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ABSTRACT 
The aim of this study was to evaluate the alterations in eccentric evertor/concentric invertor strength ratio 
and their importance in the chronically unstable ankle. Eight patients with chronic ankle instability (CAI) 
and nine healthy individuals participated in this study. Isokinetic concentric and eccentric invertor and 
evertor muscle strength measurement was carried out at an angular velocity of 120°· sec-1 by measuring 
maximal force moments (torque) during isokinetic ankle inversion and eversion movements. 
Functionally, evertor/invertor muscle strength ratios (E/I strength ratio) were calculated separately based 
on peak moment and angle-specific moments obtained at 0°, 5°, 10°, 15°, 20° ankle joint angles. Peak 
and angle-specific eccentric evertor strength values at 0°, 5°, 10°, 15°, 20° were significantly lower in the 
chronic ankle instability (CAI) group. In spite of this, no differences were obtained for peak and angle-
specific concentric invertor torque values. Eccentric evertor/concentric invertor strength (Eecc/Icon) ratios 
were also significantly lower in the CAI group, but only at 15° and 20°. Eccentric evertor muscle torque 
and end range (15°-20°) Eecc/Icon strength ratio for the chronically unstable ankle were significantly 
different from those for the healthy ankle. For this reason, measurements of end range 
eccentric/concentric strength ratios are more valuable in monitoring chronic ankle injuries and 
rehabilitation should include not only concentric muscle strengthening but also eccentric m uscle 
strengthening, particularly for the evertor muscles.  
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INTRODUCTION 
 
Sprain of the lateral ankle ligaments is one of the 
most common injuries sustained during sport 
(Garrick and Requa, 1988). Given the high 

prevalance of this injury, and the large proportion of 
sufferers who continue to experience related 
functional disability, it is important to identify 
impairments that contribute to functional ankle 
instability.    The    most     common    complications  
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following ankle sprain are mechanical and 
functional instability (Irrgang et al., 1994; Wester  et 
al., 1996), and it has been suggested that weakness 
specifically of the ankle evertors after ankle injury 
may be a contributory factor in this instability 
(Tropp, 1986).  

Isokinetic muscle strength testing is used by 
clinicians for the evaluation of ankle evertor or 
invertor muscle strength differences, for the 
assessment of concentric and eccentric peak torque 
in different sporting populations, or for detecting 
muscle strength loss after injury (Aydin et al., 
2001a; Aydin et al., 2001b; Aydin et al., 2002). The 
evertor/invertor ratios for either concentric or 
eccentric muscle activity are also used as guidelines 
for managing strength training or injury 
rehabilitation by assessing changes in the ratios after 
training or injury (Wilkerson et al., 1997; Aydin et 
al., 2002; Munn et al., 2003). During athletic 
activities, agonist muscles produce concentric work 
to accelerate the limb, whereas antagonist muscles 
generate eccentric work to control this concentric 
work and prevent joint overloading. Because of this, 
it has been suggested that the concentric and 
eccentric agonist/antagonist strength ratio may not 
be functionally relevant (Aagaard et al., 1998). 
Aagaard et al. (1995; 1998) further suggested that 
functionally more important ratios are created by 
dividing the eccentric strength of the antagonist 
muscle by the corresponding concentric strength 
value of the agonist muscle (Antecc/Agocon strength 
ratio) in an isokinetic evaluation. The Antecc/Agocon 
ratio is velocity dependent and increases 
proportionately with test velocity (Perrin, 1993; 
Dvir, 1995). 

At present there is no data Antecc/Agocon ratio 
in the human ankle . Earlier Aagard (1998) 
investigated eccentric hamstring/concentric 
quadriceps ratios in healthy subjects. Gibson et al. 
(2000) also showed that eccentric hamstring/ 
concentric quadriceps ratios were similar in anterior 
cruciate ligamant (ACL) deficient and normal limbs. 
Most studies about the ankle have used eccentric 
agonist/concentric agonist ratios (Hartsell et al., 
1997; Wilkerson et al., 1997; Hartsell and 
Spaulding, 1999; Munn et al., 2003). Reinking 
(1991) reported the eccentric/concentric ratios for 
the dorsiflexors of the ankle to be 1,45 and 1,50 for 
velocities of 30°· sec-1 and 90°· sec-1 respectively. 
Hartsell and Spaulding (1999) compared the ratios 
of invertor and evertor ankle muscles of healthy 
subjects with patients suffering from chronic 
unstable ankle at 4 different angular velocities (60°, 
120°, 180° and 240°· sec-1). As a result, they reported 
no significant difference in the eccentric/concentric 
ratios between patients and a corresponding control 
group. 

Lateral ankle sprains characteristically occur 
toward the end range (0°-30°) (Wright et al., 2000). 
There are numerous factors and mechanisms that are 
thought to prevent increased ankle sprain occurence 
(Lentell et al., 1995). The eccentric evertor/ 
concentric invertor strength ratio (Eecc/Icon) is one of 
those factors associated in the prevention of 
inversion trauma. An increase in this ratio toward 
end range (from 0 ° neutral position to 30° inversion 
angle) is expected for preventing ankle inversion 
sprain. It is thought that the ratio is decreased in an 
acute sprain of the ankle. However, the ratio has  not 
been evaluated in the acute period, owing to the 
inability of performing isokinetic tests. In the 
chronic period, a decline in Eecc/Icon strength ratio 
toward end range may occur due to swelling, pain, 
injury to the muscles, ineffective exercise 
programmes or ligament laxity. To date there is no 
detailed information on this issue. The purpose of 
the present study was to evaluate alterations in 
eccentric evertor/concentric invertor strength ratio 
toward the end range and evaluate its importance in 
the chronically unstable ankle. 
 
METHODS 
 
Subjects 
Two groups of subjects were used, a control group 
of healthy subjects and a group with ankle 
instability. The chronic ankle instability group (CAI) 
consisted of 8 men who had sustained at least two 
moderate sprains to the same ankle which required 
medical intervention and who complained of 
repeated episodes of “giving way”. No subjects had 
suffered injury to the unstable ankle for at least six 
months before testing, were not undergoing 
rehabilitation of the ankle, nor had any complaints of 
pain, swelling, or functional limitations. The healthy 
group consisted of 9 men with no prior history of 
pathology to either lower extremity. Active range of 
motion (dorsiflexion/plantarflexion; inversion/ 
eversion) as measured using an electronic 
goniometer (Cybex, EDI 320, USA) were found to 
be within normal limits for both groups. No subjects 
were involved in physical activity that exceeded 
three sessions a week for more than half an hour per 
session. Written consent was obtained from each 
subject before testing, and all subjects were screened 
to ensure that were 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, 
their written informed consent to participate was 
obtained in accordance with the Helsinki 
Declararion (WMADH, 2000).  
 



Yildiz et al.  
 
 

72 

Isokinetic Strength Measurement 
Subjects performed a ten-minute warm-up of general 
range of motion and stretching exercise for joint 
movements of inversion/eversion and dorsiflexion/ 
plantarflexion. After the warm-up, they were 
appropriately positioned on the isokinetic 
dynamometer (Cybex Norm, USA), which was 
calibrated before testing each subject. The subtalar 
joint was positioned in the neutral of inversion, and 
eversion was identified using palpation during 
passive movement of the talus (Ronkonkoma, 1995; 
Donatelli, 1996). The talocrural joint was positioned 
in 10°-15° plantarflexion as a consequence of the 
low cut lace up shoe worn by each subject that 
simulated a position for inversion injury (Wong et 
al., 1984). Two straps, which crossed to the dorsum 
of the foot, were attached to the footplate. The knee 
of the test leg was positioned in 80°-110° flexion 
and the lower leg was parallel to the floor. The thigh 
stabiliser pad and strap secured the distal aspect of 
the thigh for the test leg and a seatbelt placed around 
the abdomen secured the torso.  
 
Table 1. Physical characteristics of the subjects. 
Data are mean (SD). 

Chronic Ankle 
Instability 

Healthy 

Age (years) 26 (2) 25 (2) 
Height (m) 1.73 (.06) 1.74 (.04) 
Weight (kg) 72.3 (4.3) 71.9 (5.1) 

 
Three submaximal trials were followed by five 

maximal concentric and eccentric invertor trials. 
Evertor muscle strength was obtained by measuring 
maximal force moments (torque) during isokinetic 
ankle inversion and eversion movements at 120°· sec 
-1 angular velocity. To ensure that  a maximal effort 
was attained, all subjects received positive verbal 
encouragement during testing. The same investigator 
performed all the tests to ensure standardization. A 
two-minute rest was permitted between the test for  
 
 

inversion  and  eversion  to  prevent  the  build up of 
fatigue (Perrin, 1993; Dvir, 1995). 
 
Functional Evertor/Invertor Muscle Strength Ratio 
Evertor/Invertor muscle strength ratios (E/I strength  
ratio) were calculated separately based on peak 
moment and angle-specific moments obtained at 0°,  
5°, 10°, 15° and 20° ankle joint angles. The 
functional E/I strength ratio representative for ankle 
inversion (Eecc/Icon) was determined as the maximal 
eccentric evertor moment divided by maximal 
concentric invertor moment and was calculated 
separately at each of the respective joint angles.   
 
Data Analysis 
The Cybex NORM software program provided the 
measures of peak torque at each ankle angle (0°-
20°). The Mann Whitney U and Friedman tests were 
used for comparing parameters between and within 
groups, respectively. The level of significance for 
statistical analysis was set at a p value of <0.05. The 
data is presented as means ± SD. 

 
RESULTS 
 
Age, height and weight of the two groups were 
similar (Table 1). Eccentric evertor peak torque 
values were lower in the CAI group (p=0.009, Table 
2). In spite of this, concentric invertor peak torque 
and peak eccentric evertor/concentric invertor 
strength ratios (p-Eecc/Icon) were similar in the two 
groups (Table 2). Eccentric evertor peak torque 
values were significantly lower in the CAI group 
from 0° to 20° inversion angle (Table 2).  

Although concentric invertor peak torque 
values from 0° to 20° inversion angle were lower in 
the CAI group, these differences were not 
statistically significant compared with the control 
group (Table 2).   

Eccentric evertor/concentric invertor strength 
(Eecc/Icon)  ratios were significantly lower  in the CAI  

Table 2. Peak and angle specific eccentric evertor, concentric invertor strength and Eecc/Icon ratio toward the 
end range in chronic ankle instability and healthy groups. Data are mean (SD). 

 Chronic Ankle Instability  Healthy 
 Ecc-Ev 

(Nm) 
Con-In 
(Nm) 

 
Ratio 

Ecc-Ev 
(Nm) 

Con-In  
(Nm) 

 
Ratio 

Peak Torque  28.9 (5.3)** 18.6 (4.5) 1.7 (0.6) 37.3 (5.8) 19.7 (3.6) 1.9 (0.5) 
0°°  24.4 (5.4)* 18.8 (4.2) 1.3 (0.3) 32.8 (4.9) 20.9 (4.3) 1.7 (0.5) 
5°°  24.8 (6.5)* 15.8 (3.4) 1.6 (0.3) 34.7 (5.2) 17.6 (4.5) 2.1 (0.7) 

10°°  23.1 (8.4)** 12.5 (3.7) 1.9 (0.6) 36.7 (5.5) 15.3 (5.0) 2.7 (1.1) 
15°°  19.1 (10.3)** 8.6 (3.0) 2.2 (0.6)* 37.6 (5.7) 11.4 (4.8) 3.9 (1.7) 
20°°  15.7 (8.2)** 6.0 (2.3) 2.6 (0.7)* 32.8 (6.0) 8.3 (4.4) 4.9 (2.5) 

Abbreviations: Ecc-Ev: Eccentric Evertor, Con-In: Concentric Invertor, Ratio: Eccentric Evertor/Concentric 
Invertor (Eecc/Icon). 
* and ** denote p<0.05 and p <0.01 respectively – CAI group compared with healthy group.  
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group at 15° and 20° compared with the healthy 
group (p<0.05, Figure 1, Table 2). 

Eccentric evertor peak torque values toward 
the end range were significantly decreased in the 
chronic   ankle   instability   group compared with 
the healthy group (Table 2, Figure 1). Concentric 
invertor peak torque values were significantly 
decreased toward the end range for both groups. 
In contrast, Eecc/Icon strength ratios toward the 
end range were significantly increased  within 
both groups. 
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Figure 1. Eccentric evertor/concentric invertor 
(Eecc/Icon ) strength ratios toward the end range at 
120° sec-1 angular velocity. Error bars indicate SD. * 
indicates p < 0.05. 
 
DISCUSSION 
 
Muscle weakness and functional instability at the 
ankle were found to exist at the same time. The 
chronically unstable ankle was significantly weaker 
than the healthy ankle especially for the eccentric 
evertors. While this observed relation between 
peroneal muscle weakness and functional instability 
supported earlier findings (Bosien et al., 1955; 
Tropp, 1986), a similar finding was also observed 
for the invertor muscle , which is a new finding 
(Hartsell et al., 1997; Munn et al., 2003).  

The chronically unstable ankle would appear 
to be at risk of re-injury. Ligamentous injury 
typically occurs when the peroneal muscles are 
called upon to work eccentrically in response to high 
velocity movements (Lentell et al., 1990). 

Few studies have investigated eccentric 
evertor and invertor ankle strength in functional 
ankle instability. To date, three studies have 
compared the injured with the non-injured limb in 
subjects with functional ankle instability. None of 
the studies showed a deficit in eccentric evertor 
muscle strength (Bernier et al., 1997; Heitmann et 
al., 1997; Kaminski et al., 1999; Munn et al., 2003). 

Hartsell et al. (1997) established eccentric evertor 
muscle weakness comparing patients with normal 
subjects. In our study, eccentric evertor peak torque 
strength of the evertor muscles was 28.9±5.3 Nm in 
CAI and 37.3±5.8 Nm in the control group (p < 
0.01).   

Eccentric evertor strength weakness might be 
explained as follows. Biomechanical changes around 
the ankle joint caused by chronically 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. It is not possible to assess from our 
study which of these factors is the cause of the 
deficits in evertor eccentric peak torque relative to 
the healthy ankle. The finding that the concentric 
invertor peak torque was not significantly different 
between the CAI and healthy groups indicates that 
strength losses were not a result of altered joint 
motion dynamics, but rather from a deficiency in the 
muscles themselves or their neural control 
mechanism.  

It was previously reported that concentric 
invertor muscle strength deficit was observed in the 
chronic unstable ankle (Wilkerson et al., 1997). In a 
recent study, concentric invertor muscle weakness 
was not observed when comparing the normal and 
disabled limbs (Munn et al., 2003). They supported 
the idea that eccentric strength deficits of the 
invertor muscle may contribute to symptoms of 
ankle instability through a reduced capacity to 
control lateral postural sway in weight bearing. In 
our study, we did not find a concentric  invertor 
muscle strength deficit (CAI Group:18.6±4.5 Nm; 
Control Group:19.7±3.6 Nm). This data shows that 
concentric invertor muscle strength may not 
contribute to chronic ankle instability.    

Eccentric evertor/concentric evertor and 
eccentric invertor/concentric invertor strength ratios 
have been described in individuals with chronically 
unstable ankle (Hartsell and Spaulding, 1999). 
However, no previous studies have described the 
functional Eecc/Icon strength ratio changes associated 
with CAI and healthy groups. Hartsell and 
Spaulding (1999) reported that eccentric/concentric 
strength ratio for the eversion and inversion motions 
were found to be similar in both groups (injured and 
healthy groups) and to increase proportionally with 
increasing velocities, which supports previous 
research on healthy subjects tested at the elbow and 
knee. They found that with 120°· sec-1 angular 
velocity eccentric evertor/concentric evertor strength 
ratio was 1.72 in the healthy group and 1.83 in 
patients with chronic ankle instability. The eccentric  
evertor/concentric evertor strength ratio found in 
their study contradic ts Aagaard’s recent findings 
(Aagaard et al., 1998). Gibson et al. (2000) showed 
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that the eccentric hamstring/concentric quadriceps 
strength ratios were similar in ACL deficient and 
normal limbs . 

In our study p eak Eecc/Icon strength ratio was 
1.7 in the CAI and 1.9 in the healthy group. This 
difference was not significant. It has been suggested 
that the eccentric/concentric ratio describes 
functional capacity more accurately than the agonist 
concentric/antagonist concentric or agonist 
eccentric/antagonist eccentric muscle strength ratios. 
This is because normal gait and movement patterns 
involve interaction between eccentric and concentric 
antagonist activity, rather than concentric -concentric 
muscle activity as described by the concentric 
agonist/antagonist strength ratio (Aagaard et al., 
1998). Thus, the finding that the Eecc/Icon strength 
ratio is similar in CAI and healthy groups may have 
functional significance. First of all, we can speculate 
about the neural activity pattern regulating and 
reducing the loss of strength in evertor and invertor 
muscles for the continuity of the normal function of 
the ankle joint in the CAI group. Indeed, Synder-
Mackler et al. (1997) suggested that the ability to 
alter neuromuscular control patterns might be a 
determining factor in successful compensation after 
ACL injury. In our study we can not establish  either 
the alterations originating from peripheral 
proprioceptive receptor or their effects after acute 
ankle injury. Nevertheless, the theory suggesting  a 
neural pathway was changed that may explain the 
similarity of Eecc/Icon strength ratios in the CAI and 
healthy group. In addition to this, evertor eccentric 
muscle strength and Eecc/Icon strength ratio serve as a 
preventive force in chronic ankle injury. Therefore, 
despite the similar Eecc/Icon strength ratios between 
CAI and the healthy group, during functional 
activity the protective eccentric evertor response 
may not operate with enough vigour to reduce 
functional instability in the CAI. Relating to this 
result, we suggest that in addition to increased 
laxity, the loss of eccentric strength in evertor 
muscles may also account for recurrent ankle trauma 
in the CAI group. 

Lateral ankle sprain are seen in situations 
which ligamentory support is decreased and the 
mechanical axis is compromised (at the end range). 
Eccentric evertor muscle strength and Eecc/Icon 
strength ratios toward the end range are the 
preventive factors in this kind of trauma. The 
increase in Eecc/Icon strength ratios in both groups can 
be determined as a mechanism which prevents ankle 
injury. However, the question remains; why do the 
recurrent injuries occur in the CAI group? Although 
the decreases in concentric invertor muscle strength 
in both groups were similar; the decrease in 
eccentric evertor muscle strength was significantly 
greater in the CAI than in the healthy group at 0 °, 

5°, 10°, 15° and 20°.  Eecc/Icon strength ratios were 
significantly lower in the CAI than the control 
group, especially at 15° and 20° (Table 2, Figure 1). 
The loss of eccentric strength in evertor muscle and 
the the low Eecc/Icon strength ratios toward the end 
range clarify the recurrent ankle sprain in CAI 
group.  
 
CONCLUSION 
 
The current study supports that end range (15°-20°) 
Eecc/Icon strength ratios and eccentric evertor muscle 
torque for the chronically unstable ankle are 
significantly different from those for the healthy 
ankle. On the contrary, there was no significant 
difference between the two groups for peak Eecc/Icon 
strength ratio. For this reason, measurements of end 
range Ecc/Con strength ratios rather than ratios 
evaluated at smaller ranges are most valuable in 
chronic ankle injuries. Eccentric evertor strength 
weakness may predispose recurrent ankle injuries in 
cases of biomechanical insufficiency of the ankle 
joint. It may be concluded that rehabilitation should 
include not only concentric muscle strengthening but 
also eccentric muscle strengthening, particularly for 
the evertor muscles.  
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