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Abstract

The assessment of ankle joint repositioning is commonly used to detect joint impairment in people
with chronic ankle instability (CAI). To decrease measurement fluctuation errors, it has been suggested
that an average of 10 measurements be utilized. However, learning and tiredness difficulties, particularly
in children, might make this difficult. Therefore, this study aimed to compare the repeatability of 3 and 10
measures of ankle joint repositioning using an isokinetic dynamometer (Biodex) in children with CAI.
Ten children with CAI with an average age of 11.21 years were recruited in the study. The ankle
inversion and eversion angles for 3 and 10 trials using active and passive reproduction protocols were
recorded using Biodex Multi-Joint System 4™. The error of reproduction angle was presented by the
mean, correlation, and percentage changes for both active and passive reposition angles. The means of the
error for ankle joint reproduction angles revealed no significant differences between 3 and 10 trials for
both active and passive protocols (p > 0.05). The ICCg), revealed high correlations between 3 and 10
trials of assessments (ICCy) = 0.82 - 0.91). The percentage changes of means and standard deviations
showed learning effect of ankle joint proprioception measurement after the 4™ and the 5™ trials for
inversion and eversion, respectively. Therefore, to prevent learning and fatigue effects, a 3-trial protocol
would be more appropriate than a 10-trial protocol. However, a 4-trial protocol and a 5-trial protocol were
suggested for inversion and eversion, respectively. The suggested protocols are recommended to use for
further reliability studies of the ankle joint proprioception in children with CAI.
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Introduction

Ankle instability is considered an abnormal condition of the ankle after experiencing ankle injury
[1-5]. People with ankle instability often feel uncomfortable when they perform functional movements
and activities. Problems occurring from this condition consist of pain, swelling, muscular weakness,
decreased range of motion, impaired joint position sense, and sensory impairment [6-9]. These affect
postural balance related to activities of daily living [1,10-14]. If these problems persist, they can lead to
chronic ankle instability [3,10,11,15-18].

Chronic ankle instability (CAI) is defined as the recurring giving way of the lateral side of the ankle
[5,15,19,20]. Giving way can occur during either static or dynamic activities, such as standing, walking,
or other activities involving ankle movement. CAI can occur at a young age [3,12,21] with children
having greater movement during activities in daily living which can increase the possibility of an ankle
sprain and recurrent ankle sprains. A recent study in Thai children reported that the prevalence of CAI in
children was similar to that reported in adults [22]. This confirmed that symptoms associated with CAI
occurred before adolescence and highlighted that children are at risk of ankle instability.

Damaged ligaments, tendons, and joint capsules after an ankle sprain have been related to deficits in
sensation around the ankle joint due to impairment of mechanoreceptors [7,23], which interrupts the
afferent impulses to the CNS which provides incomplete or false proprioceptive information which can
affect joint position sense (JPS) [24]. This is problematic during movements such as standing, running
and jumping. Therefore, assessment for impairment of joint position sense is important for planning
appropriate interventions for people with CAI.

Joint position sense is often assessed using passive and active reposition protocols; however, it has
been recommended to use an average of 10 assessments when reporting the results in clinical and
research settings to reduce measurement errors [25-28]. However, these many repetitions may lead to
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learning and fatigue effects, especially in children. In contrast, Stillman [29] and Selfe et al. [30]
suggested that 5 repetitions are required at each target position to ensure the stabilization of the knee joint
position sense values. However, Selfe et al. [30] found few further changes between 3 trials and 6 trials. It
has been suggested that the use of 3 trials can be used to avoid such learning effects [31]. The results
showed a smaller magnitude of differences among the first 3 trials with a larger magnitude of differences
in the subsequent measurements and concluded that a 3-trial protocol was appropriate when testing knee
joint position sense. However, to confirm that a 3-trial protocol can be used to determine the degree of
error in ankle joint angle reproduction in children with CAI a study was needed to explore the differences
between the 10- and 3-trial protocols in children with CAI. Therefore, this study aimed to compare the
average degree of error of ankle joint reproduction angles between the 10- and 3-trial protocols of ankle
inversion and eversion reproduction angles, and evaluate the correlation between the degree of error in
the ankle joint reproduction angles.

Materials and methods

Study design

This study was a cross-sectional study. The setting area of the study was the Pediatric laboratory
room at the Faculty of Physical Therapy, Mahidol University, Nakhon Pathom, Thailand. The tester for
this study was a physical therapist working in the pediatric field and with experience of using the Biodex
system in children for over 5 years.

Participants

Participants of this study were 6 boys and 4 girls with CAI who met the study criteria. They were
volunteers from Nakhon Pathom province. Children received information about this study from
advertisements. Then, they undertook the procedure of screening for inclusion and exclusion criteria. The
inclusion criteria consisted of a unilateral ankle sprain, at least 1 recurrent sprain in the previous year, and
experiencing at least 2 episodes of the sensation of giving way or feeling of ankle instability in the
previous 6 months were recruited. Exclusion criteria consisted of a history of lower extremity injury
during the previous 3 months, a history of fractures in the lower extremities, a history of lower extremity
surgery, vision difficulties that could not be corrected by lenses or glasses, auditory problems that could
not be corrected using a hearing aid, vestibular problems, joint hypermobility, joint stiffness, and muscle
shortening, history of seizures, and any characteristics of physical anomalies or deformities. All children
and their parents received an explanation about the study protocol and signed an informed consent form
before entering the study.

Instrumentation A Biodex Multi-Joint System 4™ was used to test proprioception by testing the
ability of participants to reposition their ankle at a target angle [5,31-33], which has been reported to be
valid for such testing [34] and widely used for lower limb testing [13, 30, 31, 35-38] and has previously
been used in the assessment in child tackwondo practitioners with ankle sprains, and reported a high inter
and intra tester reliability (ICC, k) = 0.985, p < 0.05 and ICCg, k) = 0.987, p < 0.05), for both active and
passive reposition protocols [39]. The intra-tester reliability of this study was determined by using data
from 10 children with ICC ;) range 0.89 - 0.93 for inversion and eversion.

Procedure

All children who completed informed consent form were assessed for the objective tests with the
Anterior Drawer test (ADT) and Talar Tilt test (TTT). Foot and Ankle Ability Measure (FAAM) in the
Thai version was used to report the function of each child.

Testing of joint position sense, each child was positioned in a sitting position on the Biodex
machine’s adjustable seat. The ankle to be tested was fixed to the footplate with straps with the ankle in a
neutral position with the opposite foot placed on a footrest, and the “Hold” button was placed in the
subject’s hand. During the ankle joint reposition tests, the children were blindfolded to eliminate the
contribution of visual cues to joint repositioning. The children were allowed to practice the testing
procedure until they indicated they were ready. The tested ankle was passively moved to the end range of
inversion and eversion to measure the maximum angle. The target angle was calculated depending on
each child’s maximal angle by subtracting the maximum inversion and eversion of each child by 5°.
When ready, the tested ankle was passively moved to the target inversion and eversion angles and held
for 10 s. Then, the ankle was passively moved back to the starting position. For the passive test, the ankle
was moved again in the direction of inversion and eversion by the machine at 0.5 °/s and the children
were instructed to press the “Hold” button when they felt that they had reached the target angle. For the
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active test, children were instructed to reproduce the position and pressed the hold button when they felt
that they had reached the target angle. Ten trials at the target angle for the active and passive angle
reproduction test were recorded.

Statistical analysis

The ankle joint angle reproduction error was recorded in degrees for the target angle using the
absolute difference between the target and the reproduced angle. All data were analyzed using SPSS for
window, version 20.0. The sample size was calculated from the formula of single group mean; N =
(Zap)*xS?/d* [40] using the data from a previous study (Zy»= 1.96, S* = 5.69 d* = 2.56) [30]. Ten children
were required as the optimal sample size for this study. The Shapiro-Wilk test was used to test the data
distribution and all data were found to be distributed normally and suitable for parametric analysis. The
significance level was set at p < 0.05. Paired t-tests were used to compare the average of 3 and 10 trial
protocols at each angle for both the active and passive angle reproduction. Intraclass correlation
coefficients ICC5, were used to evaluate the agreement and correlation of error degree of ankle joint
reproduction angle between the 3- and 10-trial protocols. The percentage change of the error degree
between the target angle and the achieved position point was calculated for the arithmetic difference for
passive angle reproduction and active angle reproduction. The percentage change was calculated by
considering the cumulative mean and standard deviation of all children using the Equation: Percentage
change in SD = SD+1) - SD()*100/Cumulative Mean,.1). An appropriate number of trials was accepted
to be stable when the SD varied less than 5 % of the mean value for at least 3 consecutive trials [30].

Results and discussion

Demographic data of 10 children are shown in Table 1. Their averaged age, weight, height and BMI
were 11.21 + 0.57 years, 37.65 = 6.36 kg, 139.59 + 5.67 m and 18.21 + 2.79 m’/kg, respectively. The
percentage mean of the FAAM questionnaire presented impairment of the foot and ankle function that
corresponds to the International Ankle Consortium [41]. Seven and 3 children showed positive results for
ADT and TTT, respectively. Three children were revealed positive results for both ADT and TTT
assessment.

Table 1 Demographic data of 10 children with chronic ankle instability.

Variables Mean SD
Age (years) 11.21 0.57
Weight (kg) 37.65 6.36
Height (cm) 135.59 5.67
BMI (kg/m’) 18.21 2.79
ADL subscale 79.16 7.33
o,

FAAM (%) Sport subscale 74.38 7.63

Anterior Drawer Test Neg?t.we =3

Positive =7

. Negative = 7

Talar Tilt Test Positive = 3

Ankle joint reproduction assessments using active and passive protocols are needed to identify the
impairment of joint position sense in patients with CAI [6,8,39,42-44]. The present study found similar
results as those reported by South and George, which revealed a trend of decreasing magnitude of errors
in joint position sense using a 9-trial protocol in 35 adults aged between 19 to 36 years. However, the
study found no statistically significant difference among 9 trials (p = 0.225) [31]. The results of the
present study found no significant differences between the 3- and 10-trial protocols for the target angle (p
> 0.05) (Table 2), indicating that 3 trials were sufficient when testing joint position sense in children with
CAI The 3-trial protocol would be useful in avoiding fatigue and learning effects which have been
previously reported.

The present study showed agreements and high correlations when assessing errors in joint position
sense in all positions using both the 3- and 10- trial protocols in children with CAI (Table 3). This result
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was similar to the outcomes found in children Taeckwondo practitioners aged 7 - 12 years that found high
reliability of ankle reproduction in a position of plantarflexion [39] and agreement with Boyle and Negus
[42] who used 3 trials for assessing the joint reposition angle during active and passive inversion with
plantar flexion in adults with and without recurrent ankle sprains. Boyle and Negus also indicated the
learning effect between trials 1 and 2 (p < 0.001) and between trials 1 and 3 (p < 0.001) for an uninjured
group but showed no effect in the sprain group. This effect was further supported by the findings of Selfe
et al. [30], who showed that the knee joint position sense presented stabilized error after the 3™ trial.
Previous research reported the use of only once [43,45] and 2 trials [8,46] for testing ankle joint
reposition to eliminate the learning effect. Yogoyama et al. [45] tested the ankle joint position sense in
adults with functional ankle instability during dorsiflexion and plantarflexion with and without inversion
position and reported moderated to high reliability using 3 trials. Ankle joint reproduction of young
basketball players was measured in a position of plantarflexion during standing using the sensory
organization test and showed an intraclass coefficient using a 2-way mixed model of 0.84 [43] that was
similar to the outcomes of the present study which showed the ICC, of 0.82 to 0.91 (Table 3). Willems
et al. [8] presented no difference for the absolute error of joint position sense among 4 groups (no history
of injury at ankle joint, chronically unstable ankle joint, history of ankle sprain 2 years, and history of
ankle sprain 3 - 5 years) by using a 2 trial protocol. These studies were in correspondence with the study
of South and Geoge [31] that showed small changes in joint position sense for 3 trial protocols (p =
0.844). These results indicated no learning effect for joint position sense assessment using the 3-trial
protocol.

Table 2 Comparison of the degree of error for ankle inversion and eversion between the 3-and 10-trial
protocols.

Three measurements Ten measurements

Position Protocol Mean (SD) Mean (SD) t p-value®

Iversion Active 527 (2.12) 478 (1.42) 1.09 031
Passive 4.03 (1.82) 3.42 (1.09) 1.75 0.11

Eversion Active 5.73 (2.53) 5.66 (1.89) 0.15 0.89
Passive 4.43 (1.63) 4.37 (1.80) 0.20 0.84

* = Dependent t-test

Table 3 Correlation between 3 and 10 trials of measurements of ankle joint reproduction angles.

95 % Confidence interval

Position Protocol ICC p-value
Lower Upper
Inversion Actiye 0.19 0.91 0.82 0.009
Passive 0.31 0.95 0.82 0.006
Eversion Actiye 0.53 0.97 0.89 0.002
Passive 0.65 0.98 0.91 0.001

Results of the percentage changes showed that the standard deviations varied less than 5 % of the
mean values after the 4™ and 5™ trial of inversion and eversion, respectively. For the inversion angle, the
results showed that the standard deviations varied less than 5 % of the mean values after the 4™ trial of
active and passive inversion (Figures 1 and 2). The results indicated the optimal repetition at the 4™ trial
and after 4 repetitions, the results reached stability (Figures 1 and 2). For the eversion angle, the
percentage changes showed that the standard deviations varied less than 5 % of the mean values after the
5" trial of active and passive eversion angles (Figures 3 and 4). These outcomes indicated that the 5™
trial was the optimal measurement for joint position sense of ankle eversion. After the 5" trial, the results
showed stability which indicated no further change (Figures 3 and 4). These results were similar to the
outcomes of the studies of Stillman [29] and Selfe et al. [30] that presented stability of the data after 5
repetitions for active knee reposition. Thus, the present study confirmed that there is no learning effect in
ankle joint proprioception measurements for up to 4 trials in children with CAI, after which the data
reached stability.
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Figure 1 Percentage changes in means and standard deviations of active inversion.
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Figure 2 Percentage changes in means and standard deviations of passive inversion.
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Figure 3 Percentage changes in means and standard deviations of active eversion.
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Figure 4 Percentage changes in means and standard deviations of passive eversion.

Conclusions

The average outcomes from the 3- and 10-trial protocols showed good agreement. As a result, a 3-
trial protocol for testing ankle joint proprioception yields the same result as a 10-trial protocol, making it
suitable for the evaluation of children with CAI. Nonetheless, following the fourth and fifth trials for
inversion and eversion, the percentage changes in the means and standard deviations revealed a learning
impact of ankle joint proprioception measurement. Thus, for inversion and eversion, the tests should be
performed no more than 4 and 5 times, respectively, to avoid learning and tiredness difficulties in
children with CAI

Clinical implication

To prevent fatigue issues, this study revealed that a 3-trial protocol would be more appropriate than
a 10-trial protocol for testing of ankle joint position sense in children with CAI. Since the learning effect
was found after the 4™ trial for inversion and the 5™ trial for eversion, a 4-trial protocol and a 5-trial
protocol for ankle joint inversion and eversion tests should be used in clinical and research settings.
Further study is recommended to use the suggested protocols for evaluating the reliability of ankle joint
proprioception in children with CAI.
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