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Introduction

There is a high incidence of shoulder injuries among overhead athletes. Identifying and
understanding risk factors for these injuries, particularly those that can be modified, is a
necessary step towards being able to effectively develop and implement shoulder specific
injury prevention programs. Therefore, the purpose of this systematic review was to
identify risk factors associated with a new onset of shoulder pain and injury among the
athletic population.

Design

Systematic Review.

Methods

A systematic review of the literature was performed within PubMed, Embase, AMED,
CINAHL, and EmCare databases. Studies were screened utilizing the following inclusion
criteria; (a) athletes currently pain free or no history of pain at baseline, (b) athletes with
shoulder and or arm pain originating from a musculoskeletal shoulder problem (c) risk
factors captured prospectively (d) pathoanatomy and biomechanics in isolation or in
addition to personal characteristics, etc. (e) reporting relative risk, odds ratios, and/or
hazard ratios and (f) follow up > 6 months. Due to data heterogeneity, only a descriptive
data synthesis was performed. Data were extracted and underwent risk of bias assessment
utilizing the Quality in Prognosis Studies (QUIPS) tool. PRISMA guidelines were utilized
throughout.

Results

Nineteen papers were included. A total of four studies investigated baseball, five
handball, three swimming, two tennis, two military, one cricket, one American football,
and one with multiple sports, totaling 7,802 athletes. The risk of bias among the included
studies was rated from moderate to low overall with no single study being identified as
high risk of bias. All studies designs were a level of evidence of II except for two studies
that were level III. The most significant risk factors included range of motion, reduced
strength, history of local/regional musculoskeletal pain, previous injury, and training
load. There are inconsistencies in how injury and pain are defined within studies.
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Conclusion

Many risk factors are easily objectifiable and modifiable which may help in developing
shoulder injury mitigation strategies. Three of the five significant risk factors for injury
can be identified by objective pre-screening measures. While previous pain and injury
cannot be mitigated, training loads should be closely monitored and adapted according to

other risk factors and the athlete’s response.

Level of Evidence
2

INTRODUCTION

The incidence of shoulder pain and injury among overhead
athletes varies considerably depending on the sport and
level of competition with ranges between 18% and 90%.1-3
Shoulder pain and injury commonly result in decreased
sports performance, time missed from training and compe-
tition, increased potential need for rehabilitation or surgi-
cal interventions, and athletes with a shoulder injury may
no longer be able to participate in sport depending on the
severity or chronicity of the condition.#-¢ Certain overhead
sports have been highlighted regarding the incidence of
shoulder pain and injury as well as associated risk factors;
for example, in Major League Baseball (MLB) the shoulder
has been reported as the most injured area overall.” The
injury rate related to the shoulder in MLB (particularly for
pitchers) is partly associated with the velocity and force
required during the throwing motion, and more notably
with the eccentric braking of the arm that must occur once
the ball is released.8: The physical demands involved with
these forces are most evident in the late cocking phase
of throwing.8 During the late cocking phase of throwing,
glenohumeral joint external rotation range of motion can
reach ranges from 165-175 degrees with subsequent gleno-
humeral joint internal rotation velocities peaking at over
7,000 degrees per second.39 Other overhead sports such as
handball, volleyball, and tennis demand similar means of
force production and deceleration but to a lesser degree.
Swimming may demand less force production and velocity
than other overhead sports, but the number of revolutions
without rest that the shoulder must endure during practice
and competition makes it vulnerable to pain and injury.3
Among tactical athletes (military, law enforcement, and
firefighters) glenohumeral joint instability occurs at a
higher rate than in the civilian population.!0.11

Given the incidence of shoulder pain and injury in over-
head athletes, there has been considerable interest and ef-
fort placed into identifying associated risk factors and sub-
sequently creating and implementing shoulder injury
prevention programs.l46.12 However, there is limited re-
search evaluating the effectiveness of shoulder injury pre-
vention programs in overhead athletes. A recent systematic
review of the literature on the topic of shoulder injury
prevention programs in overhead athletes found that only
three studies were able to demonstrate a favorable outcome
when implementing an injury prevention program.®

There is a clear need to identify and understand risk fac-
tors associated with shoulder pain and injury in athletes
who participate in overhead sports to effectively develop

and implement shoulder specific injury prevention pro-
grams. Additionally, these injury prevention programs
should account for the unique demands of each sport and in
some instances, individual positions within a given sport.
The most recent unregistered systematic review!3 per-
formed on the topic utilized a broad inclusion criterion
which did not include a specific follow up time or indicate
if studies including athletes currently experiencing pain
were excluded. Additionally, the systematic review limited
the included sports to those classified as overhead and did
not include tactical athletes. Therefore, the purpose of this
study of this systematic review was to identify risk factors
associated with a new onset of shoulder pain and injury
among the athletic population.

METHODS

GUIDELINES

This systematic review utilized the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines for all phases of the review process. The PRISMA
statement includes a 27-item checklist designed to improve
reporting of systematic reviews and meta-analyses.l4 This
study was registered using the international prospective
register of systematic reviews PROSPERO with the corre-
sponding reference number CRD42020187086

SEARCH STRATEGY

Searched databases included Medline (PubMed), Embase,
AMED, CINAHL, and EmCare utilizing a search strategy de-
veloped by one of the authors (HD) with assistance from a
medical librarian. No restrictions on date of publication or
language were utilized in the search. The search was per-
formed from database inception through October 9, 2022.
An example of the search strategy utilized for PubMed can
be found in Table 1.
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Table 1. PubMed Search Strategy

((first ADJ incidence).ti,ab OR (prognost®).ti,ab
OR (risk ADJ factor).ti,ab OR (first ADJ on-
set).ti,ab OR (first AD] episode).ti,ab) AND
(“SHOULDER PAIN”/ OR “SHOULDER IMPINGE-
MENT SYNDROME”/ OR “ROTATOR CUFF”/ OR
SHOULDER/ OR (shoulder* AD]J1 bursitis).ti,ab
OR (shoulder* ADJ1 frozen).ti,ab OR (shoulder*
ADJ1 impinge*).ti,ab OR (shoulder* ADJ1 in-
stab*).ti,ab OR (shoulder* ADJ1 tendin*).ti,ab
OR (shoulder* ADJ1 tendon*).ti,ab OR (shoul-
der* ADJ1 sublux®).ti,ab OR (shoulder* ADJ1
pain®).ti,ab OR (adhesive AD] capsulitis).ti,ab
OR (rotator ADJ cuff).ti,ab)

Citations were imported into Rayyan, an online screen-
ing tool, for storage, access and management for review.

STUDY SELECTION

Title and abstract screening were performed by two inde-
pendent reviewers (MD and HRT for the initial round as
well as PS and DW for the subsequent round) with discrep-
ancies handled through discussion. The inclusion criteria
for studies included in this review consisted of the follow-
ing: (a) athletes either currently in a pain free state (for
any length of time) or with no history of shoulder pain at
baseline, (b) athletes presenting with shoulder and or arm
pain described by the clinician or researcher as originating
from a musculoskeletal shoulder problem (c) study designs
in which risk factors were captured in a prospective man-
ner (d) factors such as patho-anatomy and biomechanics in
isolation or in addition to personal characteristics, environ-
ment, activity, participation, lifestyle, beliefs expectations,
past experience, etc. (e) studies including relative risk, odds
ratios, and/or hazard ratios and (f) follow up of > 6 months.
Studies were excluded if they were published in a language
other than English and if the results were presented using
mixed patient populations where data could not be sepa-
rated.

There are discrepancies in how researchers define pain
and injury and in some cases the definition of pain was sim-
ilar to that of the definition of injury. For comprehension,
the authors chose to retain studies that examined risk fac-
tors associated with both shoulder pain and injury among
the athletic population. Risk factors were defined as an ex-
posure that, when present, may increase the risk of an un-
favorable outcome, in this case, shoulder pain or injury.l>
Further boundaries created around risk factors identified
within the retained studies included physical (ie. range of
motion [ROM]), behavioral (ie. pain experience), environ-
mental (ie. turf vs. grass playing surface) and sport specific
demands (ie. training load). Lastly, risk factors were consid-
ered modifiable if they could be controlled or changed.

DATA EXTRACTION AND APPRAISAL

Data were extracted by two independent research assistants
(EL and KF). Data extracted included first author, popula-
tion/demographic information as well as physical and or
psychological variables reported as relative risk (RR), odds
ratios (OR), and/or hazard ratios (HR). Relative risk results
are performed through a Poisson model and are the risk
of sustaining the outcome compared to the entire sample.
Odds ratios were performed through a logistic regression
and are the odds of sustaining the outcome by dividing the
total number with the outcome by the number of partici-
pants in the sample who do not sustain the outcome. Haz-
ard ratios were performed through survival (i.e., time to
event) analyses. Hazard ratios incorporate time within the
denominator. Given that no one tool for measuring risk of
bias fit the varied study designs represented, the authors
chose the Quality in Prognosis Studies (QUIPS) tool. This
tool has been shown to be reliable with a median inter-
rater reliability of 0.75. This tool consists of six elements
(study participation, study attrition, prognostic [risk] factor
measurement, outcome measurement, study confounding,
and statistical analysis and reporting). Each element con-
tains subheadings that examine particular features of the
six larger elements. The six elements are then given a score
of low, moderate or high risk of bias based on clearly out-
lined criteria for each subheading within the tools supple-
mentary file.16

Included articles were distributed to members of the re-
view team (CC, HD, RC, JL, PS, and DW) with all articles
being reviewed independently for risk of bias (ROB) by two
reviewers and consensus scoring agreed upon for each ele-
ment of all retained articles. The use of summated scoring
for overall risk of bias is discouraged and instead selecting
criteria a priori for determining overall quality is encour-
aged. Prior to scoring, two of the reviewers with research
experience in this area (PS and CC) agreed that if four or
more of the six elements were given a particular score, the
majority score would be given as the overall score. If the
scores were split three of one and three of another, the
score of moderate would be given and if there were three of
one score and the others did not all agree, it would be given
an overall score of moderate.

STATISTICAL ANALYSIS

Due to the heterogeneity in the data, a descriptive data
synthesis was performed. Aggregated data were reported as
median (range). Individual data points were reported as re-
ported in the individual study. All analyses were performed
with R 4.21. (R Core Team (2022). R: A language and envi-
ronment for statistical computing. R Foundation for Statis-
tical Computing, Vienna, Austria. URL https://www.R-pro-
ject.org/.) . The dplyr package was used for all cleaning,
coding, and descriptive analyses.
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Figure 1. PRISMA Flow Diagram

RESULTS

The search yielded a total of 13,599 citations, 1,653 dupli-
cates were detected and removed to allow for 11,946 unique
citations for screening of which after screening, a total of
19 studies were included in this systematic review (Fig-
ure 1). Four studies investigated baseball,>17-19 five hand-
ball,29-24 three swimming,25-27 two tennis,2829 two mili-
tary,30:31 one cricket,32 one American football,33 and one
examined multiple overhead sports.34 Overall, 7,802 ath-
letes were studied (Table 2).

METHODOLOGICAL DESIGN AND RISK OF BIAS

One study was a randomized controlled trial2! and eighteen
studies were prospective cohort studies.>17-20,22-34 Thjr-
teen studies received an overall rating of low risk of bias,>
17,19,21-23,26,28-32,34 5ix received an overall rating of moder-
ate risk of bias!8:20,24,25,27,33 yith no studies rated as hav-
ing high risk of bias overall. Element 2, study attrition, was
what led to most articles receiving a score other than low,
with three studies receiving a score of high risk of bias!8:20,
24 and ten receiving a score of moderate risk of bias.19:21
25-29,52-34 Element 4, outcome measurement, contributed
to most articles rated as low risk of bias with only three
rated as moderate20:24:27 and none rated as high. Seventeen

Records identified through
database searching PubMed,
EMBASE, AMED, EmCare
5 and CINAHL
w
£ (n=13,599)
€
()
=
Records excluded after
Records after duplicates removed - title and abstract
" -
(n=11,946) screening
(n=11,779)
o
£ Records excluded after full-
E [ text review (n=148)
[+
0 —
Full text articles assessed for eligibility Not shoulder specific=50
(n=167) > 3
Not first time or new onsetof
shoulder pain=50
Wrong study design =14
Mot athleles = 28
= Abstractonly=5
] Non—English =1
=2
w
Articles included in synthesis
(n=19)
h-]
(]
=
=
[*]
=

of the included studies were considered Level 2 evidence
and the remaining two case control studies considered
Level 3.

PHYSICAL FACTORS
ANATOMY

Increased glenoid retroversion as associated with an in-
creased risk of posterior shoulder instability for those in
the military service. Every one degree increase in glenoid
retroversion there was an increased hazard of 1.17 (HR
1.17 [1.03-1.34]) is.30 In this population, decreased glenoid
height to width ratio also demonstrated increased anterior
instability hazard (HR 8.12 [1.07-61.72]).31

Among 46 adolescent swimmers (Female: 30; Male: 16)
increased body mass index (BMI) (OR 1.48 [1.00-2.19])
demonstrated increased risk of developing shoulder pain.
Additionally, humeral head position which included a
smaller inferior Kibler distance in abduction (OR 0.90 [0.83
-0.97]), a smaller horizontal distance between the anterior
humeral head and the anterior acromion (OR 0.76
[0.59-0.98]), and BMI (OR:1.48 [1.00-2.19]).26

An investigation of 113 recreational overhead athletes
(Female: 59; Male: 54) found that less scapular upward ro-
tation at 45° (OR: 1.038) and 90° (OR: 0.986) of humeral ad-
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Table 2. Relevant Data Extracted from Retained Studies (risk factors reported are those identified as significant

unless otherwise noted)

e Females=68

Age (years):

e Males=14.7+04

e Females=135+0.6
e Total=14.1+0.8
Height (cm):

e Males=181.2+£5.9
e Females=169.8+5.9
e Total=175.2+82
Weight (kg):

e Males=704+85

e Females=585%6.7
e Total=64.0+9.6
BMI (kg/m2):

e Males=217+21

e Females=20.5+£20
e Total=21.1+20
Team handball
experience (years):

e Males=87+23

e Females=79+21
e Total=8.2+22

e OR=10.70(1.2-95.6) per 10N
Normalized muscle strength:
e Isometric ER (N/kg|

e OR=12(1.0-1.4)per 0.1 N/kg
e Eccentric ER <2.9 N/kg:

e Bothsexes
> OR=35(1.1-118)
e Men
° OR=5.89(1.2-27.9)
Ratio ER:IR strength:
e |sometricER:Iso IR
> OR=12(1.1-15)
e |sometric ER:Iso IR <0.75
o OR=4.29(1.3-14.5)
e  EccentricER:Iso IR <1.30
> OR=3.20(1.0-10.1)
GH PROM:
e ERgain >7.5° both sexes
° OR=4.1(1.1-154)
e ERgain >7.5° Women
> OR=15.20(1.1-185.3)
e GIRD >7.5°Men
> OR=0.61(0.5-0.8)
e GIRD >7.5° Women
o OR=1250(14-114.6)

questionnaire with
no specific criteria
provided

Study Subjects Risk Factors Pain/Injury Incidence of
Definition Shoulder
Injury
Achenbach N=138 Absolute Shoulder strength: Injury - self reported N =36 (26%)
etal.2019 e Males=70 o Isometric ER (Newtons through online

Asker et al. Handball players
2020 344 uninjured players
(50% female)

452 player-seasons
Age (years):

e Female=16.5+0.9
e Males=16.6+0.8
Height (cm):

e Female=169.6+9.3
e Male=183.9+6.8
Weight (kg):

e Female=69.3+8.9
e Male=80.1£10.6
Time playing handball
(years):

e Female=9.4+2.1

e Male=93+23
Playing level:

e Female:

e Regional = 169 (75)
e National =57(25)

e Male:

e Regional =175(77)
e National =51(23)

Per Each Exposure Analysis (hazard rate ratio reported only,
significance not examined)
Strength Normalized to body weight

Isometric ER:
e Female: 145
e Male:1.57
Isometric IR:
e Female: 1.87
e Male:2.27

Eccentric ER:
e Female: 1.72

e Male:1.87
Isometric ABD:
e Female:1.31
e Male:1.52

*  Ratio between isometric ER and isometric IR: <0.75
*  Ratio between eccentric ER and isometric IR: <0.75
Range of Motion

e IR

e Female

Pre-Season Clinical Test Analysis

Female

Strength Normalized to body weight

e |sometric ER:

> Crude HRR = 2.37 (1.03, 5.45)

o Adjusted HRR = 2.37 (1.03, 5.44)
e Isometric IR:

e Crude HRR =2.43(1.06, 5.58)

> Adjusted HRR = 2.44 (1.06, 5.61)
e EccentricER:

e Crude HRR = 1.25(0.58,2.71)

e Adjusted HRR = 1.21(0.57,2.62)
e Isometric ABD:

o Crude HRR = 1.14(0.53,2.47)
> Adjusted HRR = 1.10 (0.50, 2.38)
e  Ratio between isometric ER and IR:
o Crude HRR =0.87(0.40, 1.87)
> Adjusted HRR = 0.85 (0.39, 1.83)
e Ratio between eccentric ER and isometric IR:

Injury - a score of 40
or more on the
OSTRC (self-
reported) regarding
the dominant
shoulder

N =48 (14%)
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Study

Subjects

Risk Factors

Pain/Injury
Definition

Incidence of
Shoulder
Injury

o Crude HRR =0.45(0.11, 1.88)

> Adjusted HRR =0.41(0.10, 1.73)
e ERROM:

> Crude HRR =0.71(0.33,1.55)

o Adjusted HRR = 0.74 (0.34, 1.62)
e |RROM:

e Crude HRR=1.56(0.70, 3.51)

o Adjusted HRR = 1.59 (0.70, 3.54)
o TROM:

> Crude HRR =0.70(0.32, 1.53)

o Adjusted HRR =0.70 (0.32, 1.53)
* Difference in TROM nondominant v minant:

o Crude HRR = 1.21(0.56, 2.62)

> Adjusted HRR = 1.30 (0.59, 2.83)
e Scapular dyskinesis (yes/no) flexion:

e Crude HRR=0.50(0.17, 1.45)

> Adjusted HRR = 0.49 (0.17, 1.44)
e Scapular dyskinesis (yes/no) abduction:

o Crude HRR = 1.65(0.39, 6.98)

o Adjusted HRR = 1.53(0.36, 6.52)
. in ition

> Crude HRR = 1.06 (0.49, 2.29)

o Adjusted HRR = 1.06 (0.49, 2.29)

Male
Strength Normalized to body weight

e Isometric ER:

> Crude HRR =0.99 (0.43, 2.28)

o Adjusted HRR = 1.02 (0.44, 2.36)
e |sometricIR:

o Crude HRR = 0.66 (0.28, 1.55)

o Adjusted HRR =0.74 (0.31, 1.75)
e  EccentricER:

o Crude HRR = 0.64 (0.27, 1.50)

o Adjusted HRR = 0.70 (0.29, 1.64)
e Isometric ABD:

o Crude HRR = 1.13(0.49, 2.62)

o Adjusted HRR = 1.19 (0.51, 2.77)
e Ratio between isometric ER and IR:

o Crude HRR =2.04 (0.69, 6.04)

o Adjusted HRR = 2.00 (0.68, 5.92)
* Ratio between eccentric ER and isometric IR:

o Crude HRR = 1.08 (0.44, 2.66)

o Adjusted HRR = 1.10 (0.45, 2.69)
e ERROM:

o Crude HRR =0.84 (0.36, 1.95)

o Adjusted HRR =0.74 (0.31, 1.73)
e |RROM:

> Crude HRR = 1.06 (0.46, 2.44)

o Adjusted HRR = 1.03 (0.45, 2.37)
e TROM:

e Crude HRR =0.87 (0.37, 2.00)

o Adjusted HRR = 0.77 (0.33, 1.81)
o Difference in TROM nondominant vs. dominant:

o Crude HRR =0.56 (0.24, 1.35)

o Adjusted HRR =0.53(0.22, 1.25)
. lar dyskinesi: no) flexion:

> Crude HRR = 1.44 (0.56, 3.67)

o Adjusted HRR = 1.53 (0.60, 3.94)
e Scapular dyskinesis (yes/no) abduction:

e Crude HRR = 3.45(1.49,7.95)

o Adjusted HRR = 3.43 (1.49,7.92)
e Joint position sense:

o Crude HRR = 1.14 (0.49,2.63)

o Adjusted HRR = 1.12 (0.48,2.59)

Asker et al.
2022

Handball players
Shoulder group (n=201):
o Age=16.5+0.9

e Males=120

Shoulder Group vs control for shoulder injury:

e HRR=0.44(0.29-0.68)

Shoulder Group vs control for time-loss shoulder injury:
e HRR=0.44(0.29-0.65)

Shoulder Group vs group for time-loss shoulder injury

Injury - a score of 40
or more on the
OSTRC-O (self-
reported)

N =100
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Study Subjects Risk Factors Pain/Injury Incidence of
Definition Shoulder
Injury
e Years handball experi- e HRR=0.60(0.38-0.94)
ence=9.5+20 Shoulder Group vs control for substantial shoulder
e Performing specific problem:
shoulder strengthening e HRR=0.51(0.30-0.87)
i Regul
exe,mses c.m aReguiar Shoulder Group vs control for any shoulder problem:
basis previous season=
82 e HRR=0.49(0.29-0.83)
e Hxof shoulder pain= 97 Shoulder Grupo vs knee group for any shoulder problem
Knee group (n=218) e HRR=0.65(0.42-0.99)
o Age=165+0.9
e Males=111
e Years handball experi-
ence=9.1+23
e  Performing specific
shoulder strengthening
exercises on a regular ba-
sis previous season =71
e Hxof shoulder pain = 103
Control group (n=217):
o Age=165+0.9
e Males=116
e Years handball experi-
ence=9.3+21
e Performing specific
shoulder strengthening
exercises on a regular ba-
sis previous season = 77
e Hxofshoulder pain=112
Bullock et N =297 pitchers Kinematic Chain Injury: Injury -aninjury toa N=7.9
al 2022 e  Kinematic chain injuries = e Adjusted HR = 2.6 (1.2-5.6) arm injury tendon, ligament, ?hou!der
5.2 per 10,00 AEs Initial Shoulder Injury: nerve, muscle or injuries/
e Age=230+22 Adiusted HR = 9.3 (1.1-83) sub houlder ini bone occurring team athletic
e BMI=248+22 ® juste = 9.3 (1.1-83) subsequent shoulder injury activity or event with exposure
e Previous arminjury hx = at_leaSt one d,ay of
69% missed practice or
. . game, requiring
e Initial shoulder injury = . N
62% of 84 initial arm in- medical attention
juries
Edouard et Shoulder Group Conventional ratios: Injury - time loss N=19
al. 2013 (n=16) e  ERconcentric/IR concentric at 240° definition through
Youth female handball . RR=257"(1.60-3.54) registry system. )
players: X K Unable to take fullin
o Age=18+1years Functional ratios: handball activity or
o Height=174%6cm e IR eccentric/ER concentric at 60%sec: match play at least
e BMI=23xkg/m? © RR=208"(1.18-2.98) one day beyond the
* Right-handed = 11 Muscular imbalance criteria (at least 2 of the day of injury
Trained 10 hours/week parameters):
Played 28 matches per e RR=257"(1.60-3.54)
year
2 goalkeepers, 5 wingers,
5 backcourts, 3 centres,
and 1 pivot.
Control Group
(n=14)
Healthy youth female
non-athletes:
e Age=20+*2years
e Height=168+7cm
e BMI=21%2kg/m?2
e Right-handed = 13
Feijenet al. N=201 (odds ratio reported only, significance not examined) Pain - time-loss injury N =42 (30%)
2020 o Injured =42 Acute:chronic workload ratio: requiring the athlete

e Uninjured = 159

o Age=139%22

e Male=96

e Female=105

e Height=164.8+124cm

e Weight=54.42+13.08
kg

Competitive Level:

e international: 17

e national: 83

e OR=4.31(1.001-18.537)
Competitive level (regional vs club):

e OR=0.19(0.058-0.629)

Posterior shoulder muscle endurance:
e OR=0.96(0.916-0.998)

Hand entry position error:

e OR=0.37(0.155-0.906)

tomiss partofa
single training or
competition session
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Study Subjects Risk Factors Pain/Injury Incidence of
Definition Shoulder
Injury
e regional: 79
e club:22
Johansson N = 301 Swedish tennis (hazard risk ratio reported only, significance not examined) Injury - a score of at Injury
etal.(a) players (N = 270 without Each workload spike tennis training/match play: least 40 on the N=44
2022 pain at baseline): o Shoulder complaint: OSTRC-O (self- Complaint
+ Age=145:2 o HRR=126(113-140) reported) N =90
e Males=58%(N=176) e Shoulder iniury: Complaint - ascore
A
*  Height=169.8+112cm of at least 20 on the
o Weight=583+127kg ° HRR=126(115-139) OSTRC-O (self-
o Hours/week tennis train- Each workload spike Fitness training: reported)
ingin2017=9.5+3.8 e Shoulder complaint:
e Hours/week fitness train- o HRR=1.11(1.02-1.20)
ingin 2017 =3.8+2.5 «  Shoulder injury:
> HRR=1.18(1.09-1.27)
Accumulated workload spike in fitness training and/or
tennis training/match play:
e Shoulder complaint:
> HRR=1.23(1.12-1.36)
e Shoulder injury:
o HRR=1.22(1.12-1.34)
Workload/age ratio (0.9-1.1)
. houlder complaint:
e HRR=1()
e Shoulder injury:
e HRR=1()
Workload/age ratio (<0.9)
e Shoulder complaint:
e HRR=106(0.40-2.82)
e Shoulder injury:
e HRR=0.66(0.36-1.21)
Workload/age ratio (>1.1)
e Shoulder complaint:
e HRR=1.64(0.60-4.49)
e Shoulder injury:
e HRR=0.77(0.39-1.54)
Johansson N =269 Risk of shoulder overuse injury(for every 10 unit Injury (overuse) - a N=44
etal. (b) o Female =114 (42%) increase on AIMS): score of less than or
2022 o Age=145:2 o Adjusted HRR = 0.89 (0.36-2.20) equal to 40 on the
e Years of playing tennis = Playing through pain (for every 10 unit increase on OSTRC-O (self-
85:26 AIMS): reported)
*  Everexperienced shoul- o Adjusted OR = 2.41(0.74-8.96)
der pain while playing
tennis = 143 (53%)
Lawrence e Team gamesincluded = Increased risk of shoulder injury for team games played Injury - Official N =357
2016 960 on grass vs turf: National Football (29.5%)
e  Total number of injuries = e Incidence rate ratio = 1.36 (1.02-1.81) League injury report
4133 and reserve data
e Total athletes = 1654
e Games with ashoulder
injury = 283
e Total number of shoulder
injuries = 357
Matsuura Youth Baseball Players (multivariate analysis) Pain - asked if they N=165
etal.2017 e N=900 Training hrs per week: had experienced (18.3%)
e Training hrs per week: e >16but<36: shoulder pain that
o >16but<36=284 - OR=200(1.07-3.92) kept them from
. . . . participation greater
e History of shoulder pain History of shoulder pain: than or equal to 1 day
= .122 ) e OR=3.34(2.16-5.17) (self-reported
e History of elbow pain = History of elbow pain: questionnaire with
187 e OR=153(100-2.31) help from coach and
e Pitcher = 107 B or parent)
Pitcher: P
e Catcher=96 itcher:
e OR=299(1.65-5.43)
Catcher:
e OR=202(1.07-376)
McKenna Shoulder Group (adjusted odds ratios for multivariate logistic regression) Pain - self reported N=11
etal. 2012 (n=46) BMI (kg/m2): questionnaire one

Adolescent swimmers no
pain:

e OR=148(1.00-2.19)
Inferior Kibler in abduction (mm):

year after initial
contact asking yes or
no to the question:
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Study Subjects Risk Factors Pain/Injury Incidence of
Definition Shoulder
Injury
o Female gender = (23 of e OR=0.90(0.83-0.97) “Have you had any
35) Humeral head in neutral (mm): painin your Sh‘,’i"der
* Age=145(14) e OR=076(0.59-0.98) in the last year?
e Timeasaswimmer =3.6
(2.6) years
e Height=1.65(0.09) m
e Weight=54.7(10.4) kg
e BMI=19.8(2.3) kg/m?
Adolescent swimmers
with pain:
e Femalegender = (7 of 11)
o Age=149(17)
e Timeasaswimmer=4.7
(2.3) years
e Height=1.65(0.09) m
o  Weight=57.9(9.7) kg
e BMI=21.3(2.2) kg/m?
Control Group
(n=39)
Adolescent non
swimmers no pain:
e Female gender = (18 of
27)
o Age=142(15)
e Timeasaswimmer =NA
e Height=1.62(0.08) m
e Weight=53.0(9.3)kg
e BMI=20.0(2.4) kg/m?
Adolescent non
swimmers with pain:
e Female gender = (6 of 12)
o Age=148(10)
e Timeasaswimmer =NA
e Height=1.66(0.09) m
o  Weight=59.2(9.9) kg
e BMI=21.4(2.7) kg/m?
Mgiller et al. Youth Handball Players Increase in handball load by >60%: Injury - any handball- N =68
2017 o N=679 (44% female) e HR=1.91(1.00-3.70) related shoulder
*  Age:14-18yrs Increase in handball load by >60% with reduced ER problem irrespective
strength: of the need.fortlme
loss or medical
e HR=42(14-12.8) attention
Increase in handball load by 20-60% with reduced ER
strength:
e HR=4.0(1.1-15.2)
Increase in handball load by 20-60% with scapular
dyskinesis:
e HR=48(1.3-183)
Murphy et Female Cricket Players (multivariate analysis) Injury - unable to N =14 (12%)
al. 2020 e N=114 Shoulder IR:ER strength ratio dominant: throw or function
o Agel(years)=260+4.4 e OR=179(112-288) due to shoulder
e Height(cm) = 168.9 6.0 injury even if they are
o Weight (kg) = 66.7 + 6.7 still available to play
Owens et N =714 participants 1° increased Glenoid retroversion (controlled for hx of Glenohumeral N =46
al.2013 Male: instability): Instability (anterior) - shoulders
e N=630 e HR=1.17(1.03-1.34) acute anterior (39 anterior)
* Age=188%10y Participants in upper quartile for Glenoid retroversion dislocations were
* Height=178.5+7.5cm (controlled for hx of instability): doc:men;ed'ar:\d
o  Weight=76.1+129kg e HR=583(1.11-30.65) (cjon rme vs{|t
locumentation of
Female: Increase ER strength in adduction: reduction maneuver
* N=84 e HR=106(1.01-1.12) by a healthcare
* Age=187:09y Increased ER strength 45° abduction: Zrc:vide‘r. S(Lle;luxation
o Height=1654+7.0cm - etermined by
. Weigght =632+9.1kg | RoLO7001149 . history, physical
- . Increased IR strength in adduction: exam findings,
Events: e HR=1.05(1.00-1.11) imaging results and
e Glenohumeral Instability IR to ER strength ratio at 45°: surgical findings if
Events'= 46 - e HR=0.97(0.96-0.99) surgery was
e Posterior Instability performed
Events=7
Owens et N = 714 participants Apprehension sign: Glenohumeral N=46
al.2014 Male: e HR=2.96(1.48-5.90) Instability (posterior) shoulders

- acute posterior

(7 posterior)
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Study Subjects Risk Factors Pain/Injury Incidence of
Definition Shoulder
Injury
e N=630 Relocation sign: instability events
e Age=188%10years e HR=4.83(1.75-13.33) were determined by
e Height=1785+75cm Glenoid Height to width ratio: :)'(s;;rz‘nﬂ;zzscal
o  Weight=76.1+129kg e HR=8.12(1.07-61.72) imaging results and
Female: Glenoid height to width ratio >1.58: surgical findings if
* N=84 o HR=2.64(128-534) surgery was
° Ag.e =18.7x09years Increased coracohumeral interval size: performed. No
e Height=165.4+7.0cm posterior
e Weight=63.2+9.1kg ¢ HR=120(108-1.34) dislocations occurred
Events:
e Glenohumeral Instability
Events =46
e Anterior Instability
Events = 39
Plummer et Minor League baseball Pitcher hip abduction asymmetry strength (continuous Injury - examined and N=9
al. 2022 players for every 5% increment): diagnosed by sports (5 pitchers
+ N-=188total subjects o RR=124(1.06-1.46) medicine staff. and 4
o N=98npitchers Having occurred as a position
Injured (N = 12); re;ult of baseball, players)
missed at least one
o Age=21.3+2.6years day of practice or
e Height=186.3+7.6cm game and diagnosed
o  Weight=86.2+9.2kg with injury to the
e YearsinMiLB=33+1.6 shoulder of the
e Priorinjury = 33.3% throwing arm (Upper
e Hxof sxonthrowingarm extremity injuries
=0% included both elbow
e  Hipasymmetry ratio = and shoulder but
15.6+14.4% data was reported
e Lead legstronger than separate in
trail leg = 33.3% discussion)
Non-Injured (N = 86):
e Age=22+23years
e Height=188.3+6.3cm
o Weight=91.8+115kg
e YearsinMiLB=3.7+2
e Priorinjury =25.6%
e Hxofsxonthrowingarm
=15.1%
e Hipasymmetry ratio = 10
+9.6%
e Lead legstronger than
trail leg =47.7%
Struyfetal. Recreational overhead Pain-free versus pain developed: Pain - any physical N =25 (22%)
2013 athletes o Scapular upward rotation at 45° humeral abduction: complaint during the
e N-=originally 196 . OR=1038 past month lasting
¢ :le;lfjs\?vn:zletmg 2 e Scapular upward rotation at 90° humeral abduction: :ﬁ;sf:n:;’;L%Tjgﬁ;
> OR=0986 competition or
e Men=54 P .
. Women<59 tra|n.|ng. Dld.not
require medical
*  MeanAge=17-64(12) attention or loss of
years time (self-reported)
e Left-handed =12
e Right-handed = 101
Walker et Competitive Swimmers: Significant shoulder injury adjusted for swim km: Pain/Injury - N =28
al.2012 e N=74 o LowER(<93%): significant interfering (Significant
§igniﬁcqnt Male: . OR=325(27-389.6) shoul.der pain defined interfering
interfering . as pain that shoulder
shoulder e N=37 * HighER(>100%: interfered with pain)
pain (SIP) = o Age=16=3years o OR=354(2.8-441.9) training, competition, N=17
pain * Height=175+14cm e Pasthistory: or progression in (Significant
interf‘ering Female: - OR=11.3(2.6-484) train.ing apd caused a §houlder
iceil;zltrifn / : Zg_eszﬁ £ Syears Significant shoulder injury unadjusted for swim km: ?ezcsj;ﬁtic::gfn t?z:inin e injury)
modificatio) o Height =166+ 6cm ¢ LowER(<93°) or racing. significant
wit'h' Shoulder ROMs: o OR=24.9(2.3-262.6) shoulder injyry )
training e HighER(2100°): shoulder pain lasting

/competition
or
progression
of training
Significant
shoulder
injury (SSI) =
any SIP

o LeftIR(°)=54+8

e RightIR(°)=53+8

o LeftER(®)=96+9

e RightER(°)=97+8

o Leftlaxity(mm)=29+4
e Rightlaxity(mm)=29+4
Reported Significant
interfering shoulder pain

o OR=23.0(2.2-236.8)
e Pasthistory:
> OR=10.0(2.5-39.2)

Significant interfering shoulder pain adjusted for swim
km:

o LowER(<93%):

for at least two
weeks was used as
well.
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Study Subjects Risk Factors Pain/Injury Incidence of
Definition Shoulder
Injury
episode =28 OR=125(25-62.4)
lasting at Reported Significant e HighER (2100°):
least 2 shoulder injury = 17 - )
weeks OR=8.1(1.5-42.0)
Past history e Pasthistory:
defined as OR=4.1(1.3-13.3)
history of Significant interfering shoulder pain unadjusted for
shoulder swim km:
injury in o).
past 12 o LowER(<93°):
months OR=11.1(2.4-51.6)
e HighER(2100°):
OR=5.9(1.3-28.05)
e Past history:
not reported
Wilk et al. Male major league Shoulder Injury: Injury - player placed N=51(17%)
2015 baseball players: ¢ Insufficient ER (<5° greater ER in throwing shoulder): on the disabled list pitchers
e N=296 OR=22(1.2-4.1) for any throwing (total of 75
. | shoulder injury shoulder
Injured group: Shoulder Surgery: injuries)
* Age=250(51) e Insufficient ER (<5° greater ER in throwing shoulder):
e Height (meters) = 1.9 OR=4.0(1.5-12.6)
0.1)
e Mass(kg)=91.2(11.1)

Abbreviations: cm; centimeters, kg; kilograms, m; meters, ER; external rotation, OR; odds ratio, N; newtons, IR; internal rotation, GIRD; glenohumeral internal rotation deficit, OS-
TRC; Oslo shoulder trauma research center, ABD; abduction, HRR; hazard risk ratio, TROM; total range of motion, Hx; history, OSTRC-O; Oslo shoulder trauma research center
overuse, AEs; athletic exposures, BMI; body mass index, HR; hazard ratio, sec; seconds, RR; risk ratio, AIMS; abnormal involuntary movement scale, hrs; hours, m; meters, mm; mil-

limeters, NA; not available, sx; symptoms, ROM; range of motion

duction during humeral elevation in the frontal plane were
significant for developing shoulder pain.34

RANGE OF MOTION

Both increased and decreased ROM in certain movements
were found to increase the risk of shoulder pain or injury
depending on the sport and in some cases sex.

Handball: A difference of >7.5° for external shoulder
ROM on the dominant throwing shoulder (OR 4.1
[1.1-15.4]), compared to the non-dominant, demonstrated
increased shoulder injury risk in handball players, irrespec-
tive of sex. A loss of >7.5° in the dominant throwing shoul-
der for men (OR 0.61 [0.5-0.8]) demonstrated a protective
factor against shoulder injury, while a loss of 7.5° for
women (12.50 [1.4-114.6]) demonstrated an increased risk
of shoulder injury in handball players. The authors of this
handball study surmise that the differing findings are likely
due to a difference in exposure, pathomechanics and injury
mechanics among male versus female handball players.20
In another handball study of 344 players (Female: 172;
Male: 172) when stratified by sex, females that had de-
creased total ROM on their dominant shoulder compared to
the non-dominant shoulder demonstrated no difference in
hazard of arm injury (HR: 1.30 (0.59-2.83)). Males that had
decreased total ROM on their dominant shoulder compared
to the non-dominant shoulder demonstrated no difference
in hazard of arm injury (HR: 0.77 (0.33-1.81).22

Swimming: Decreased shoulder flexion on the dominant
shoulder did not demonstrate increased shoulder injury risk
(OR 0.96 [0.918-1.004]) in competitive swimmers. Low
shoulder external rotation (swimmers with <93° of external
rotation) or high shoulder external rotation (swimmers
with >100° of external rotation) both demonstrated in-

creased risk of shoulder injury (Low: OR 11.1 [2.4-51.6];
High: OR 5.9 [1.3-28.05]) in competitive swimmers.27

Baseball: Among 296 professional baseball pitchers, in-
sufficient external rotation, defined when a pitcher had 90°
of abduction in the scapular plane of the throwing shoulder
that was at least 5° greater than the non-throwing shoul-
der, demonstrated an increased risk of shoulder injury (OR:
2.2 [1.2-4.1]) and shoulder surgery (OR: 4.0 [1.5-12.6]). To-
tal rotational deficit (OR:1.5 [0.8-2.8]; OR: 0.8 [0.3-2.1]),
GIRD (OR: 0.6 [0.2-1.5]; OR: 0.5 [0.1-1.7]), and flexion
deficit (OR: 0.6 [0.2-1.4]; OR: 0.7 [0.2-2.3]) demonstrated
no significant difference in shoulder injury or surgery re-
spectively.’

Cricket: In a sample of 115 female cricketers, dominant
shoulder internal rotation ROM (OR: 0.98 [0.94-1.01]) and
total ROM (OR: 0.99 [0.97-1.01]) demonstrated no differ-
ence in arm injury odds.32

STRENGTH

Decreased dominant shoulder isometric absolute (OR:
10.70 [1.2-95.6] per 10 N) and body weight normalized
strength (OR: 1.2 [1.0-1.4] per 0.1 N/kg) demonstrated in-
creased risk for shoulder injury in handball players, irre-
spective of sex.20 Decreased ratio between the dominant
shoulder external and internal rotation shoulder strength
(OR 1.2 [1.1-1.5]) demonstrated an increased risk of shoul-
der injury in handball players.20 In another handball study
of 344 players (Female: 172; Male: 172) when stratified by
sex, females that had decreased isometric external rotation
and internal rotation strength on their dominant shoulder
compared to the non-dominant shoulder demonstrated in-
creased hazard of arm injury (External Rotation: HR: 2.37
[1.03-5,44]; Internal Rotation: HR: 2.40 [1.06-5.61]). Males
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Table 3. Risk of Bias Scores

Author Study Study Prognostic Factor Outcome Study Statistical Analysis and Overall
Participation Attrition Measurement Measurement Confounding Reporting Score

Achenbach et al. Moderate High Moderate Moderate High Moderate Moderate
2019
Asker et al. 2020 Low Low Low Low Low Low Low
Asker et al. 2022 Low Moderate Low Low Low Low Low
Bullock et al. 2022 Low Low Low Low Low Low Low
Edouard et al. Low Low Low Low Low Low Low
2013
Feijen et al. 2020 Low Moderate Moderate Low Moderate Low Moderate
Johansson et al. Low Moderate Low Low Low Low Low
2021
Johansson et al. Low Moderate Low Low Low Low Low
2022
Lawrence et al. Moderate Moderate Moderate Low Moderate Low Moderate
2016
Matsuura et al. Low High Low Low High Low Moderate
2017
McKenna et al. Low Moderate Moderate Low Low Low Low
2012
Moller et al..2017 Low High Low Moderate High Low Moderate
Murphy et al. 2019 Low Moderate Low Low Low Low Low
Owens et al. 2013 Low Low Low Low Low Low Low
Owens et al. 2014 Low Low Low Low Low Low Low
Plummer et al. Low Moderate Low Low Low Low Low
2022
Struyfetal. 2014 Low Moderate Low Low Low Low Low
Walker et al. 2012 Moderate Moderate Low Moderate Low Low Moderate
Wilk et al. 2015 Low Low Low Low Low Low Low
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with decreased isometric external rotation and internal ro-
tation strength on their dominant shoulder compared to
the non-dominant shoulder demonstrated no difference in
hazard of arm injury (External Rotation: HR:1.02
[0.44-2.36]; Internal Rotation: HR: 0.74 [0.31-1.75]).22 A
smaller study (n=16) of female handball players demon-
strated a significant increase in relative risk of shoulder
injury when an overall muscular imbalance was present
within the rotator cuff RR: 2.57 (1.60-3.54).23

Increased posterior shoulder muscle endurance on the
dominant shoulder demonstrated decreased shoulder in-
jury risk (OR 0.96 [0.916-0.998]) in competitive swim-
mers.25

Dominant shoulder internal rotation strength (OR: 1.00
[0.98-1.02]) and total ROM (OR: 0.99 [0.97-1.01]) or exter-
nal rotation strength (OR: 0.98 [0.96-1.01]) demonstrated
no difference in arm injury odds in female cricketers.32

Asymmetric hip strength demonstrated increased risk
of shoulder injuries (RR 1.24 [1.06-1.46]) in professional
pitchers.1?

BEHAVIORAL FACTORS
PAIN PROFILE

Youth baseball pitchers that had a history of shoulder pain
(OR 3.34 [2.16-5.17]) or elbow pain (OR 1.53 [1.00-2.31])
demonstrated increased risk of sustaining a shoulder in-
v, 18

jury.

PREVIOUS INJURY

A previous trunk or lower extremity injury in the same sea-
son increased hazard of shoulder injury (HR 2.6 [1.2-5.6])
in professional baseball pitchers.!” Sustaining a previous
shoulder injury increased hazard of subsequent shoulder
injury (HR 9.3 [1.1-83]) in professional baseball pitchers.1?

PSYCHOLOGICAL FACTORS

There was no association in Athletic Identity Scores and
shoulder injury (HRR 0.89 [0.36-2.20]) in competitive ado-
lescent tennis players.2?

ENVIRONMENTAL FACTORS
PHYSICAL ENVIRONMENT

American football players that played on grass demon-
strated an increase in shoulder injury rates (Incidence rate
ratio 1.36 [1.02-1.81]).33

SPORT SPECIFIC FACTORS
TRAINING LOAD

Increased acute:chronic workload ratio increased shoulder
injury risk (OR 4.31 [1.001-18.537]) in competitive swim-
mers.25

Each workload spike in competition (HRR 1.26
[1.15-1.39)), fitness training (HRR 1.18 [1.09-1.27]), and or

training/competition (HRR 1.22 [1.12-1.34]) increased
shoulder injury hazard in tennis players.28

Increased training hours between 16 and 36 hours a week
demonstrated increased shoulder injury risk (OR 2.00
[1.07-3.92]) in youth baseball players.!8

Increasing training load by over 60% per week, demon-
strated increased hazard of shoulder injury (HR 1.91
[1.00-3.70]) in youth handball players.24

SHOULDER INJURY PREVENTION PROGRAMS

Incorporating shoulder injury prevention programs reduced
hazard (HRR 0.44 [0.29-0.68]) of shoulder injuries in hand-
ball players.2!

DISCUSSION

Nineteen studies met the inclusion criteria for this review.
There were a number of studies excluded because of the
presence of shoulder pain at baseline or not able to be de-
termined as described by the authors, and data that were
not able to be separated out specific to shoulder as many
investigated arm pain or combined both shoulder and el-
bow pain within their data. The risk of bias among the in-
cluded studies was rated from moderate to low overall with
no single study being identified as high risk of bias. Addi-
tionally, no study had more than two areas scored as high,
with the areas of study attrition and study confounding be-
ing the only areas for any studies that were rated as high
risk of bias.

Within the included studies, the first-time incidence of
shoulder pain among athletes was found to be associated
with the following risk factors; ROM, strength, pain, previ-
ous injury, and training load. It is important to note that
these variables were investigated among various overhead
sports, each requiring unique demands of the shoulder
complex. Methods for quantifying these variables were not
consistent among all studies. For example, strength was
measured using different techniques such as handheld dy-
namometers and isokinetic testing devices, differing types
of strength were also quantified such as isometric, eccen-
tric, and reported in a variety of formats such as ratios,
normalized to body weight, and absolute strength. Addi-
tionally, none of the 19 studies utilized the same definition
for injury and or pain, with variations including location,
time missed from competition or practice, needing to seek
care from a medical provider, or utilizing a specific outcome
measure. Inconsistencies in the definition of injury or pain
make it difficult to move forward in this area of research
regarding risk factors associated with shoulder injuries or
pain and there needs to be a shift towards improving this
shortcoming.3°

Range of motion results exhibited the unique demands
of each sport examined as they relate to risk factors. The
risk factors for handball were seen in specific ranges of ex-
ternal rotation while among swimmers it was low and high
shoulder external rotation that increased injury risk. Base-
ball players had increased risk around a variety of ranges
including horizontal adduction, internal rotation, and ex-
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ternal rotation. These results suggest that there may be
value in athletes exhibiting a certain degree of ROM specific
to their sport and its demands on the shoulder complex to
prevent shoulder injury. The concept of ROM requirements
for a specific sport and position has been widely studied
among baseball pitchers where the incidence of shoulder
and elbow injuries is significantly greater for those with
glenohumeral joint external rotation and internal rotation
asymmetries compared to the non-throwing shoulder.536;
37

Strength was also examined among the same three
sports as ROM. A decrease in strength, whether compared
bilaterally, as a ratio, or below normative values when
available, has long been thought to be a risk factor for in-
jury. Examining various forms of strength throughout the
entire kinetic chain is often part of various screening mech-
anisms for athletes and may form a foundation for the de-
velopment of broad or specific training programs through-
out the course of their season designed to reduce the risk
of injury.13 Among handball players increased risk was as-
sociated with decreased isometric absolute strength, body-
weight normalized strength, and the ratio of external to
internal rotation strength all compared to the non-dom-
inant side. Reduced endurance of the posterior shoulder
musculature was more revealing of risk for swimmers while
among professional baseball pitchers it was asymmetrical
hip strength that increased the risk of shoulder pain.

Having experienced pain in the elbow or shoulder or
having a previous upper or lower extremity injury also re-
sulted in an increased risk of shoulder injury among ado-
lescent and professional baseball pitchers respectively. The
relationship between previous injuries, whether it be to the
shoulder, elbow, lower extremity, or trunk has not been ex-
tensively studied. Evidence of this risk factor is primarily
seen in youth and professional baseball pitchers. The hy-
pothetical rationale for this phenomenon is found within
the extreme demand of the entire kinetic chain in order
to achieve high pitch velocity. A “weak link” in the kinetic
chain from a prior injury along with fatigue, over the course
of an exposure or season, may increase the load on the up-
per extremity, particularly the shoulder and elbow.17:38,39

Examining the modifiable risk factors may assist with
the development and implementation of injury prevention
programs for overhead athletes. A systematic review by
Wright et al.® investigating the effectiveness of shoulder
injury prevention programs in overhead athletes identified
only three of the seven studies actually being able to reduce
injury in the overhead athlete population.40-42 Modifiable
risk factors included in the prevention programs consisted
of strength and mobility in two%042 of the studies and
strength only in one?! of the studies. Both strength and
ROM are modifiable risk factors identified through the cur-
rent review of the literature in both the handball and base-
ball population. One modifiable risk factor that appeared
across baseball, handball, swimming, and tennis was train-
ing load.18:24,25,28 There are many variables that factor into
an accurate account of training load for athletes, which is
often times under estimated. Examining exposure and dose
as part of training load is a good first step but requires a de-

tailed approach to each athlete and their specific position/
sport demands .43-45 Although not something that could be
implemented from an athletes training perspective, aware-
ness and monitoring of training load by the coaching and
sports medicine staff, where available, could help to further
mitigate shoulder injuries.

The results of the current review suggest that even
among overhead athletes, there are not only unique risk
factors for shoulder pain but each of those risk factors is
different for each sport. Although this may appear intu-
itive, these findings support the need for individualization
of sports screening and injury prevention programs among
different overhead sports and positions where appropriate.
Considerations for moving forward in this area of research
have been provided as they relate to risk factors associated
with shoulder pain and injury within the athletic popula-
tion based on the findings of the current study. (Table 4).

LIMITATIONS

One of the limitations of this study is the restrictive inclu-
sion and exclusion criteria to investigate the specific aim
of this study. Additionally, being able to determine stud-
ies where athletes were not experiencing pain or injury at
baseline was not always clear as well as the variability in
the definitions of injury and pain and how risk factors were
measured. Finally, only studies published in the English
language were included.

CONCLUSION

The results of this systematic review suggest that there are
a number of modifiable risk factors associated with the new
onset of shoulder pain among athletes from various over-
head sports, including range of motion, strength, and train-
ing load. These findings may be used to tailor sport specific
screens and injury prevention programs to address areas
such as ROM, strength, and training load in order to miti-
gate shoulder injury risk. These findings are supportive of a
“drilling down” approach to risk factors specific to body re-
gion, sport, and where applicable, position. Future research
would benefit from determining and or adhering to specific
definitions of injury and using these uniformly in methods
used to quantify possible risk factors.
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Table 4. Key findings and considerations going forward in the area of risk factors associated with shoulder pain
and injury in the athletic population

Key Findings
Modifiable Range of motion - depending on the sport, and position, both increased and decreased range of motion in certain
Risk movements have been shown to increase the risk of shoulder pain and or injury among handball, swimming, baseball

Factors and cricket athletes

Strength - decreased strength as well as asymmetrical strength in local and regional shoulder musculature across
various sports was shown to increase the risk of shoulder pain and or injury. Additionally, asymmetrical hip strength
in professional baseball pitchers demonstrated an increased risk of shoulder injuries

Training load - an increase in competition as well as training was shown to Increase shoulder pain and or injury risk
among swimming, tennis, baseball, and handball athletes

Non- Local and or regional musculoskeletal pain - history of pain in the elbow and shoulder of youth baseball players
modifiable presents an increased risk for shoulder injury

Risk . R - . R R -
lei:tors Previous injury - history of an injury at the trunk, lower extremity and shoulder increase the risk of shoulder injury

among professional baseball pitchers

Considerations Moving Forward

Utilize a consistent and well-defined definition of injury and pain using appropriate parameters

Differentiate between pain and injury based on previously established and accepted definitions

Separate data and findings into both shoulder and elbow categories when investigating risk factors related to “arm” pain and injury

Clearly define and account for athletic exposures based on previously established and accepted definitions

Utilize valid and reliable methods to objectively measure variables considered to be risk factors. Additionally, developing valid,
reliable and meaningful methods that do not exist to quantity variables (ie. athlete fatigue, true pitch counts in baseball, etc.)
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