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Abstract. [Purpose] To determine the ankle evertor/invertor maximal torque ratios (E/I) in the normal
population which could be used as reference values during clinical evaluations and rehabilitation efforts
and also to investigate the effect of age, gender and limb dominance on E/I. [Methods] Concentric ankle E/
I was tested at 30 and 120 degrees/second using an isokinetic dynamometer for 79 healthy volunteers and
the effects of age, gender, limb dominance on E/I were analysed. [Results] E/I values increased slightly
with increasing age and there were statistically significant differences between age groups of 20–29 and
60–upper ages, and 30–39 and 60–upper ages with respect to left E/I (120 degrees/second) values. There
were no significant differences between male and female subjects and between dominant and non-dominant
limbs.  [Conclusion] Ankle evertor/invertor peak torque ratios are affected by age but not by the dominance
of the limb and the patient's gender. The ratios observed in different age groups in our study can be used as
reference values in clinical evaluations and rehabilitation programs without taking into account the
dominance of the limb and the patient's gender.
Key words: Ankle, Isokinetic, Peak torque ratio

(This article was submitted Mar. 30, 2009, and was accepted Apr. 17, 2009)

INTRODUCTION

Ankle injuries, specifically lateral ligament
sprains, are a common sport-related problem1,2).
The high incidence of ankle sprain in athletes is a
source of time and energy loss spent on treatment
and rehabilitation3). Ankle sprains are also a
frequently faced problem for the normal population.
After an ankle injury, residual symptoms can also
affect activities of daily life. In a previous study, it
was reported that 33% of patients with a lateral
ankle sprain had persistent residual symptoms even
two years after the initial injury4). Many factors are

thought to cause ankle ligament injuries such as
ligamentous instability, ankle muscle weakness,
foot-ankle alignment abnormalities and generalized
joint laxity5,6).

Freeman first described the term “functional
ankle instability” (FAI) indicating a subjective
feeling of “giving way” after repeated episodes of
ankle sprain3). Previous research on FAI has
focused on a combination of factors, including
muscle strength, mechanical instability and
proprioception7–9). Basein and colleagues were the
first to report that peroneal muscle weakness was
the most significant factor contributing to recurrent
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ankle sprains3). Peroneal muscle weakness has been
theorized to cause diminished dynamic stability and
therefore contribute to FAI10).

Co-activation of antagonistic muscle groups has
been identified as an important factor influencing
dynamic joint stability11). Traditionally, the strength
ratios between these muscle groups have received
considerable attention from clinicians during
examinations and in monitoring rehabilitation
progress .  The advent  of  ac t ive  i sokinet ic
dynamometers allows the examination of the co-
activation of agonist and antagonist muscle groups
at a specific joint3). 

Evertor/invertor strength imbalance is an
important r isk factor in ankle sprains1 , 1 2 ) .
Strengthening of the evertor and invertor muscles is
widely advocated as a key component of lateral
ankle sprain rehabilitation12). The normal evertor/
invertor ratio appears as a very important parameter
in evaluation and reconstruction of the evertor/
invertor strength balance. Although investigation of
peak torque values is also important, the ratio
between agonist and antagonist muscles seems a
more important parameter which would easily
demons t ra te  the  imbalance  and  the  weak
component, and enable strengthening of the weak
muscle specifically.

In this study we investigated the effect of subject
age, gender and limb dominance on E/I, because
higher peak torque values in male subjects than
female subjects, higher peak torque values in
younger subjects than older subjects, and higher or
lower peak torque values according to the direction
of movement in the dominant and non-dominant
limbs have been reported13–16). We thought that if
these factors do not have any effect on E/I, we could
use a single E/I ratio derived from normal subjects
in daily practice. In a review of the literature, we
could not find any study that had investigated the
effect of age, gender and limb dominance on ankle
E/I ratio.

Briefly, the purpose of our study was to determine
evertor/invertor maximal torque ratios (E/I) of
healthy men and women which could be used as
reference values during rehabilitation efforts and
also to investigate the effect of subject age and
gender and limb dominance on E/I.

SUBJECTS AND METHODS

Subjects
Seventy-nine right-handed healthy volunteers (32

men, 47 women; mean age=38.2±13.8 years)
without prior history of ankle injury were enrolled
in this study. An injury was defined as any sprain,
strain or fracture of the ankle.

Methods
Ankle eversion, inversion strength ratios in both

limbs were determined by using a computerized
isokinetic dynamometer(Biodex Corp., Shirley,
New York) for all participants.  Subjects were
positioned according to the manual of the system.
The ankle joint was positioned in neutral, and
inversion and eversion were identified using
palpation during passive movements of the talus17).
The knee of the test leg was positioned at 30°
flexion and the lower leg was parallel to the floor.
The ankle joint was positioned at 10–15° plantar
flexion as a consequence of the low-cut lace-up
shoe worn by each subject to simulate a position of
inversion injury18). Two straps criss-crossing the
dorsum of the foot held it against the foot plate. The
thigh stabiliser pad and strap secured the distal
aspect of the thigh on the test leg and right and left
seatbelts secured the torso.

Inversion and eversion range of motion were set
within the subject’s available range. Concentric
eversion/inversion testing was performed at angular
velocities of 30 and 120 degrees/second. Subjects
had at least three experimental trials to familiarize
themselves with the process at each angular velocity
and performed 5 maximal repetitions at 30 degrees/
second and 10 maximal repetitions at 120 degrees/
second. Verbal encouragement for maximal effort
was given to each subject throughout the testing
procedure. None of the subjects felt any discomfort
during testing. Concentric evertor/invertor peak
torque ratios were automatically calculated by the
data processing unit of the system by the formula
(evertor peak torque / invertor peak torque x 100).

Statistical Analysis
The SPSS software Version 9.0(Chicago USA)

was used for data analysis and p<0.05 was
considered statistically significant. Descriptive
statistics were performed. Concentric evertor/
invertor peak torque ratios at 30 and 120 degrees/
second were compared in five consecutive age
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groups (20–29, 30–39, 40–49, 50–59, 60–older) by
one-way ANOVA and Tukey’s HSD test was used
for post hoc analysis. Significant differences
between the dominant and non-dominant sides were
investigated by the paired samples t-test. The effect
of gender (male-female) was tested by the t-test for
independent samples.

RESULTS

Subjects’ mean age was 38.2±13.8 years, mean
height was 164.2±9.0 cm, and mean body weight
was 67.8±13.1 kg.

Mean right E/I was 118.0±25.4 and left E/I was
115.7±27.3 at 30 degrees/second, while mean right
E/I was 107.4±21.2 and left E/I was 107.6±25.0 at
120 degrees/second. E/I values increased slightly
with increasing age (Table 1).  There were
statistically significant differences between age
groups with respect to left E/I(120 degrees/second)
values (p<0.002) and the p value (p=0.054) was
close to the significance level with respect to left E/
I  (30 degrees/second)  values .  There  were
statistically significant differences between the age
groups of 20–29 and 60–upper ages (p<0.004), and
30–39 and 60–upper ages (p<0.02) with respect to
left E/I (120 degrees/second) values in the post hoc
analysis. There were no significant differences
between male and female subjects with respect to E/
I ratios at 30 and 120 degrees/second (p>0.05)
(Table 2). E/I ratios at 30 and 120 degrees/second
were not different between the dominant and non-
dominant limbs (p>0.05) (Table 3).

DISCUSSION

The interesting finding in our study was the slight
increase in E/I ratio with increasing age. In the
study of Baumhauer et al.5) the E/I ratio at 30
degrees/second was reported as 89.4±0.19 in
athletes aged between 18-23 years. Willems et al.7)

reported the E/I ratios as 1.00±0.36 and 1.02±0.26
for 30 and 120 degrees/second angular velocities,
respectively, in a study population consisting of
students aged between 17–26 years. In another
study performed in a study population with a mean
age of 21.6 years, E/I ratios were between 0.94 and
1.10 at 30 degrees/second and between 0.61 and
0.75 at 120 degrees/second3). Although the ratios
reported in these younger population studies were
lower than the ratios we observed in the present

study, these comparisons further support our
conclusion that the E/I ratio slightly increases with
increasing age. This phenomenon persisted in both
slow (30 degrees/second) and medium high (120
degrees/second) angular velocities. Decreasing
knee extensor and flexor peak torque values in older
subjects have been reported, but the change in
agonist/antagonist ratio was not investigated
previously13). Our results suggest that strength
decline in agonist and antagonist muscle groups
may not be proportionate. This phenomenon may be
due to changes in daily activities due to increasing
age, decreased mobility or altered biomechanics as
a result of musculosceletal abnormalities like
osteoarthritis. Future studies which investigate the
effect of these possible factors may identify the
actual causes.

Another important finding of our study was the
similar E/I ratios observed in male and female
subjects at both 30 and 120 degrees/second angular
velocities. There were no statistically significant
differences between male and female subjects.
Although higher knee extensor and flexor peak
torque values in male subjects than female subjects
have been reported previously, the effect of gender
on ankle E/I ratio has not been investigated13–15).
Wong et al18). found no significant differences
between males and females in inversion and
eversion peak torque when normalized for body
weight. Similarly, no significant sex difference in
inversion or eversion strengths was found when
normalized to unit of body size in healthy young
adults in the study of Ottaviani et al.19).  Although
these two studies showed the similarity of evertor
and invertor peak torque/body weight ratios in both
sexes, our present study is the first to demonstrate
the similarity of E/I ratios in male and female
subjects.

In our present study, no statistically significant
differences between dominant and non- dominant
limbs with respect to E/I ratios at both 30 and 120
degrees/second angular velocities were found. This
finding is important because higher or lower peak
torque values according to the direction of
movement in the dominant and non-dominant limbs
have been reported previously16).  In that study
shoulder adduction, extension and internal rotation
were greater on the dominant side whereas
abduction and external rotation were greater on the
non- dominant side. Although we could not find any
previous study which had investigated the effect of



J. Phys. Ther. Sci. Vol. 21, No. 3, 2009266
limb dominance on ankle E/I ratio, Bernier et al8).
found no significant difference between the
dominant and non-dominant eccentric strengths of
ankle invertors and evertors using a Kin Com
dynamometer at a velocity of 90 degrees/second.
We consider that our study is important because it is
the first study to reveal the similarity of concentric
ankle E/I ratios on the dominant and non-dominant
sides. A point to mention here is that the dominance
of the limb was determined by asking which hand
was used for writing and eating in our study. As the
dominant cerebral hemisphere determines the
d o m i n a n c e  o f  t h e  l i m b s  w e  b e l i e v e  t h a t
inaccordance with upper and lower limb dominance
is rare. However, it would have been better to have
determined the dominance of the lower limb
specifically. This point is a limitation of our study.

In conclusion, according to our results, ankle
evertor/invertor peak torque ratios are affected by
age, but not by the dominance of the limb and the
patient’s gender. The ratios observed in different

age groups in our study could be used as reference
values in clinical evaluations and rehabilitation
programs without  taking into  account  the
dominance of the limb and the patient’s gender.
Future studies with larger sample sizes may further
demonstrate the relationship between age and the
ankle evertor/invertor peak torque ratios.
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