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Background:

Material and methods:

Results:

Conclusions:

The Oslo Sports Trauma Research Center (OSTRC) Shoulder Injury Prevention Program is an exercise
program developed to increase the internal rotation (IR) range of motion (ROM), external rotator muscle
strength and scapular muscle strength and to improve kinetic chain involvement and thoracic mobility.
The purpose of this study is to investigate the effect of this program on glenohumeral ROM and upper
extremity functional performance in adolescent throwers.

Ten adolescent throwers (discus, shot put and javelin throwers) were involved in the study. The OSTRC
Shoulder Injury Prevention Program was applied three times a week for 8 weeks as a part of warm-up.
Glenohumeral IR and external rotation (ER) ROM were evaluated with a goniometer. The Closed Kinetic
Chain Upper Extremity Stability Test (CKCUEST) was used to evaluate the upper extremity functional
performance.

It was found that there was a statistically significant difference in the dominant side IR ROM and CKCUEST
between the pre-test and post-test (p<0.05); however, there was no difference in terms of other
parameters (p>0.05).

This study shows that the glenohumeral IR ROM and upper extremity functional performance increases
after the 8-week OSTRC Shoulder Injury Prevention Program. For these purposes, physiotherapists and
trainers can include this program in their training programs.
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INTRODUCTION

Throwing events in track and field are among the oldest sporting events in recorded history.
In most sports, throwing requires generation of maximum force in a short time, and throwers
become more prone to high stress tendon, muscle, ligament, and joint injuries. Throwing
athletes are also at risk of repetitive stress injuries due to the precision required to succeed
in throwing and the high number of repetitions required to maintain good performance [1].

While shoulder rotation during a throwing event typically involves large external rotation
(ER), internal rotation (IR) is limited [2]. Increased ER-decreased IR range of motion
in the throwing arm of overhead throwing athletes leads to adaptive changes, such as
hypermobility of the anterior capsule and hypomobility of the posterior capsule [1]. In
particular, the tension in the posterior capsule due to limited IR leads to an increase in
anterior translation and disintegration force during glenohumeral flexion [2]. This can lead
to subluxation, which is considered as the primary mechanism of shoulder pain in throwers
[1]. During throwing, the glenohumeral, acromioclavicular and sternoclavicular joints are
exposed to axial, translational and distraction forces. This can lead to overuse injuries, such
as muscle strains, degenerative joint disease, ligament sprains, instability, and sometimes
more acute injuries, such as dislocations. In addition, the strength training regimen required
in throwing puts athletes at risk of injury to the joints mentioned above [3]. As a result of
this strength training regimen and throwing biomechanics, the upper extremities become
more susceptible to injury compared to other sports disciplines [4]. For all these reasons,
prevention of shoulder injuries with structured approaches should be an important focal
point [5]. Identifying risk factors and developing strategies to prevent injuries based on
these risk factors are key components to prevent injuries in athletes [6].

The Oslo Sports Trauma Research Center (OSTRC) shoulder injury prevention program is an
exercise program developed to increase IR range of motion, external rotator muscle strength
and scapular muscle strength and to improve kinetic chain involvement and thoracic mobility
[7, 8]. In a randomized controlled trial of 660 elite handball players, the OSTRC Shoulder
Injury Prevention program was applied three times a week as a part of the handball warm-
up. As a result of the study, it was found that the risk of shoulder problems in the training
group was 28% lower than in the control group. Therefore, it was stated that it should be
added to training programs in order to reduce the risk of injury [7]. Studies have reported
that making this program more available and common will be beneficial [9]. Although there
are studies investigating the effectiveness of the OSTRC Shoulder Injury Prevention Program
in handball players in the literature, there are no studies which investigate the effect of this
program on the range of motion and upper extremity functional performance in track and
field throwing athletes. Therefore, the purpose of this study is to investigate the effect of
OSTRC Shoulder Injury Prevention Program on glenohumeral joint rotation range of motion
and upper extremity functional performance in adolescent track and field throwing athletes.

MATERIAL AND METHODS

This pilot study was conducted at Gazi University Faculty of Health Sciences Department of
Physiotherapy and Rehabilitation. The ethical approval was obtained before the study Gazi
University Ethics Committee Date: 14/07/2020, Number: 91610558-604.01.02-, Study Code
No: 2020-375). All participants gave their written informed consent prior to participation in
the study. The goniometric measurements and upper extremity performance of the throwers
were evaluated by an experienced physiotherapist before starting the prevention program.
The OSTRC Shoulder Injury Prevention Program was applied to the throwers for eight
weeks by coaches. The measurements were repeated 2 days after the 8-week program by
the same physiotherapist.
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PARTICIPANTS

Adolescent throwers (discus, shot put and javelin throwers) who did not experience any
injury to their upper extremities in the last 6 months were involved in the study. Those
who had upper extremity surgery, upper extremity deformity and neurological problems or
systemic diseases were excluded from the study. The first evaluations of 13 throwers who
agreed to participate in the study were received. As 3 throwers discontinued the study after
the first evaluation, the study was completed with 10 throwers (6 males and 4 females).
Demographic information of the participants is presented in Table 1. The demographic
information, dominant sides, age when they started sports and weekly training hours of the
throwers was received and recorded.

Table 1. Demographic information of the participants
|

Mean+SD
Age (years) 15.8+2.15
Height (cm) 176.3+8.58
Body weight (kg) 85.01+£16.52
Body Mass Index (kg/m?) 27.15£3.65
Age of starting sports (years) 12.5+2.99
Years of participation in sports (years) 3.3%£3.37
Weekly training time (hours) 16.8+2.7
n (%)
Female 4 (40%)
Sex
Male 6 (60%)
Discus 2 (20%)
Discipline Shot put 5 (50%)
Javelin 3 (30%)
) Right 10 (100%)
Dominance
Left 0 (0%)

SD: Standard Deviation

RANGE OF MOTION

Glenohumeral joint IR and ER range of motion were evaluated by a goniometric measurement
by an experienced physiotherapist in the supine position. Measurements were performed
with the shoulder at 90° abduction and the elbow at 90° flexion. The pivot was placed on the
olecranon for rotation measurements. While the fixed arm was kept parallel to the treatment
table and the floor, the moving arm followed the 3rd metacarpal bone at the midpoint of
the radius and ulna. During the measurement care was taken that there was no change in
the 90° abduction and no flexion extension and elevation movements. The movement was
stopped at the range where we saw the shoulder move to prevent compensation and the
active range of motion was recorded in degrees. Subsequently, all measurements were
repeated for the other extremity [10].

UPPER EXTREMITY PERFORMANCE

CKCUEST was used to evaluate the throwers’ upper extremity performance. CKCUEST
has been shown in previous studies to be a measure of moderate to excellent reliability for
adolescents [11]. CKCUEST was performed by an experienced physiotherapist for men and
women in the same position. Two pieces of tapes were placed on the floor parallel to each
other at 90 cm intervals. In the starting position of the test, the thrower’s hands were placed
on a piece of tape in the push-up position. The thrower was asked to move their hands from
one tape to the other as quickly as possible. The number of times the thrower touched lines
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in 15 seconds was recorded. Each thrower took three tests, one of which was a warm-up
test. A 45-second rest period was allowed between the tests. In data analysis, the mean of
the two tests was calculated [12].

INJURY PREVENTION EXERCISE PROGRAM

The OSTRC Shoulder Injury Prevention Program was applied to the throwers three times a
week during the warm-up period of their training program by coaches. The OSTRC Shoulder
Injury Prevention Program consists of five exercises (15 in total) with different variations
and levels [7]. The program took about 15 minutes to complete. Two measurements were
performed by an experienced physiotherapist one day before the initiation of the exercise
program and 2 days after the 8-week program.

STATISTICAL ANALYSIS

SPSS 22 package software was used to analyze the data. In the evaluation of the data,
descriptive statistics, mean, and standard deviation were provided for those with normal
distribution, and median and interquartile range were provided for those without normal
distribution. The Wilcoxon test was used to determine the difference between the pre-test
and post-test results of the throwers. The significance level in the study was accepted as
p<0.05. The effect sizes of the groups were evaluated according to Cohen’s d standards
within the pre-end differences. Effect size results were interpreted as small (0.2), medium
(=0.5) or large (=0.8), according to the guidelines [13].

RESULTS

Based on the examination of the results, it was found that there was a statistically significant
difference in terms of the dominant side IR range of motion and CKCUEST (p<0.05, Table
2), and that there was no difference in terms of other parameters (p>0.05, Table 2). It was
demonstrated that the dominant side IR range of motion and CKCUEST scores increased
in the post-test compared to the pre-test.

Table 2. Pre-test and post-test comparison of glenohumeral range of motion and upper extremity performances
of adolescent throwers

(Medan T IQR) (Moo Q) (Median TaR) P Effect size
Dominant side ER (degree) 115(110/119) 105 (100/110)  -9.5(-15/0)  0.159 0.61
IR (degree) 775(65/80)  825(75/105) 125(5/25)  0.008* 1.23
TROM (degree) 190 (185/195)  185(180/210)  3(-10/15)  0.314 0.36
Non-dominant ER (degree) 106.5(90/110)  100(95/115)  2.5(-8/10)  0.389 0.23
side IR (degree) 73.5(70/95)  87.5(80/95)  10(10/15  0.050 0.78
TROM (degree) 180 (175/195)  195(185/200)  15(0/20) 0.106 0.68
CKCUEST (number of touches)  20.5 (17 22) 24 (241 27) 4(3/6) 0.007* 2.00

TROM: Total Range of Motion, CKCUEST: Closed Kinetic Chain Upper Extremity Stability Test, IQR: Inter Quantile
Range, *p<0.05

DISCUSSION

This study was carried out to investigate the effect of the OSTRC Shoulder Injury Prevention
Program on the glenohumeral range of motion and upper extremity functional performance
in adolescent throwers. As a result of the study, it was determined that the OSTRC Shoulder
Injury Prevention Program, as an addition to the training programs for eight weeks, increased
the IR range of motion on the dominant side and upper extremity functional performance
but had no significant effect on other parameters. To the authors’ knowledge, this is the first

N

www.balticsportscience.com 1



Baltic Journal of Health and Physical Activity 2021; 13 (4): 9-15

Journal of Gdansk University of Physical Education and Sport
e-ISSN 2080-9999

study to demonstrate the effectiveness of the OSTRC Shoulder Injury Prevention Program
in adolescent throwers.

The range of motion of the glenohumeral joint is an important parameter to prevent shoulder
injuries and to monitor post-injury rehabilitation [14]. Increased ER and reduced IR during
throwing causes tension in the posterior capsule, leading to an increase in anterior translation
and disintegration force during glenohumeral flexion. In addition, repeated eccentric stress
on the rotator cuff due to excessive ER may lead to injuries by causing microtrauma in
the tendons [2]. Structural adaptations in bone and soft tissues due to excessive forces on
the shoulder during throwing are responsible for deficits in the range of motion [15]. The
repeated deceleration phase results in a strained posterior capsule, leading to a limited
glenohumeral IR range of motion, which can be critical for shoulder integrity [16]. IR loss of
range of motion is a known risk factor for chronic shoulder pain [17]. For all these reasons,
exercises to increase the reduced IR range of motion should be added to training programs.

For throwers, providing the necessary torque and power to throw heavy equipment over a
long distance requires extreme force, balance, coordination, timing, and flexibility. To be
a successful thrower, it is necessary to maintain flexibility to withstand difficult positions

while maintaining the strength to generate torque and leverage. Throwers must take unusual
positions (such as the power position in shot put) that require tremendous flexibility to
perform properly. Therefore, it has been reported in previous studies that flexibility exercises,
such as shoulder internal rotators, hip flexors, hamstrings and abdominal rotators, should
be included in the training programs of throwers [1]. Our study investigated the effect of
the OSTRC Shoulder Injury Prevention Program, which is used to increase the IR range of
motion, on the glenohumeral range of motion in throwers. At the end of the study, it was
determined that this program improved the dominant side IR range of motion in throwers.
Although not statistically significant, an increase in the IR range of motion of the non-
dominant side was also observed. However, there was no significant difference in ER and
the total range of motion between the pre-test and the post-test. There are several studies
in the literature which investigate the effects of training programs on the range of motion in
different sports disciplines. Fredriksen and Myklebust investigated the effect of the OSTRC
Shoulder Injury Prevention Program on handball players’ range of motion and stated that it
had no effect on IR, ER and the total range of motion [8]. Oranchuk et al. also investigated
the effect of an eight-week sports-specific training program with resistance bands and
general training program on the glenohumeral range of motion in softball players, and at
the end of the study, they found that both training programs did not cause a statistically
significant difference on the ER and IR range of motion [18]. Moore et al. applied a 2-stage
strengthening program in 14 baseball players for 20 weeks before the season and found
that the glenohumeral joint IR and total range of motion remained the same. The reason
for the lack of a difference in the IR range of motion in the study was attributed to the
absence of specific stretching exercises in the program [19]. The lack of a difference in the
ER and total range of motion in the study by Fredriksen and Myklebust, in the ER values
in the study by Oranchuk et al. and in the total range of motion in the study by Moore et al.
supports the results of our study. However, unlike these studies, it was observed that there
was a difference in the glenohumeral joint IR range of motion after the program applied in
our study. The difference in our results in terms of the IR range of motion may be caused
by the fact that the athletes are engaged in different disciplines. In addition, the OSTRC
Shoulder Injury Prevention Program used in our study included “sleeper stretch” and
“crossbody stretch” exercises, which are stretching exercises aimed at increasing the IR
range of motion. These exercises are the most commonly used exercises to increase the IR
range of motion [20]. We believe that the reason for the increase in the IR range of motion
in our study is due to these specific exercises.
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Functional tests for the upper extremity provide objective information about activities
during sports. Several tests have been developed for this purpose; the most widely used
one is CKCUEST [21]. CKCUEST is a simple, valid and low-cost test that can be easily
applied in a clinical or sports context and shows high correlation with muscle strength
measurements [22]. This test evaluates the function and stability of the upper extremity. It
is used in the literature in order to identify risk factors for shoulder pain [23], to determine
the effectiveness of different types of intervention [24] and to predict the development of
throwing distances [22, 25]. In addition, this test can be used to compare athletes and to
determine if they can return to sports. The advantage of this functional test is that it provides
valuable information on how the athlete uses an upper extremity in several ways (strength,
speed and stabilization) in a challenging position [21]. As a result of our study, it was
observed that CKCUEST scores, which evaluate upper extremity functional performance,
increased following the OSTRC Shoulder Injury Prevention Program. It is expected that this
injury prevention program, which includes exercises to increase the strength, stability and
proprioception of the upper extremity, will increase the CKCUEST score, which evaluates
the function and stability of the upper extremity. Also, this could be the result of the “trunk
rotation” and its advanced version of the “plank with passing” included in the program.
The positions of these exercises are similar to the position and method of the test used to
evaluate upper extremity functional performance in our study. These exercises, which were
performed in a position similar to the test, may have caused an increase in performance both
by increasing the stability of the upper extremities and by repeating the same position for
8 weeks. Based on the results of this study, although our study has shown that the OSTRC
Shoulder Injury Prevention Program improves the upper extremity functional performance,
no comparison could be made as there is no study in the literature which investigate this
effect in adolescent throwers.

LIMITATIONS

Some limitations of this study must be acknowledged. First, the sample size was small due
to the low number of throwers. To generalize the findings of this study, a larger cohort of
subjects is needed. Second, the current study lacked a control or comparison group. As
there is no previous study of the effects of the OSTRC Shoulder Injury Prevention Program
on adolescent throwers, this pilot study was conducted to observe the OSTRC Shoulder
Injury Prevention Program. Future studies must include a control group continuing their
routine training program. Third, although there are studies showing that this program has
an effect on the strength of the external rotator and internal rotator muscles, this study
could not evaluate the strength. Further studies are needed to look at the effect of this
program on the rotator cuff muscle strength in throwers.

CONCLUSION

As a result of this study, which investigated the effect of the OSTRC Shoulder Injury
Prevention Program on the glenohumeral range of motion and upper extremity functional
performance for the first time in throwers, it was observed that the program improved the
IR range of motion and upper extremity functional performance. More research is needed
to investigate the effects of the OSTRC Shoulder Injury Prevention Program on injury risk
factors, such as range of motion, strength and scapular dyskinesia and sportive performance
in different branches.
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