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ABSTRACT

Background: Proprioceptive deficiency followed by lateral ankle sprain leads to poor balance is not uncommon. It has
been linked with increased injury risk among young athletes. Introducing neuromuscular training programs for this
have been believed as one of the means of injury prevention. Hence, this study was aimed to determine the effects of
six weeks progressive neuromuscular training (PNM Training) on static balance gains among the young athletes with a
previous history of ankle sprains.

Methods: This study was an experimental study design, with pre and post test method to determine the effects of
PNM Training on static balance gains. All data were collected at university’s sports rehabilitation lab before and after
six weeks of intervention period. There were 20 male and female volunteer young athletes (20.9 + 0.85 years of age)
with a previous history of ankle sprain involving various sports were recruited from the University community. All the
subjects were participated in a six week PNM Training that included stability, strength and power training. Outcome
measures were collected by calculating the errors on balance error scoring system made by the athletes on static balance
before and after the six weeks of intervention period. Static balance was tested in firm and foam surfaces and recorded
accordingly.

Results: The researchers found a significant decrease (2.40 + 0.82) in total errors among the samples at the post test
compared with their pre test (P >0.05).

Conclusions: The study demonstrates that a PNM Training can improve the static balance on both the firm and foam
surfaces among the young athletes with a previous history of ankle sprains.
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INTRODUCTION

Ankle injuries are very frequent in younger and active in-
dividuals not only because of sporting activities but also
in recreational and leisure activities. Lateral ankle sprains
(LAS) are accounted for 85% of ankle injuries [1]. They
are especially common in sports requiring frequent jump-
ing, directional changes and pivoting such as basketball,
netball and volleyball [2]. The initial injury to the lateral
ligaments of the ankle may lead to mechanical instabili-
ty and however, associated injury to the muscles, tendons,
and ankle proprioceptors may also lead to functional in-
stability characterized by the neuromuscular dysfunction,
increasing susceptibility of the cause further injury to the
same ankle [3]. Thus, the history of previous injury to an-
kle is one of the risk factor, as there is an obvious augment
injury rate during the first six to 12 months after an an-
kle sprain [4]. Mechanical instability refers to measurable
laxity of the joint and the functional instability refers to
impaired proprioception, neuromuscular control, postural
sway and strength [5]. Even though both are linked [6]
they can exist independently each other [7]. The bony ar-
rangements, ligaments, musculatures and the propriocep-
tors around the ankle joint are responsible for the stability
of the ankle joint. These are serving into avoid dispropor-
tionate inversion and eversion movements of the foot that
result in injury, but they do not put off ankle injuries from
being the most common injury in sports [8]. The responsi-
bility of the muscle and its quick proprioceptive responses
to extreme foot movements has not been well recognized,
particularly in young athletes [2]. Therefore, there has been
a drive toward identifying mechanisms of preventing many
of these injuries, with one focus being the incorporation
of neuromuscular training programs. Neuromuscular
training aims to improve neuromuscular control, thus in-
creasing functional joint stability [9] and balance, which
may have a protective effect against injury. These training
programs typically incorporate strengthening, stretching,
plyometric, and balance components [10]. The inclusion of
neuromuscular training is thought to develop the co-acti-
vation of the muscles surrounding joints, increasing joint
stiffness and active joint stability [11].

The ability to maintain the body’s centre of gravity with-
in its base of support is known as balance. Balance can be
considered as either static or dynamic balance. The ability
to sustain the body in static equilibrium or within its base
of support is defined as static balance [12]. Poor balance
linked with increased risk of ankle injuries among both
male adult [13, 14, 15] and male and female young athletes
[16].

In 2004 Paterno et al, [17], found improvements in sin-
gle-limb total stability and anteroposterior stability in
female high school athletes after a 6-week neuromus-
cular-training program. In addition, improvements in
strength, vertical-jump height, mediolateral stability, and
maximal bench press, hang clean, and parallel squats were
found in female athletes who participated in either a bal-
ance-based or plyometrics-based training program [18]. It

has been hypothesized that musculoskeletal growth during
adolescence without equal neuromuscular development
may result in neuromuscular imbalances that make the
individual more susceptible to injury [19]. There is some
indication that it is most advantageous to begin neuromus-
cular training during adolescence to train the body during
a time of rapid musculoskeletal growth and decreased
balance and coordination that occurs as a result of that
growth [20]. Therefore, the initiation of these programs in
interscholastic athletic programs would be warranted [21].
Thus, the purpose of the studty was to determine the effects
of six weeks progressive neuromuscular training (PNM
Training) on static balance gains among the young athletes
with a previous history of ankle sprains.

MATERIALS AND METHODS
Subjects

The subjects for this study were recruited from the Univer-
sity community with the age range from 20-22 years. Twen-
ty athletes who graduated recently from the high school
and registered in University Pendidikan Sultan Idris as a
student were selected as samples by purposive sampling
technique. Both male and female athletes were participated
as volunteer subject for this study. Samples were selected
based on the following criteria: must participated in any
organized non-contact sports in school level, currently ac-
tive in any competitive non-contact sports, and with the
previous history of unilateral lateral ankle sprains within
six months during the study period. The subjects were ex-
cluded if they have any other lower limb injury with in past
one year, bilateral lateral ankle sprains and with the history
of head injury or concussion. The injury assessment was
conducted and confirmed by the Physiotherapist who was
appointed to assess the injury profile before and after the
intervention programme. Before participation, each sub-
ject was asked to read and sign an informed consent form.
The aim of the study was explained to every subject. This
study was approved by the institutional review board and
received University Research Grant.

Instrumentation

The static balances of the subjects were assessed by using
balance error scoring system (BESS) which has excellent
interrater reliability (ICC = 0.78-0.96). [22]. The BESS test
consists of six separate 20-second balance tests that the
subject performed in different stances and on different
surfaces. Before administrated the BESS test, the following
materials were prepared and collected: foam pad (Power
Systems Airex Balance Pad 81000), stop watch, spotter,
BESS Testing Protocol, BESS Score Card. Before testing,
the samples were instructed to remove shoes and any ankle
taping if any. Wearing stockings were allowed if desired.
The test consists of three stance conditions; double-leg,
single-leg, and tandem stance on firm and foam surfaces
individually. The subjects were instructed by the assessor
about how to perform the BESS. The subjects were needed
to stand by closing their eyes on three different stances for
20 seconds on two different surfaces separately. Each of the
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20-second trials was scored by counting the errors, or devi-
ations from the proper stance, accumulated by the subject.
The assessor started counting errors only after the subject
had assumed the proper testing position. An error was
credited to the subject when any of the following occur:
moving the hands off of the iliac crests, opening the eyes,
step stumble or fall, abduction or flexion of the hip beyond
30°, lifting the forefoot or heel off of the testing surface, re-
maining out of the proper testing position for greater than
5 seconds. The maximum total number of errors for any
single condition was 10 [23]. If a subject committed mul-
tiple errors simultaneously, only one error was recorded.
Subjects were allowed to practice the testing protocols for
two times to familiarize with the testing protocols. Then
the assessor performed the test trails for the subjects. The
sum of the errors made by the subjects was recorded as
Pre-test score.

Then the subjects were instructed to follow the PNM Train-
ing for of three sessions per week for six weeks. During each
session subjects were begun with a 10-minute warm-up
consisting of jogging, side shuffles, cariocas, and stretches.
Subjects then performed the PNM Training protocol. This
PNM Training was based on the optimum performance
training model which consists of stabilization, strength
and power in three levels. Exercises were progressed from
simplistic nature to increasingly complex nature. They fin-
ished with of cool down stretches. After six weeks of PNM
Training the assessor performed the test trails again for the
post test score.

Statistical analysis

Data analysis was performed by SPSS (version 20) for win-
dows. Descriptive statistics including the mean and stan-
dard deviation was used to describe the general characters
of the subject and outcomes variable. Paired t-test was used
to measure the significant differences between the pre and
post test scores. The P value < 0.05 was taken as significant.

RESULTS

Totally 13 male and 7 female subjects were participated in
this study. The mean age of the subjects was 20.9 (+ 0.85)
years, the mean height of the subjects was 163.35 (+ 8.69)
centimetres and the mean weight of the subjects were 62.16
(+ 1.51) kilograms. The results of statistical analysis of this
study are shown in the table 1.

Table 1: Comparing mean value for the pre-test and post-
test scores for BESS

Variable Pre -test Post-test
¢ Sig.
Mean SD Mean | SD (2-tailed)
BESS 8.40 +1.27 6.00 1.16 | 13.07 .00

SD: Standard Deviation; Sig: Significance

There was a significant difference between pre-test errors
(8.40 + 1.27) and post-test errors (6.00 £ 1.16) made by the
subjects on BESS as P >0.05.

Figure 1: Mean errors Comparison

10.00

DISCUSSIONS

The purpose of this study was to determine the effects
of six weeks progressive neuromuscular training (PNM
Training) on static balance gains among the young ath-
letes with a previous history of ankle sprains. The primary
finding of our study demonstrated that the improvement
in the static balance by reduction in the errors made by
the young athletes who had the previous history of ankle
sprain. This was supported by studies carried out by Hoff-
man and Payne (1995), Hrysomallis (2007) and Mchugh et
al. (2007) on different populations [24, 25, and 26]. These
authors mentioned that the balance improvement protects
athletes from for the forthcoming injuries. Since the pro-
prioception is a neurological process, which is important
to maintain the body in upright position that is in bal-
anced position. Thus, the introductions of proprioceptive
exercises are imperative to improve balance by training the
proprioceptive pathways under various competitive sit-
uations. While performing these types of proprioceptive
neuromuscular training, the proprioceptors, the mechano-
receptors within the muscles, tendons are activated faster
and effective manner [27] and reduction in time between
the neural stimuli and muscular response [28]. Further-
more the results of the current study also show the same
effect by reducing the number errors consequently im-
proving static balances on different surfaces.

According to Hewett, Paterno, Myer (2002) the muscu-
loskeletal growth during adolescence without equal neu-
romuscular development may result in neuromuscular
imbalances that make the individual more susceptible to
injury [19]. Hence the adolescent and young athletes who
had the previous history of lateral ankle sprain they might
develop unequal neuromuscular development and so im-
paired proprioception which leads to impaired balance
and ultimately more susceptible to reinjure the ankle again.
There is some indication that it is most advantageous to
begin neuromuscular training during adolescence to train
the body during a time of rapid musculoskeletal growth
and decreased balance and coordination that occurs as a
result of that growth [20]. Thus, the results of this study
explains the value of the neuromuscular training on ado-
lescent and young athletes especially the athletes with the
history of previous injury.
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CONCLUSION

Though the current study has many limitation including
the small sample size and so on, the findings of the study
also indicates that the early initiation of the proprioceptive
neuromuscular training could improve the balance and
consequently protect the young athletes from possible re-
injury. Thus, we are recommending the early initiation of
the proprioceptive neuromuscular training especilly from
the school level could be more benificial to have proper
neuromuscular system development and to prevent the
possibility of reinjury among the adolescent and young
athletes.
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