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ABSTRACT

Background: Shoulder overuse injuries represent a common complaint among adolescents. Overuse injuries usually
occur as a result of muscles weakness and imbalance between shoulder external (ER) and internal rotation (IR). Muscle
tendon units may have elevated risk of overuse injuries in the actively growing child because as the bone lengthens, the
muscle-tendons have to stretch to keep up. This relative tightness and related poor flexibility place young athletes at
increased risk of muscle-tendon strains, avulsion injuries, and muscle tears.

Objective: The aim of this study was to determine the effect of plyometric exercise on shoulder internal rotation for
adolescent after overuse injuries.

Patients and methods: A total 30 adolescents boy children were enrolled in this study, their age ranged between 15 to
18 years old. The shoulder internal rotation was evaluated by using universal goniometer. The pain intensity was
evaluated by using Wong Backer Faces pain scale (WBFS).

Results: All children were graded as 4 “hurts little” by WBFS. There was a significant decrease in glenohumeral internal
rotation deficit (GIRD) and increase shoulder internal rotation post treatment compared with that pretreatment in the
group A and B (p <0.001).

Conclusion: According to results we concluded that there was significant improvement in shoulder internal rotation

and decrease in GIRD for adolescents’ shoulders after overuse injuries.
Keywords: Internal rotation, Glenohumeral internal rotation deficit, Overuse injuries, Plyometrics exercise.

INTRODUCTION

Overuse injury is a broad term used to describe an
injury caused by repeated micro-trauma, rather than
a specific or single injury event ™,

Muscle tendon units may have elevated risk of
overuse injuries in the actively growing child because
as the bone lengthens, the muscle-tendons have to
stretch to keep up. This relative tightness and related
poor flexibility place young athletes at increased risk of
muscle-tendon strains, avulsion injuries, and muscle
tears [2,

Although little research has identified causative
factors for overuse injuries in children and adolescents,
these injuries may be caused by training errors,
improper technique, excessive sports training,
inadequate rest, muscle weakness and imbalances I,
Overuse injuries in the pediatric population represent a
significant health care concern. Some reports and
clinical observations indicate that 50% of pediatric
patients present to sports medicine clinics for chronic
injuries [,

Given the incomplete development of their
musculoskeletal systems, adolescents may be more
susceptible to sports injuries than adult athletes. Sport-
specific adaptations at the glenohumeral joint could
occur during adolescence because athletes begin
participating in high-performance sports in early
childhood B,

Shoulder injuries in overhead athletes are commonly
due to repetitive use' muscle fatigue, may be related to
scapular dyskinesia rotator cuff injury and

weakness, or glenohumeral internal-rotation deficit,
resulting in internal impingement or labral injury (or
both) 1,

GIRD is a reduction in the IR angle of the throwing
shoulder in comparison to the non-throwing shoulder
and considered a primary factor in the development of
shoulder injuries [,

Strength balance between agonist and antagonist
muscles around the scapula and shoulder provides
dynamic glenohumeral joint stabilization, which is
needed for optimum performance in overhead sports ©1.

Plyometric exercises are a quick, powerful
movement using a pre-stretch or counter movement,
which involves the stretch shortening cycle. The
purpose of plyometric exercises is to increase the power
of subsequent movements by using both the natural and
elastic components of muscle, and tendon and the
stretch reflex [,

The aim of this study was to determine the effect
of plyometric exercise on shoulder internal rotation for
adolescents after overuse injuries.

PATIENTS AND METHODS

This study included thirty male adolescents; their
age ranged from 15 to 18 years old, were selected from
el Menshawy General Hospital Tanta City. Those
meeting the criteria of inclusion were divided
according the type of intervention into two groups
(group A and B).
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Group A involved 15 boys who received selected
plyometric exercise plus selected traditional physical
therapy program one hour per day for 3 days per
week for six weeks. Group B involved 15 boys
received just selected physical therapy program for
3 days per week for six weeks.

All boys were included in the analysis as they all
met the inclusion criteria of being able to understand
instruction and cooperate during assessment. The
exclusion criteria were as follows: (1) boys undergo
shoulder surgical operation; (2) previous history of
fracture; (3) recurrent shoulder dislocation; (4) shoulder
pain related to cervical spine; (5) boys with
neurological disorders.

Ethical approval:

This experimental study was approved by the
Ethical Committee of Faculty of Physical Therapy,
Cairo University, Egypt and was performed in
accordance with the Declaration of Helsinki of 1964

and its later amendments. All participating signed
consent forms for their participation.

Wong baker faces pain scale:

Children and parents use the Wong-Baker
FACES Pain Scale (WBFS) for reporting pain
intensity. The Wong Baker FACES Pain Rating Scale
(FACEY) is a six- graphed-face pain rating scale that
ranges from 0 to 10.

Tell the person that each face represents
someone who is in no pain (hurt), any pain, or a lot of
pain. Face 0 is absolutely painless. Face 2 is a little bit
painful. Face 4 is slightly more painful.

It's much more uncomfortable on face 6. Face 8
was incredibly painful. Face 10 is as painful as you can
think, but you don't have to be crying to experience it.
Have the individual select the face that best represents
their pain. All subjects selected in this study were
graded level 4 hurts little more.

Wong-Baker FACES™ Pain Rating Scale
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Figure (1): Wong Baker FACES pain rating scale.
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Universal goniometer:

Goniometry is used by physical therapists to
assess passive and active motion range (ROM).

The measurements are often used to determine
ROM limits, choose appropriate treatments, and
monitor treatment progress. Each patient for each
group were been measured use universal goniometer
for evaluation of inward and outward rotation for both
shoulders and then calculated glenohumeral internal
rotation deficit GIRD before and after treatment
procedure in the following sequence:

The participants were seated in the dorsal
decubitus position on a regular examining surface,
with knees flexed, 90 degrees of shoulder abduction,
90 degrees of elbow flexion, and the forearm in the
neutral position, as seen in figure 10. (supination and
pronation, 0). The investigator balanced the scapula
and anterior shoulder area over the clavicle and
coracoid process with one hand while rotating the
shoulder internally with the other before maximum
end ROM was achieved (initial position, 0).

Glenohumeral internal rotation deficit GIRD is
the variation in medial rotation between the dominant
and nondominant arms was used to measure the GIRD
before and after treatment for each groups A and B. It
is considered as loss of internal rotation dominant of
20° or more as compared with the nondominant
shoulder.

Figure (2): Universal goniometer.

Plyometric exercise:

The parameter recommended (1) Repetitions are
from 5 to 10 repetitions for each set; (2) Sets are 1
set per motion for each exercise; (3) Frequency is 3
sessions per week; (4) Rest intervals are 60 seconds
rest between each 2 exercises and 48 hours between
each 2 sessions; (5) Duration is 4-6 weeks; (6) Type
is multi to isolated joints; (7) Progression is 5-10%
per week.

Each patient of group A were enrolled in the
following sequence of plyometric; (1) chest press
and throw from both sides: standing; (2) catch and
throw in the air on both sides; (3) above head catch
and throw (hand-to-hand); (4) unilateral plyometric
shoulder exercises using elastic resistance target
internal rotator; (5) bouncing a rounded ball: aim
internal rotator while prone; (6) unilateral side catch
and throw target internal rotator.
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Data Analysis:

Descriptive statistics and unpaired t-test were
conducted for comparison of age between groups.
Normal distribution of data was checked using the
Shapiro-Wilk test. Levene’s test for homogeneity of
variances was conducted to test the homogeneity
between groups. Mann-Whitney test was conducted
for comparison of WBFS between groups.

Unpaired t-test was conducted to compare the
mean values of GIRD between groups. Paired t-test
was conducted for comparison between pre- and
post-treatment in each group. The level of
significance for all statistical tests was set at p < 0.05.
All statistical analysis was conducted through the
statistical package for the social sciences (SPSS)
version 25 for windows (IBM SPSS, Chicago, IL,
USA).

RESULTS
There was no significant difference between
groups in age (Table 1 and figure 3) and WBFS
(Table 2).
Table (1): Basic characteristics of participants

Study group| Control group |

mean * (SD)| mean * (SD) p-value
AGe l1606+1.03 | 162+108 | 073
(years)

SD, standard deviation

Table (2): Comparison of median values of WBFS
between the group A and B

Group A Group B P
Median Median | value
WBFS 4 4 1

Effect of treatment on IR and GIRD:
Within group comparison:

There was a significant decrease in GIRD post
treatment compared with that of pretreatment in the
group A and B (Table 3).

Between groups comparison:

There was no significant difference GIRD
between both groups pre-treatment. There was a
significant a significant decrease in GIRD of the group A
compared with that of group B post treatment (Table 3
and figure 4).

Table (3): Mean GIRD pre- and post-treatment of
the group Aand B

GroupA | GroupB
Mean = SD [Mean + SD p value
GIRD
Pre treatment 2453+2 (2466175 0.84
Post treatment | 16.93+1.9 | 20.6 +£1.18 | 0.001
% of change 30.98 16.46
p =0.001 p =0.001

SD, standard deviation
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Figure (4): Comparison of GIRD between groups.

DISCUSSION

Shoulder overuse injuries are described as those
that grow progressively over time and are caused by a
process of excessive stress and cumulative trauma.
Such accidents normally do not have a particular onset
event, but rather develop over time as a result of
continued physical activity, particularly where there is
inadequate recovery period between episodes of
physical activity (20111,

The current research was carried out to investigate
the influence of plyometric exercise on improvement
shoulder function after overuse injuries for
adolescents. For these purposes, thirty boys with
shoulder pain after overuse injuries with limited
shoulder internal rotation were chosen. The selection
of study sample agreed with Carson and Gasser *?
who reported that the estimated age of onset is 14
years, and patients normally complain of lateral
shoulder pain while throwing or doing overhead
activities.

All boys participated in this study complained of
shoulder pain and this agreed with Oliveira et al. ¥
who reported that older adolescent had high prevalence
in shoulder pain and the involvement of pain decreased
upper extremity function scores and increases deficits
in internal rotation range of motion. All subjects
selected in this study had marked differences in
shoulder lateral and medial rotation and this agreed
with Stickley et al. @ who reported that discrepancies
in external and internal rotations in dominant shoulder
are main risk factor for rotator cuff injuries for
adolescents.
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Group B

The degree of pain for all selected subjects was
four (hurts little more) on Wong Baker faces pain scale.
Garra, et al. ®® reported that the WBF scale is used to
determine level of pain for adolescents and school aged
children as they are able to determine pain from fear
when completing pain severity scales. All subjects in
this study had been measured with universal
goniometer to shoulder external and internal rotation as
Donatelli et al. @® reported that compared to the non-
dominant shoulder, the dominant shoulder has less
internal rotation.

All subjects selected in this study demonstrated
internal rotation deficit (GIRD) compared with non-
dominant one, this is in parallel with Johnson et al. 7
in their systematic review and metanalysis as they
demonstrated that GIRD is widely found in young age
like adolescents especially who participated in
overhead activities.

The selection of plyometric exercise is compatible
with Asadi ®® as he said that in both pubertal and
prepubertal populations, plyometric exercises provide
the required stimulus and can improve explosive
contractions. Cools et al. © reported that plyometric
exercises are now recommended not only in the sport-
specific phase of the recovery period, but also from the
onset.

From current study, we notice that plyometric
exercise plays major role in injury prevention and
decrease rate of shoulder and also upper extremity
injuries as Swanik et al. ® reported that upper-
extremity plyometrics and strength training are used to
reduce typical upper-extremity injury risk factors and
improve upper-extremity efficiency. The management
of these patients necessitates a detailed knowledge of
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the core concepts of dynamic stabilization
reconstruction. Rehabilitation should be carried out in
a step-by-step way. Range of motion, soft tissue
stability, power, equilibrium, and dynamic stability of
the rotator cuff and scapula can all be stressed in injury
prevention and recovery services.

CONCLUSION

From obtained results of this study and the
relevant literatures, it can be concluded that selected
plyometric exercise added to selected physical
therapy protocol has significant improvement on
shoulder internal rotation after overuse injuries for
adolescent who are participating in overhead
activities.
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