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ABSTRACT
Objective: Decreased proprioception in Obstetric Brachial Plexus Injury (OBPI) reduces the quality of functional
movement. Hence, the aim of our study was to evaluate the effects of exercise training with additional proprioceptive
equipments on the functional status and proprioceptive sense in children with OBPI.
Methods: Forty children with OBPI were randomly divided into two groups. Passive, active and active-assisted range
of motion and stretching exercises were included in home-based program (HP) group while additional exercises with
proprioceptive equipments were also added in the proprioceptive training (PT) group. After 6 weeks, proprioceptive
perception and functional level were compared to pre-treatment results.
Results: Proprioceptive perception at the beginning and at the end of the movement increased in both groups (p<0,05).
The Active Movement Scale (AMS) scores increased significantly only in some movements in both groups (p<0,05).
AMS scores of shoulder abduction and external rotation in PT group were better than HP group (p<0,05).
Conclusion: Home exercise program and proprioceptive exercise training both improve proprioceptive sense and
functional status in children with OBPI. The proprioceptive exercise training seems to be more beneficial in improving
functional movements of shoulder.
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INTRODUCTION
Obstetric Brachial Plexus Injury (OBPI) develops
due to traction of the Brachial Plexus (BP) during
birth with variable severity [1]. Recovery can
occur within a few months or may continue until
the pre-school period depending on the type and
severity of the nerve injury. However, with the
delay in nerve regeneration the recovery level
decreases and hence, results in muscle
imbalance [2]. Muscle imbalance resulting in
instabilities may cause contractures and
deformities over time [3].
Proprioception is the ability to sense the position
of body parts relative to each other and hence it
controls joint movements. Proprioceptive
sensation is a highly complex process including
various
systems
from
peripheral
mechanoreceptors to central nervous system and
incorporates with vestibular and visual systems.
OBPI, because of the motor and sensory
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involvements,
may
impair
proprioceptive
mechanisms [4]. As presented in our previous
study, proprioceptive perception impairment
reduces the functional capacity of the affected
extremity [5].
Functional capacity of a body part improves with
enhanced proprioceptive input. Therefore,
proprioceptive training is thought to improve
functional capacity by providing appropriate
movement sense. However, despite the
numerous studies on different surgical
procedures affecting the functional outcomes,
studies about the effects of proprioceptive
training on functional status are very poor.
Therefore, the aim of the study is to evaluate the
effects of proprioceptive training on functional
status in children with OBPI.
METHODS
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This study was performed with patients referred
to Hacettepe University Department of
Physiotherapy
and
Rehabilitation
for
physiotherapy from a surgeon (G.L.) in
Orthopaedics and Traumatology Department.
The patients and their parents were invited
according to inclusion and exclusion criteria to
participate in the study at their first visit. The study
design was approved ethically by the ethics
committee and the informed consents of the
parents were obtained.
Forty children with injuries of upper and/or middle
trunks participated in the study. The inclusion
criteria were being 7-12 years, involvement of
upper and/or middle trunks (C5, C6, C7) and
being able to participate in both assessments and
exercise program. The children that received any
previous physiotherapy program were excluded.
The children were divided into two groups; a
home program (HP) group (n:20) and
proprioceptive training added to home program
group (PT) (n:20).
Exercise program included passive, activeassisted and active range of motion (ROM)
exercises of shoulder, elbow and wrist joints and
stretching exercises for the shoulder internal
rotators, elbow flexors, and forearm pronators.
The exercises were taught by an experienced
physiotherapist to the parents and/or caregivers
and they were instructed to perform the exercises
three times a day. All the range of motion
exercises were repeated 15 times within the
possible full range and the stretching exercises
were repeated 10 times with 30 seconds hold in
each session. Home exercise program was
performed similarly in both groups at home for 6
weeks while proprioceptive training was added in
the PT group. The proprioceptive exercises are
listed below however, minor modifications were
possible according to the patient’s tolerance.
Proprioceptive exercises were instructed strictly
to be performed in front of a mirror.
- Shoulder flexion, abduction, internal and
external rotation with weights in a station workout
form
- Shoulder flexion, abduction, internal and
external rotation with the appropriate resistive
band
- Bilateral shoulder elevation with the help of a
stick
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- Bilateral shoulder flexion and abduction with the
help of a stick
- Shoulder elevation with an exercise ball in front
of the mirror
- Throwing a ball while shoulder abduction,
internal and external rotation are corrected
manually by the supervisor
- Weight transferring bilaterally on the hands in
the sitting position on an exercise ball
- Weight transferring bilaterally on the hands on a
proprioception ball at various angles of shoulder
flexion and abduction on the wall
Assessment Tools
The functional status and range of motion in the
involved upper extremity joints were evaluated
using the Active Movement Scale (AMS). AMS
evaluates range of joint motion and is used
instead of muscle strength tests that are not
suitable for children [6].
Proprioceptive assessments were performed by
Prosport 1000 PMS (Tumer Engineering
Collective Company, Ankara). The device tests
the sense of passive movement and passive
repositioning in the shoulder and knee joints. The
device was shown to be valid and reliable in the
healthy adults in a previous study [7].
Proprioceptive testing was performed according
to the protocols that had been used in our
previous study [5]. The passive angular
movement speed was determined as 2 º/s [8].
The target angle of measurement was
determined as 10-30-90% of the shoulder
passive abduction angle [4, 8, 9]. The target
angle in proprioception testing was determined as
10%, 30% and 90% of passive shoulder
abduction for each patient.
Proprioceptive results were taken as a '-' value
when the patient gets close to the target angle,
and a '+' value when the patient passes the target
angle. It was not important for values to be '-' or
'+' as the absolute values were used in the
analysis. A decrease in absolute values and
getting close to '0' showed approximating to the
target angle. All assessments were performed at
the beginning and at the end of the 6-week
exercise program.
Statistical Analysis
Statistical evaluations were performed with the
SPSS 15.0 for Windows program. Statistical
significance was considered as p<0.05.
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Mean±standard deviation values were provided
as descriptive statistics for data with normal
distribution and "median (minimum-maximum)
values for data without normal distribution. The
Mann-Whitney U test was used for betweengroup comparisons and the Wilcoxon test was
used to compare intra-group values before and
after the treatment. Fisher’s Exact test was used
for between-group comparisons of gender
distribution. Mean±standard deviation values
were provided as additional information in
addition to median (minimum- maximum) values
for the Mann-Whitney U and Wilcoxon tests.
RESULTS
The female/male ratio of patients according to
randomization method was 9 (45%)/11 (55%) and
8 (40%)/12 (60%) in the HP and PT groups,
respectively. Gender distribution of two groups
was similar (p> 0.05). The mean age was 9.50 ±

1.87 for the HP and 9.10 ± 1.80 for the PT group
and were also similar in two groups (p=0.323).
Comparison of pre- and post-treatment results
within groups showed a decrease in target angle
of 10% in PT group and 10% and 90% in HP
group (<0.05) (Table 1). Comparison between
groups showed no difference in terms of pre- and
post-treatment proprioceptive changes (p>0.05)
(Table 2).
AMS scores of the joints were found to increase
after treatment compared to pre-treatment scores
in both groups. This increase was found to be
significant in shoulder flexion, abduction, external
rotation and elbow flexion in HP group (Figure 1)
and shoulder flexion, abduction, internal rotation,
external rotation and elbow flexion in PT (p<0.05)
(Figure 2). When AMS scores of two groups were
compared, shoulder abduction and flexion scores
were better in PT group (p<0,05) (Table 3).

Table 1. Comparison of pre-treatment and post-treatment proprioceptive test results within groups. (HP:
home program; PT: proprioceptive training)
Groups

Target Angle

Posttreatment
values
1.25
3.3
9.8

P

%10
%30
%90

Pretreatment
values
1.6
4.8
12.3

PT

HP

%10
%30
%90

1.25
3.7
8.45

0.9
2.3
5.7

0.008
0.074
0.008

0.035
0.155
0.152

Table 2. Comparison of pre-treatment and post-treatment proprioceptive test results between groups (HP:
home program; PT: proprioceptive training).
Target Angle
Pre-treatment

Post-treatment

%10
%30
%90
%10
%30
%90

HP (n=20)
X±SS
1.6 ± 1.14
4.8 ± 4.74
12.3 ± 13.4
1.25 ± 1.06
3.3 ± 3.4
9.8 ±10.4

PT (n=20)
X±SS
1.25 ± 1.11
3.7 ± 3.84
8.45 ± 5.93
0.9 ± 1.07
2.3 ± 2.4
5.7 ± 5.79

p٭
0.33
0.37
0.88
0.24
0.28
0.13

٭Mann Whitney-U Test
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Table 3. Comparison of pre-treatment and post-treatment Active Movement Scale (AMS) scores between
groups.
AMS subparameters
HPG (n=20)
PTG (n=20)
p٭
X±SS
X±SS
Pre-treatment
Shoulder flexion
5.35 ± 1.22
4.65±1.30
0.091
Shoulder abduction
5.35±1.22
4.65±1.30
0.091
Shoulder int.rotation
2.55±1.05
2.40±1.35
0.403
Shoulder ext.rotation
4.5±1.27
4.05±1.90
0.577
Elbow flexion
5.95±0.82
6.15±1.67
0.476
Elbow extension
6.0±1.16
5.90±1.16
0.819
Wrist flexion
6.15±0.87
6.00±1.17
0.920
Wrist extension
5.8±1.39
5.7±1.45
1.000
Forearm pronation
6.0±0.97
5.41±0.76
0.698
Forearm supination
5.5±1.23
4.95±1.35
0.144
Post-treatment Shoulder flexion
5.80 ±1.32
4.90±1.41
0.032
Shoulder abduction
6.0 ±1.22
5.15±1.27
0.028
Shoulder int.rotation
3.2 ±1.64
2.85±1.84
0.284
Shoulder ext.rotation
4.90 ±1.41
4.45±1.82
0.530
Elbow flexion
6.35±1.13
6.35±0.59
0.393
Elbow extension
6.55±0.60
6.25±0.91
0.340
Wrist flexion
6.45±0.68
5.9±1.25
0.192
Wrist extension
5.9±1.45
5.75±1.25
0.616
Forearm pronation
6.05±0.69
5.45±1.53
0.318
Forearm supination
4.95±1.35
4.8±1.47
0.077
*Mann Whitney-U Test
DISCUSSION
This study showed that regular exercise program
increased the proprioceptive perception and
range of motion in the affected upper extremity.
However, although additional proprioceptive
training had no significant effect on the
proprioception, it improved shoulder abduction
and flexion ranges of movement more than the
standard exercise group.
Physiotherapy interventions composed of
stretching and ROM exercises have been shown
to be essential from the early days of OBPI [1012]. However, studies assessing the efficacy of
physiotherapy in children with OBPI in primary
school ages are extremely rare. Therefore, our
study is one of the leading studies in the literature
regarding the effects of exercise on
proprioception in OBPI.
It is well known that the muscle spindle and golgi
tendon organs are sensitive to tension, the
Pacinian corpuscles to vibration, the Ruffini
receptors to the static position of the joint and
intra-articular pressure, and the free nerve
endings within the joint to any chemical stimuli
[13-16]. Any mechanical stimulus on the joint will
lead to stimulation of these receptors. It is clear
J Clin Exp Invest

that the receptors are regularly stimulated and
proprioceptive
perception
increased
with
proprioceptive exercises as well stretching and
range of motion exercises. Therefore in our study,
it may be concluded that proprioceptive benefits
of different exercises like ROM and stretching
exercises are similar.
In the literature, studies showed significant
increases in proprioceptive perception with 6week-exercise program in healthy individuals and
6-month exercise program in patients with joint
injuries [17-19]. In our study, although 6-week
exercise program increased the proprioceptive
perception, this result was not statistically
significant for every target angle. We, therefore,
may conclude that longer periods are required in
order to improve proprioception at all movement
angles in impaired extremities such as those in
OBPI.
We found the increase in proprioceptive
perception to be statistically significant only at the
beginning and end of the ROM. This may indicate
that the recovery of perception of motion initiation
may be seen earlier than for the following stages
of movement. The improvement in the
proprioceptive perception at the end of the range
of motion can be explained by increased receptor
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sensitivity as a result of the extreme tension at the
whole capsule and surrounding structures with
extreme shoulder abduction due to stretching

exercises at the final degrees of the shoulder
range of motion [20].

Figure 1: Active Movement Scale (AMS) scores of home program (HP) group (PreT: before treatment;
PostT: after treatment) *p< 0,05

Figure 2: Active Movement Scale (AMS) scores of proprioception training (PT) group (PreT: before
treatment; PostT: after treatment) *p< 0,05

The most common deformities observed in all
types of OBPI are shoulder internal rotation and
adduction and elbow flexion contractures [3, 21].
Hence, it is considered as the reason for the
significant increase in the Active Movement Scale
sub-parameters in the HP group only in shoulder
external rotation and abduction and elbow
extension in our study. We include stretching
exercises in our study for shoulder adduction and
J Clin Exp Invest

internal rotation and elbow flexion contractures,
which were quite possibly present in the patients.
Shoulder elevation lack is one of the greatest
functional motor loss following OBPI [22- 24]. The
proprioceptive exercises used in our study were
mainly designed to facilitate daily activities
related to shoulder elevation. Therefore, shoulder
abduction and flexion improved more in PT group
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in addition to increase
perception in both groups.
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in

proprioceptive

Proprioceptive sense plays an important role in
producing coordinated movement with the
antagonist and agonist muscle balance [25],
regulation of true timing in multi-joint movements
in the extremity [26], determination of movement
direction and creation of skilled movement.
Therefore,
improving
the
proprioceptive
sensation has been subjected in some studies
[27, 28]. Those studies showed that
proprioceptive sensations increase rapidly
between the ages of 5 and 7 and it becomes
stable after 7-12 years of age. The age range in
our study was determined as 7-12 years by
referring to these studies. We suggest that our
age range did not affect the results of our study
as there was no significant difference between
the groups in terms of age and gender.
Proprioceptive training programs are mostly
organized for 6 weeks for healthy subjects and for
up to 6 months for the joints with various injuries.
OBPI also affects intact muscles and the joints
that are surrounded with the affected muscles
since birth. Our primary finding was the increase
in proprioceptive perception in both groups as a
result of the 6-week exercise program but this
result was not statistically significant for every
target angle. Short follow-up period and the low
number of patients are considered to be the main
limitations of our study. Therefore, significant
differences in more parameters may be achieved
with longer treatment periods in larger sample
sizes.
Proprioceptive perception should be strongly
emphasized in children with OBPI as they have
functional and physical impairments. Especially,
physiotherapists working in the field should keep
the proprioceptive assessment and treatment in
mind as the functional status may be positively
affected with the exercise programs.
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