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Abstract

Introduction: Ankle sprains are the most common sports injury. Injury to ankle joint causes local as well as distant
defects in the central nervous system. The interventions that modulate defects centrally, as well as peripherally, can be
of great significance in treating the condition. The present study aims to estimate the effects of transcranial direct current
stimulation on pain, range of motion, and balance in players with ankle sprain.

Material and methods: The present study was a randomized, controlled participant blinded trial. Twenty players
aged between 16 to 30 years with a history of ankle sprain were recruited and were assigned in two groups. Group A rece-
ived active transcranial direct current stimulation (tDCS) and Group B received sham stimulation of 2mA for 20 min for
five consecutive days. The outcome variables were pain (VAS), range of motion at the ankle joint, and balance measured
by the Y-balance test measured at the baseline and post-intervention.

Results: There was a significant reduction in pain (p = 0.039) and significant improvement in range of motion in dor-
siflexion (p = 0.043) and plantarflexion (p = 0.019) at the ankle joint when between-group comparisons were done. Whe-
reas, no significant improvement in balance (p = 0.502) was observed when between-group comparisons were done.

Conclusions: The application of tDCS is effective in decreasing pain and improving range of motion, but ineffective
for improving balance in players with ankle sprains. To improve the balance, foot exercises can also be added along with
the tDCS to improve the treatment outcomes in players with ankle sprains.
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Introduction 30% of active people and sportsmen [2]. Sprain at the
lateral ligament complex has a very high recurrence

Of all sports injuries, ankle sprain is the most com-  rate, which leads to development of long-term symp-
mon, and one that provides billions of dollars annual-  toms and instability [3,4]. About 40% of patients report
ly to the US healthcare system [1]. Of these, the most  chronic ankle instability, characterized by repetitive bo-
common type is lateral ankle sprain, affecting around  uts of the ankle “giving way”, recurring sprains or the
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feeling of an unstable ankle joint following the initial
sprain [5,6].

This injury has been associated with reduced exci-
tability of the cortex, which can influence the functio-
nal ability of the patient. Individuals with chronic ankle
sprain demonstrate lower cortical excitability of the fibu-
laris longus compared to those without ankle injury [7].
In addition, patients with chronic ankle instability have
demonstrated decreased spinal reflex excitability in the
soleus and fibularis [8], as well as decreased muscle ac-
tivation and increased antagonistic muscle activity [9].
Younger adults with chronic ankle instability have also
displayed lower excitability of the primary motor cortex
[8,10]. Thus, it is well established that the cortex plays
an important role in chronic ankle instability.

Although the spinal and supraspinal elements play
vital roles in the regulation of sensation and balance in
patients with ankle sprain [11], the conventional appro-
ach to treating ankle sprain often ignore its important
sensorimotor component, and focuses primarily on
the peripheral neuromuscular function. As the cortical
changes observed in chronic ankle sprain derive from
the long-term effect of the injury, no study has so far
explored the changes taking place in the cortices of pa-
tients with acute ankle sprain. The use of transcranial
direct current stimulation (tDCS) has gained significant
interest among researchers exploring its neuro modula-
tory effect in various musculoskeletal conditions.

Anodal tDCS treatment has been found offer greater
hip range of motion and lowered pain perception com-
pared to dorsolateral prefrontal cortex (DLPFC) in nor-
mal healthy subjects [12], while cathodal stimulation
over the area has yielded greater increases in range of
motion at the ankle joint [13]. A combination of anodal
tDCS with eccentric exercises also showed improved
cortical excitability, dynamic balance and muscle acti-
vation in patients of chronic ankle instability compa-
red to a sham group [14] These findings suggest that in
the long term, ankle joint injury not only leads to local
defects, but also distant defects in the central nervous
system.

Current rehabilitation approaches appear to be in-
efficient and inadequate for the improvement of ankle
sprains. Therefore, new treatment interventions that can
modulate pain and improve the range of motion can be
of great significance in improving the physical function
in sportspersons with ankle sprain. Previous studies ha-
ve only focused on exploring the effect of tDCS in pa-
tients with chronic ankle sprain and instability, and only
a few have explored the effect of tDCS in patients with
acute ankle sprain. Therefore, the aim of the present
study was to estimate the effect of Transcranial Direct
Current Stimulation (tDCS) on pain, ROM and balance
in sportspersons with acute ankle sprain.

Material and methods

The present study was performed as a randomized,
controlled participant blinded trial. The ethical appro-
vals for the study was obtained by the Institutional ethi-
cal committee vide letter number PTY/2021/42 dated
05/03/2021, Department of Physiotherapy, Guru Jam-
bheshwar University of Science and Technology, Hisar,
Haryana. The study was performed in accordance with
the Declaration of Helsinki, 2013. The present study
was also registered in Clinical Trial Registry of India
vide number CTRI/2021/07/035218. Written informed
consent was obtained prior to the participation in the
study. The sample size for the present study was esti-
mated based upon the findings of two previous studies
[10,14].

Participants

Sporting persons with a history of ankle sprains with
duration less than two months were screened for parti-
cipation in the study using convenience sampling. The
inclusion criteria for the study comprised sportspersons
with history of ankle sprain in the last two months, no
orthopaedic deformity, ability to read and write in Hin-
di and English, and a willingness to participate. The
exclusion criteria for the study comprised ankle sprain
of more than two months duration, a history of epilepsy,
recent fractures, any arthritic condition or deformity of
the lower extremities.

The study group comprised eight athletes, two fen-
cers, four footballers and six wrestlers. The mean age was
21.25£4.73 years; mean height 166.25 + 8.99 cm; mean
weight 61.40 + 9.41 kg; mean BMI 22.16 + 2.67 kg/m>.
After allocation to subgroups, the mean duration of inju-
ry was 18.40 £ 5.87 days in Group A and 24.00 + 11.33
days in Group B. The demographic characteristics of
the study participants are given in Table 1.

Procedure

The sportspersons at various sports schools in the
city of Hisar and its surrounding areas in Haryana sta-
te, India were approached. Twenty-eight reported a hi-
story of ankle sprain and were screened for participa-
tion in the study. Out of these, eight participants were
excluded: four participants had history of ankle sprain
for a duration more than four months, two participants
declined to participate, one participant had a history of
epilepsy so was contraindicated for the use of tDCS
and one discontinued participation because of positive
COVID report. The final group included in the study
therefore comprised 20 participants (males = 14, fema-
les = 6).

The selected participants were then randomly allo-
cated to two groups, Group A and Group B, by a lottery
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Tab. 1. Demographic characteristics of the study participants

Group N Mean and SD t-value
p-value
Group-A 10 19.70 + 3.06
Age 1.513 0.148
Group-B 10 22.80 +£5.71
. Group-A 10 165.70 £9.27
Height (cm) 0.267 0.793
Group-B 10 166.80 +9.16
. Group-A 10 60.70 £ 6.90
Weight (Kg) 0.325 0.749
Group-B 10 62.10+ 11.76
Group-A 10 22.18 £2.63
BMI 0.041 0.968
Group-B 10 2213 £2.85
) ) Group-A 10 18.40 £ 5.87
Injury duration 1.387 0.182
Group-B 10 24.00 + 11.33
Group-A 10 86.80 £ 6.63
Leg length (cm) 0.410 0.686
Group-B 10 88.00 + 6.45

method performed by a person independent from the
study. The participants in Group A received active tDCS
and the participants in Group B received sham tDCS for
five consecutive days. The outcome variables were me-
asured at baseline and on day 5 of stimulation.

Transcranial Direct Current Stimulation (tDCS)
was applied through Medicaid equipment (Serial No
TD 216209, India).The participants were placed in
a seated position. The left dorsolateral pre frontal cor-
tex (DLPFC) and C, areas were identified as per In-
ternational 10-20 system EEG, and were marked with
a marker. A pair of circular sponge electrodes soaked in
normal saline were applied to the identified areas. The
anode was placed on the left DLPFC and the cathode on
C,. They were secured with straps and a current intensi-
ty of 2mA was given for 20 minutes once daily for five
consecutive days [12]. For sham stimulation, the same
electrode placement was used, the apparatus was turned
on for 10 seconds and then turned off; the procedure
was repeated after 24 hours for five consecutive days.
The participants were frequently asked for any unple-
asant sensation during the treatment sessions. The flow
chart of the study is presented in Figure 1.

Outcome variables

The outcome variables for the study were pain, ran-
ge of motion and balance. Pain at the ankle joint was as-
sessed by the participants from 1 to 10 on a Visual Ana-
logue Scale (VAS)during walking. The range of motion
was assessed by an Electrogoniometer. The participants
were placed in a lying position with knees flexed to 30
degrees by placing a pillow under the knees. The ful-
crum of the goniometer was kept at the lateral malleoli,

the fixed arm at the midline of the fibula, and the mo-
ving arm was kept along the lateral border of the foot
by the therapist. The participants were asked to move
the ankle joint in dorsiflexion and plantarflexion, and
the passive range of motion was noted. The readings
were taken three times by two independent investiga-
tors, and the mean readings were noted.

The Dynamic balance was assessed by the Y-Balance
test which is based on the “Star Excursion Balance
Test”. For the Y-balance test, a large “Y”” with easily-di-
stinguishable red cello tape was made on the floor. Each
side of the “Y”” was 2 m long, the angles on the sides of
the “Y” were 135 degrees each, and the middle angle
between the arms was 90 degrees. The participant stood
on the testing foot, placed at the centre of the “Y”, fa-
cing the anterior side of the “Y”, with the other foot fle-
xed. Both hands were placed on the sides of the pelvis,
with the thumb projected posteriorly. The participants
were then instructed to reach as far as possible along
each side of the “Y” with the flexed foot. Three valid
measurements in each direction were recorded. The fi-
nal Y-Balance score was calculated by the formula:

(Anterior + Posterolateral + Posterolateral) % 100

3 x True leg length

Statistical analysis

The data was presented as mean and standard de-
viation. The data was analysed using SPSS (version
21.0). The data was found to be normally distributed,
according to the Shapiro-Wilk test. The unrelated t-test
was used to estimate the between-group differences of
each outcome variable, and the related t-test to estimate
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[ Enrollment ]

Assessed for eligibility (n=28)

Excluded (n=8)
= Not meeting inclusion criteria
(n=4)
= Declined to participate (n=2)
= Contraindicated to tDCS (n=1)
= Other reasons-discontinued the

Randomized (n= 20)

participation (n=1)

!

I [

Allocation ]

Allocated to intervention - Active tDCS (n=10)
+ Received allocated intervention (n=10)
+ Did not receive allocated intervention (n=0)

\ 4

Allocated to intervention - Sham tDCS (n=10)
+ Received allocated intervention (n=10)
+ Did not receive allocated intervention (n=0)

[ Intervention ]

h 4

Group A - Active tDCS (n=10)
2 mA for 20 minutes for 5 consecutive days

A 4

Group B - Sham tDCS (n=10)
20 minutes for 5 consecutive days

[ Analysis ]

Analysed (n=10)
+ Excluded from analysis (n=0)

Fig. 1. Flow chart of the study

the within-group differences. To analyse the changes in
pain over the course of treatment, the Mann-Whitney
U-test was used for between-group comparisons and
the Wilcoxon signed rank test for within-group compa-
risons. The significance level was set at p < 0.05.

Results

No significant differences in age, height, weight,
injury duration and in leg length were found between
the treated and sham groups. The group was characteri-
zed by a slight dominance of male participants (n = 14)
compared to females (n = 6). Eight participants were
athletes, two were fencers, four were footballers and six
were wrestlers. More participants had suffered lateral
ankle sprain (n = 17) than medial ankle sprain (n = 3).

A significant reduction in pain (p = 0.039) was ob-
served between groups after the application of tDCS for
five consecutive sessions. In addition, for both groups,

Analysed (n=10)
+ Excluded from analysis (n=0)

the within-group comparisons for pain identified a sta-
tistically significant reduction over the course of treat-
ment. The between-group comparisons of the outcome
variable pain are given in Table 2.

A significant improvement in range of motion for
dorsiflexion (p = 0.043) and plantar flexion (p = 0.019)
was revealed in Group A by the between-group com-
parisons. However, no significant between-group diffe-
rences were observed for the balance, assessed by the Y
— balance test (p = 0.502). The within-group compari-
sons revealed a significant improvement over the cour-
se of treatment in balance, dorsiflexion range of motion
(p = 0.014) and Y-Balance score (p = 0.048) in group
A. The between-group comparisons of range of motion
and balance are given in Table 3.

The within-group comparison showed a significant
improvement in dorsiflexion range of motion in group
B; however, no other significant within-group differen-
ces were observed for any of the outcome variables in
this group.
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Tab. 2. Between group comparisons of the Pain (VAS)

Group-1 Group-II Mann Effect
- - - - - - . p-value .
N Median Quartile-I Quartile-IlI N Median Quartile—I Quartile—III  Whitney U (2) s1ze
VAS 10 3.00 2.00 3.00 10 3.00 2.00 3.00 0.119 0.906
(Pre)
0.653
VAS
10 1.00 1.00 2.00 10 2.00 2.00 3.00 2.064 0.039*
(Post)

VAS = visual analog scale, *significant at p < 0.05.

Tab. 3. Between group comparisons of range of motion (ROM) and balance (Y-Balance score)

Group N Mean and SD t-value p-value Effect size
o Group-A 10 21.10 £5.11
Dorsiflexion ROM Pre 0.716 0.483
Group-B 10 19.50 £ 4.88
0.973
. Group-A 10 25.80 £4.39
Dorsiflexion ROM Post 2.175 0.043*
Group-B 10 21.70 £4.03
. Group-A 10 37.40 £ 5.06
Plantarflexion ROM Pre 1.232 0.234
Group-B 10 41.30 + 8.64 1151
) Group-A 10 36.50 + 3.50 '
Plantarflexion ROM Post 2.575 0.019*
Group-B 10 43.10+7.31
Group-A 10 69.35+6.04
Y-balance score Pre 0.637 0.532
Group-B 10 7133 +£7.76 0.306
Group-A 10 74.50 + 6.94 '
Y-balance score Post 0.684 0.502
Group-B 10 72.55+£5.74

ROM = range of motion,* significant at p < 0.05.

Discussion

The aim of the study was to estimate the effect of
tDCS on pain, range of motion and balance in sport-
spersons with ankle sprain. Our findings indicate that
the application of tDCS was associated with a signi-
ficant reduction in pain and improvement in range of
motion at the ankle joint. However, no significant im-
provement in balance was observed.

A significant reduction in pain was noted in the
experimental group. This may be attributed to the pa-
in-modulating effect of the tDCS, which has also been
reported in various musculoskeletal conditions such as
chronic low back pain, fibromyalgia and knee osteoar-
thritis [15—17]. It is possible that in these patients, the
mechanism of pain modulation can act through the sup-
pression of the nociceptive inputs from the injured an-
kle joint by the stimulation of the motor cortex, which

inhibits the repetitive firing of neurons and induces
a neuroplastic effect in the brain. A similar pain mo-
dulating mechanism was also noted in a study on the
stimulation of motor cortex that showed suppression
of nociceptive neurons and inhibition of burst firing of
neurons in the damaged areas of thalamus, with a neu-
roplastic effect being induced in the thalamus [18]. It
has also been suggested that the upregulation of the
excitability motor cortex modulates pain perception by
acting directly, and indirectly, on pain modulating areas
such as thalamic nuclei and cingulated gyrus [19].

The significant improvement observed in pain per-
ception and range of motion can also be attributed to
the use of the typical montage, i.e. the anode at DLPFC
and cathode at C, for five consecutive sessions used
in the study, as the effect of tDCS is known to be de-
pendent on the placement of electrodes, areas of stimu-
lation, intensity, frequency and duration of application
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of stimulation [20]. A similar placement of electrodes
previously yielded a significant reduction in pain per-
ception and an improvement in range of motion in he-
althy normal subjects [12]. Various studies applying
tDCS for five consecutive sessions have also shown
significant reduction in pain in conditions such as stro-
ke, fibromyalgia and knee osteoarthritis [15-17]. The
significant improvement observed in range of motion
can be attributed to the decrease in the pain that might
have limited it. Indeed, the application of anodal tDCS
on DLPFC was previously found to result in increased
range of motion and decreased pain perception at the
hip joint in normal subjects [12]. Another study also no-
ted significant improvement in ankle range of motion
following the application of tDCS in normal healthy
subjects [21].

No significant improvement in dynamic balance
was observed following tDCS treatment. This may
have been due to the study protocol lacking exercises
intended to improve balance and proprioception, thus
resulting in no apparent improvement in balance in
these patients. However, studies using the combined
application of tDCS with foot exercises have shown
significant improvements in dynamic balance among
patients with chronic ankle instability [10]. In addition,
the combination of tDCS with eccentric exercises has
shown improvement in cortical excitability and functio-
nal performance in patients with chronic ankle instabi-
lity [14]. It has been also suggested that the application
of tDCS during the ankle motor learning task resulted
in an increase in ankle motor learning skill in healthy
subjects [22]. A decrease in motor neuron recruitment
and neural drive occurring after ligamentous injury is
associated with a decrease in cortical inhibition, which
subsequently causes muscle weakness; however, the
deficit can be replenished more quickly with the appli-
cation of eccentric training, [23,24]. Furthermore, as
the present study only explores the effect of tDCS, it
did not include any exercises for treating ankle sprain;
this could be one of the reasons that no improvement
in balance performance was observed in sportspersons
with ankle sprain.

Although few studies have examined the role of
tDCS in acute ankle sprain patients, the existing lite-
rature suggests that tDCS can be combined well with
foot exercises to improve balance and proprioception in
patients with ankle sprain. Therefore, foot exercises and
eccentric training can be combined with tDCS to allow
proper rehabilitation of ankle sprain.

Our findings also found lateral ankle sprain to pre-
dominate among the tested sportspersons, especially
on the right ankle. It has been noted that 70% of in-
dividuals experiencing lateral ankle sprain or ligament
ankle injury demonstrate persistent instability, with the

symptoms remaining persistent for long time, incre-
asing the financial cost of treatment [25,26]. Therefo-
re, there is a need for more efficient and cost-effective
treatment for managing ankle sprain. tDCS is easy to
apply and cost effective, and hence represents potential
intervention for reducing pain and improving the range
of motion in sportspersons with ankle sprain.

The strength of our study is that this is the first to de-
termine the effect of tDCS on pain, range of motion and
balance in sportspersons with acute ankle sprain. Its li-
mitations are that it was conducted on a small sample
size and did not control for extraneous factors such as
nutrition, hydration, previous activity level, lower bo-
dy strength. Further studies on larger sample sizes and
the combined use of tDCS with foot exercises focusing
on improving proprioception and balance are needed to
further explore the effectiveness of tDCS in managing
ankle sprain.

Conclusion

The application of Transcranial Direct Current Sti-
mulation (tDCS) is an effective approach for decreasing
pain and improving range of motion but is not effective
for improving balance in sportspersons with ankle spra-
in. Therefore, exercises that help in improving the ba-
lance and proprioception can be incorporated along with
tDCS for reducing the symptoms and enhancing the per-
formance of sportspersons suffering from ankle sprain.
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