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Abstract

The purpose of this study was to examine the effect of chronic ankle instability (CAI) on eccentric
peak torque of the ankle musculature. The study included fifty participants divided into two
groups; the first group consisted of twenty five subjects suffering from CAl, the second group
consisted of twenty five subjects with no prior history of ankle injury as control group. Eccentric
peak torque of invertors, evertors, plantar-flexors and dorsiflexors was recorded for each
participant at angular velocities 30 and 90°/sec by using (Biodex Medical Systems, Inc, Shirley,
NY, USA). Analysis of variance (ANOVA) revealed that there was a significant deficit for
eccentric inversion, eversion, and plantar flexion peak torques between CAI group and control
group at both angular velocities (p< 0.05). However, no significant difference was identified for
eccentric dorsiflexion peak torque at both angular velocities (p> 0.05). There was no significant
increase in eccentric torque of invertors, evertors, plantar-flexors and dorsiflexors when the
angular velocity increased from 30 to 90%sec for normal and CAIl group (p> 0.05). Eccentric
strengthening of invertors, evertors, and plantar-flexors must be considered during rehabilitation
of subjects suffering from chronic ankle instability.
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Introduction

The ankle is the most commonly injured joint in the body and 85% of those ankle injuries are
inversion sprains [1]. The mechanism of a lateral ankle sprain is typically a violent
inversion/hypersupination of the ankle complex [2]. Numerous ankle sprains and a subjective
feeling of the ankle ‘‘giving way’’ result. Chronic ankle instability (CAI) limits the patient in
both activities of daily living and athletic activity [3].

Ankle joint stability is maintained by both static and dynamic mechanisms. Dynamic joint
stability relies heavily on a properly functioning neuromuscular network. Disruption in the
pathway may predispose the ankle to further injury and future instability [4]. Dynamic joint
stabilization is achieved by cocontraction of the muscles surrounding a joint. During activities
that involve the lower limb, such as running, cutting, and jumping, the athlete relies on muscular
cocontraction, in particular eccentric control, to minimize forces between the ground and the
ankle foot complex [5]. As a result, subjects who are imbalanced this muscular cocontraction
ability may be susceptible to injury because they do not have the muscular ability to smoothly
dissipate these forces in a coordinated manner. The excessive stress on the surrounding joint

tissues often predisposes the ankle joint injury [6].

Several authors [7-11] have reported decrements in CAIl ankle concentric evertor isokinetic
strength. Comparing an assessment of the ankle dorsal and plantar flexor muscles strength
manually and by the isokinetic dynamometry, Andersen and Jakobsen [12] revealed that the
manual testing leads to significant underestimation of frequency and severity of the muscles
weakness. Therefore the results of patients’ clinical examinations manually could be inaccurate.
Leanderson et al. [13] measured by the isokinetic dynamometry the ankle evertor muscle peak

torque value and found deficit after ankle sprains.

Tropp [9] and Hartsell and Spauling [14] have identified both concentric and eccentric eversion
torque deficits; whereas others have concluded that no eversion deficit exists, regardless of mode
or speed of contraction. [15] McKnight and Armstrong [16] and Baumhauer et al. [17] found no
significant invertor deficits. Termansen et al. [18] studying the plantar-flexors reported concentric

torque deficits in participants with a history of a lateral ankle sprain.
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Eccentric muscle contraction could be considered a critical component of ankle control during
virtually all ankle joint movements [19]. Furthermore, eccentric muscle actions are more
representative of dynamic ankle stabilization mechanisms [2]. Therefore, the purpose of the
present study was to examine the effect of chronic ankle instability on eccentric peak torque of

invertors, evertors, plantar-flexors and dorsiflexors.
Materials and methods
Subjects

Fifty subjects were included in this research. The healthy group consisted of twenty five
participant (16 male and 9 female, age range 19-26 years, height= 174.9 = 5.5 cm, mass = 73.33
+ 7.76 kg) with no prior history of pathology to either lower extremity. The CAI consisted of
twenty five participant (17 male and 8 female, age range 19-27 years, height= 176.13 + 6.6 cm,
mass = 74.13 £ 6.77 kg).

The CAI subjects participated in this study were randomly selected according to the following
inclusion criteria; (1) a history of at least 1 unilateral lateral ankle sprain that required
immobilization for at least 3 days; (2) at least 1 episode of giving way within the past year; (3) at
least 1 recurrent sprain between 3 and 6 month before study participation; (4) report of pain,
instability, and/or weakness in the involved ankle; (5) attribution of these signs to the initial ankle
injury; (6) failure to resume all pre-injury level of activities; (7) no previous ankle fractures; (8)
no previous head and acute lower extremity injury within the past 3 months; (9) no formal
rehabilitation of the involved ankle. These requirements have been used previously as inclusion
criteria for individuals with CAI [20, 21]. an episode of re-injury between 3 and 6 months before
enrolled in this investigation was required to ensure that subjects still had physical manifestations
of CAI but that acute symptoms were resolved [21].

Written consent was obtained from each subject before testing, and all subjects were screened to
ensure that no lower extremity neuromuscular or musculoskeletal problems or contraindications
for isokinetic testing, after being informed about the study and test procedures, and any possible
risks and discomfort that might ensue. The study was approved by the research ethical committee

of the Faculty of Physical Therapy, Cairo University.
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Testing Procedures

The subjects warmed up for 5 min on a stationary bicycle at a comfortable pace between 60 and
70 revolutions per minute and 5 min of stretching exercise for invertors, evertors, plantar-flexors
and dorsiflexors. The participants were then tested in both plantarflexion/dorsiflexion (figure 1)
and inversion/eversion (figure 2) movements by using the Biodex multi joint system 3 isokinetic
dynamometer (Biodex Medical Systems, Inc, Shirley, NY, USA).

Figure 1. Foot position during measurement of dorsiflexors and plantar-flexors eccentric peak
torque

Figure 2. Foot position during measurement of invertors and evertors eccentric peak torque
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The test angular velocities were 30 and 90°/sec for all movement patterns inversion/eversion and
plantarflexion/dorsiflexion. The angular velocity 90°/sec is the optimal testing speed for eversion
movements [6]. Moreover, during eccentric muscle performance must use the low-medium range

of velocity spectrum, because using high velocities is not risk free [22].

Each subject was seated on the biodex chair, with the angle of hip 80° flexion (0° neutral
position). In ankle plantarflexion/dorsiflexion test and inversion/eversion a knee pad was placed
under distal femur and secure with a strap allowing for approximately 20° to 30° of knee flexion,
also ensure that the subjects's lower leg is parallel to the floor, this also diminished the potential

for dynamic hamstring activity falsely contributing to the generated torque [23].

The foot and ankle were positioned into either the inversion/eversion or
plantarflexion/dorsiflexion attachment with straps to secure the foot. Once positioned, the
participant's active range of motion was used to determine the start and stop angles. For each
testing motion, a warm-up of 10 repetitions at 30 and 90°/sec was performed for familiarization
of the speed of movement and the eccentric mode of testing. This was followed by 5 continuous
repetitions throughout the range of motion [24], and a two-minute rest was permitted between the

test for inversion/eversion and plantarflexion/dorsiflexion to prevent the buildup of fatigue [5].

Statistical analysis

The peak toque (expressed in Nm) of the ankle joint muscles at angular velocities 30 and 90°/sec
was recorded. The highest value of each bout of repetitions was used. Data were analyzed by
using a Statistical Package for Social Sciences (SPSS version 16) Analysis of variance (ANOVA)
was used to compare between normal and CAI group at angular velocities 30 and 90%sec. Level

of significance was set at 0.05 for all statistical tests.
Results

Descriptive statistics for ankle joint muscles peak torque (Nm) for normal and CAI groups at

angular velocities 30 and 90°%/sec are presented in Table 1.
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Effect of CAIl on eccentric peak torque

For the plantar-flexor muscles there was a significant difference between the normal and CAI
eccentric peak torque values at angular velocity of 30°/sec as well as at 90°/sec, p = 0.036 and
0.027 respectively. However, for the dorsiflexor muscles there was no significant difference
between the normal and CAl eccentric peak torque values at both angular velocities, p = 0.557
and 0.579 respectively.

Considering the invertor muscles there was a significant difference between the normal and CAI
eccentric peak torque values at angular velocities 30 and 90°/sec, p = 0.035 and 0.007
respectively. For eccentric contraction of evertor muscles there was a significant difference
between the normal and CAl eccentric peak torque values at both angular velocities, p = 0.037

and 0.042 respectively.

Table 1. The mean values of peak torque (+SD) for the ankle joint muscles for the normal and
CAl at angular velocities 30 and 90°/sec

Groups Degree Plantarflexion Dorsiflexion Inversion Eversion
Mean+SD Mean+SD Mean+SD Mean+SD
Normal 30%sec 78.24+9.23 40.28+7.90 29.04+ 6.80 24.76+6.46
90%sec 81.04+10.69 42.32+9.07 32.32+7.24 26.76+5.92
CAI 30%sec 73.04+6.77 38.84+8.34 25.16£6.02 21.20+£5.42
90%sec 75.56£7.31 40.96+9.21 27.324+5.38 23.28+5.98

Effect of angular velocity on eccentric peak torque

There is no significant increase in the plantar-flexor muscles eccentric torque when the angular
velocity increased from 30 to 90°/sec for normal and CAIl group, p = 0.255 and 0.305
respectively. Moreover, there is no significant increase in eccentric torque of dorsiflexor muscles
as the angular velocity increased from 30 to 90°/sec for normal and CAI group, p = 0.406 and

0.388 respectively.
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There is no significant increase in the invertor muscles eccentric torque when the angular velocity
increased from 30 to 90°/sec for normal and CAI group, p = 0.073 and 0.236 respectively.
Moreover, there is no significant increase in eccentric torque evertor muscles as the angular
velocity increased from 30 to 90°/sec for normal and CAI group, p = 0.238 and 0.220

respectively.
Discussion

This study was conducted to examine the effect of functional ankle instability on eccentric peak
torque of invertors, evertors, plantar-flexors and dorsiflexors. The testing procedure of the current
study conducted on the eccentric mode of muscle contraction and didn’t include concentric
contraction that is due to Dvir [5] stated that it is not advisable to draw comparisons between
concentric and eccentric values. Eccentric contraction involves lengthening of the muscle while
attempting to resist the force, while concentric muscle contraction involves shortening of the

muscle-tendon unit [25].

In order to achieve a certain force, lower levels of motor-unit activity are required with eccentric
actions. Consequently, additional units not being used are available and can provide higher
increments than with concentric contractions. For the same test velocity, eccentric strength is
greater than concentric strength, and the order of strength depends on contraction mode
(eccentric, isometric, concentric) [26].

Moreover, the maximal moment developed concentrically by the muscle decreases concurrently
with increments in test velocity, whereas for eccentric actions, the tension generated by the
muscle remains similar, regardless of test velocity which is coincident the results of the present
study that proved that the plantar-flexors, dorsiflexors, invertors and evertors muscles eccentric

peak torques doesn’t significantly increased as the angular velocity increased [5].

Hartsell et al. [27] established eccentric evertor muscle weakness comparing patients with normal
subjects, which is coincident with the results of the present study. Eccentric evertor strength
weakness might be explained as follows, biomechanical changes around the ankle joint caused by
unstable ankle deficiency might affect eccentric activity to a greater degree than healthy ankle

joints. In addition, evertor muscle atrophy might affect eccentric activity at the cellular level [28].
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Additionally, McKnight and Armstrong [16] Baumhauer et al. [17] Fox et al. [29] did not find a
significant difference in eccentric invertor torque between the lateral ankle sprain patients, and
uninjured subjects, which is against the result of the current study. Their results contradict
previous findings of Hartsell and Spaulding [14] who found invertor deficits in participants with
CAl. One potential reason for these discrepancies is the mode and speed of testing. Testing
speeds of previous investigations ranged from 30 to 240°sec and mode of testing included both
eccentric and concentric contractions. All these variety in testing procedures makes it difficult to

interpret and compare previous findings.

Ryan [30] theorized that the inversion deficits might have resulted from selective inhibition or
deep peroneal nerve dysfunction as a result of overstretching the peroneal nerve. Moreover he
speculated that lateral ankle sprain renders the invertor motor- neuron pool less excitable, while
the evertor motor-neuron pool is not affected as much, which could be the reason for invertor

weakness in lateral ankle sprain.

Fox et al. [29] proved that there is a decrease in plantar-flexor torque for participants suffering
from lateral ankle instability which is concurred with the findings of the current study that could
be the result of several different factors. First, the deficit could be the result of damage to the
gastrocnemius-soleus complex during the initial injury. Hertel [3] identified damage to both the
ligamentous and musculotendinous structures after a lateral ankle sprain. The gastrocnemius-
soleus complex crosses the talocrural joint, so this complex could be damaged by a severe
inversion stress. Second, reduced motor unit excitability could occur after an initial ankle sprain

and lead to decreased plantarflexion torque.

McVey et al. [31] identified arthrogenic muscle inhibition of the soleus muscle in participants
with unilateral ankle instability. The authors suggested that changes in afferent feedback could
contribute to both muscle inhibition and lateral ankle instability. Finally, little is known about the
muscle-fascia interfaces and their relationship to injury. The formation of fibrous tissue in the
myofascial interface would theoretically lead to inhibition of the muscle's ability to lengthen
during activity [29]. The results of dorsiflexion torque of participants with a history of lateral

ankle instability did not have deficits at angular velocities 30 and 90%sec, this results agree with
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the results of the previous studies [4, 16, 17, 29] regardless of population, mode of testing, or
type of contraction.

This study was limited by the following: First, the sample study was untrained subjects. So, the
reader must be careful during application of these results on physically active subjects or athletes.
Second, this study utilized a relatively young sample. Therefore, the results of the present study
will be more suitable for similar age group and further research evaluate the effect of CAl on the
eccentric peak torque of ankle musculature in other age groups would be interested especially
elder subjects. Finally, the angular velocities used during conduction of this study were 30 and
90°/sec which considered slow and moderate velocities. So, further research can be conducted at

faster angular velocities.
Conclusion

This study evaluated the eccentric peak torque of invertors, evertors, plantar-flexors and
dorsiflexors of chronically unstable ankles and found a deficit in inversion, eversion, and
plantarflexion eccentric peak torque at angular velocities 30 and 90%sec. No deficit identified for
dorsiflexion eccentric peak torque at both angular velocities. So, Eccentric training of invertors,
evertors, and plantar-flexors lead to more effective rehabilitation programs of subjects suffering

from chronic ankle instability and prevent the incidence of recurrent ankle sprain.
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