most frequent in this study. The results of this study are also consistent with
those of the previous studies**3>, showing that participants with larger postural sway tend to have a greater risk
of lower limb sports injury. Of the 19 total injuries, 12 overuse injuries and 1 non-contact traumatic injury were
included in this study. It suggests that the internal factors strongly influence the incidence of injury in our
participants. When postural balance decreases, the muscle contraction in the lower limb increases. It causes
muscles to fatigue more easily. The joint structures (e.g., capsule, ligaments) need to compensate stability,
which leads to micro-mechanical stresses in the joint and its surrounding tissues*). These stresses may
influence the incidence of injury.

In this study, there is no significant difference in the modified Star Excursion Balance Test (nSEBT) scores
between the injured and uninjured groups. Plisky et al.*?) have reported that when the average score of the 3

directions is £94%, the risk of lower limb injury is 6 times greater in female basketball players. However,



Nilstad et al.>> have also not found a relationship between mSEBT scores and the incidence of lower limb
injury in female football players. The result of this study is consistent with the findings reported by Nilstad et
al.>» As mSEBT is a reliable dynamic balance assessment to predict the incidence of lower limb injury, it is an
appropriate test to determine the effect of the intervention to prevent injuries*?. Plisky et al.*) have investigated
injuries in basketball players, whereas Nilstad et al.>> and this study have investigated the injuries in female
football players. Bressel et al.**) have reported that female basketball players have lower mSEBT scores than
female football players. Few studies report that mSEBT predicts the incidence of injury in the lower limbs of
female football players. It may be important to choose appropriate scales that reflect the specificities of the
sports performances, as postural balance requires the interaction of various factors such as muscle strength,
visual and somatosensory feedback, postural adjustment, and vestibular function.

This study has two limitations: (1) the sample size is small. The predictability of the logistic regression
decreases when the number of independent variables (p) becomes greater with respect to the sample size (n). It
is optimal to have n >10xp. This study includes only 18 participants in the regression model*). We needed
more than 20 participants. (2) We have not considered that the development stage may affect the incidence of
sports injury. The average peak high velocity age (PHVA) in Japanese females is 10-11 years of age, and the
incidence of sports injury increases dramatically immediately after the PHVA, in the second and the third
grades of junior high school*®. The body fat volume increases more in a female than in a male, especially
during the ages between 10 to 17 years*”, although the body weight decreases due to rapid development of the
endocrine system*®. These significant changes in the physical characteristics of females before and after PHVA
may be related to a drastic increase in sports injuries after PHVA. Because the age range of the participants in
this study is between 11 and 18 years, it is possible that the stages of change in these physical components may
be related to the incidence of injury.

We classified those who sustained any injuries of the whole lower limbs in the injury group and those who

didn’t in the non-injury group. In addition, injuries included both traumatic and overuse injuries. Thus our



prospective cohort study includes so many factors that we must admit the evidence is insufficient. We reported
previously that the adolescent female players had been diagnosed with a high incidence of ankle sprain'? as
with this study. Further research should focus on risk factors related to the incidence of ankle sprain in

adolescent female football players while factoring in the development stages.
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