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ABSTRACT
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Shoulder injuries attributed to resistance training: a brief review.

J Strength Cond Res 24(6): 1696–1704, 2010—The popularity

of resistance training (RT) is evident by the more than 45 million

Americans who engage in strength training regularly. Although

the health and fitness benefits ascribed to RT are generally

agreed upon, participation is not without risk. Acute and chronic

injuries attributed to RT have been cited in the epidemiological

literature among both competitive and recreational participants.

The shoulder complex in particular has been alluded to as one

of the most prevalent regions of injury. The purpose of this

manuscript is to present an overview of documented shoulder

injuries among the RT population and where possible discern

mechanisms of injury and risk factors. A literature search was

conducted in the PUBMED, CINAHL, SPORTDiscus, and

OVID databases to identify relevant articles for inclusion using

combinations of key words: resistance training, shoulder,

bodybuilding, weightlifting, shoulder injury, and shoulder

disorder. The results of the review indicated that up to 36%

of documented RT-related injuries and disorders occur at the

shoulder complex. Trends that increased the likelihood of injury

were identified and inclusive of intrinsic risk factors such as joint

and muscle imbalances and extrinsic risk factors, namely, that of

improper attention to exercise technique. A majority of the

available research was retrospective in nature, consisting of

surveys and descriptive epidemiological reports. A paucity of

research was available to identify predictive variables leading to

injury, suggesting the need for future prospective-based

investigations.

KEY WORDS shoulder pain, resistance training injury, body-

building, weightlifting

INTRODUCTION

T
he popularity of resistance training (RT) is reflected
by the more than 45 million Americans who
participate in some form of resistance training
regularly (14). The Centers for Disease Control

analyzed data from the National Health Interview Survey to
determine the prevalence of strength training in the adult
population from 1998 to 2004, and estimated that nearly
20% of adults aged 18–65 years participate in some form of
resistance training 2 or more times a week (14). Resistance
training has been advocated as a means of developing
musculoskeletal strength for sports (6,24), rehabilitation of
injuries (4,22), and for various health and fitness benefits
(3,23,72). Although the health and performance benefits
ascribed to RT are well documented, the pursuit of these
benefits have not been without risk as a considerable number
of RT-related injuries have been reported in the literature
(27,35,36,41,61,62). The incidence of injuries attributed to
RT has increased over the past decade, with 25–30% of
participants reporting an injury severe enough to seek medical
attention (59,79). Moreover, in the past few decades, the
incidence of emergency department visits related to weight-
lifting has increased 35%, with about one-fourth of those
injuries attributed to improper training (35,61).
The shoulder complex in particular accounts for a consider-

able proportion of injuries attributed to RT (11,18,26,27,30–
32,41,57,61,62). Researchers have reported that up to
36% of injuries and disorders in the RT population occur
at the shoulder complex (27,36,41,51). The susceptibility
of the shoulder complex to injury is in part due to the
considerable stress RTplaces on the shoulder joints, requiring
a traditionally non–weight bearing joint to assume the role of
a weight bearing joint during the course of repetitive lifting.
Additionally, common RTexercises often place the shoulder
in unfavorable positions such as end-range external rotation,
while under heavy loads, predisposing the shoulder to both
acute and chronic injuries. Moreover, upper extremity RT
routines often emphasize large muscles that produce obvious
gains in strength and hypertrophy, subsequently neglecting
the smaller muscles responsible for stabilization. This
combination of repetitive loading, unfavorable positioning
and biased exercise selection creates joint and muscle
imbalances, thus may place RT participants at-risk for injury
(30,38,43). Although specific exercises are often cited as the
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cause of acute injury, the etiology of many chronic shoulder
disorders in the RT population remains elusive. The ability of
clinicians and strength and conditioning professionals to
recognize ‘‘at-risk’’ training patterns requires an awareness of
documented injury trends and risk factors.
The purpose of this manuscript is to present an overview

of the literature pertaining to shoulder injuries in the
RT population and to elucidate the etiological risk factors
hypothesized to be associated with themore common injuries.
Where possible efforts were made to delineate the specific
population studied (recreational vs. competitive); however,
a majority of injuries discussed in the literature were common
to all styles of RT; thus, ‘‘resistance training’’ as referred to in
this article pertains to all levels of participation. For the purpose
of this review, the term ‘‘shoulder injury’’ refers to any acute or
chronic shoulder disorder that manifests as pain or interferes
with the performance of RT participation.

Shoulder Injuries

Epidemiological reports cite the shoulder complex as a primary
region of injury with prevalence rates ranging from 22% to 36%
(27,36,41). Keogh et al. (36) investigated injury patterns using
a retrospectively survey of competitive Oceania weightlifters
(n = 101). In their study, the shoulder complex comprised 36%
of all reported injuries and was the region most often affected.
Goertzen et al. (27) investigated both period and point
prevalence of injuries in subjects (n = 358) who participated
in RT and reported the shoulder complex to be the most
prevalent region of injury at 34%. Konig and Biener (41)
surveyed the athletic population on past injuries because of
weight lifting and found that of the reported injuries 22% were
at the shoulder complex. A survey of 60 recreational RT
participants revealed that 60% had reported shoulder pain
during the course of RT in the past year, whereas 28% had pain
during RT in the past 3 days (38).
In addition to prevalence based investigations, numerous

case reports and descriptive studies have documented RT-
related shoulder injuries (1,5,10,12,18–21,26,30,32,43,49,66,67).
Injuries documented in the literature comprised both acute
trauma and nontraumatic musculoskeletal disorders and
consisted of soft tissue injuries, acromioclavicular disorders,
instability, dislocations, and peripheral nerve injuries. The
reported injuries were classified in this review according to the
type of injury and associated risk factors.

Soft Tissue injuries

Soft tissue injuries reported among the RTpopulation primarily
include the rotator cuff (primarily supraspinatus), biceps, and
pectoralis major musculature (5,13,18,19,27,41,51,62,75,76,79).
In a survey of 121 weightlifters who had reported being injured
during the course of RT, 27% reported having a past history of
shoulder pain during lifting, which resulted in limited ability to
exercise for up to 7 days (41). The region of pain most often
identified included the long head of the bicep (at the shoulder
origin) and supraspinatus musculature. Injury patterns in a

sample of 12 amateur lifters referred for a nuclear bone scan
examination were investigated (76). The sample consisted of
subjects who participated in RT primarily as an adjunctive
method to increase strength for sporting activities. Results from
the investigation revealed that most injuries occurred at the
shoulder region and that primary areas of involvement included
the long head bicep and rotator cuff tendons. Cope et al. (18)
reported 3 cases of long head bicep ruptures as a direct result
of RT.
Injuries to the pectoralis major often manifest as acute

trauma. The pectoralis major musculature is a major source of
power during upper extremity exercises and is often a region of
desired hypertrophy leading to concentrated training efforts
directed to thismuscle. Researchers have documentedmultiple
case reports of pectoral ruptures attributed to RT (5,13,75). Bak
et al. (5) conducted a meta-analysis of 112 case reports of
pectoralis major ruptures. From the results of the investiga-
tion, it was found that pectoralis major ruptures most often
occur in the abducted-externally rotated high-five position
(Figures 1A–C), and weightlifting was responsible for 54 of the
112 cases reviewed. Furthermore, 29 of the 112 cases occurred
specifically as a result of bench pressing (5). An investigation of
pectoralis major ruptures resulting from bench press indicated
that the shoulder is most susceptible to rupture during the
lowering-eccentric phase (78). In addition to the bench press,
pectoralis major ruptures have been reported as a result of
other exercises such as bar dips and chest flies (5,13).

Acromioclavicular Joint Injuries

The acromioclavicular joint is subject to increased stress during
the course of upper extremity RT predisposing this joint
to a condition referred to as osteolysis of the distal clavicle
(12,31,62,67,68,71,76). Osteolysis of the distal clavicle also
known as ‘‘weightlifter’s shoulder’’ is characterized by a widen-
ing of the acromioclavicular joint, subchondral stress fractures,
and bone lysis at the distal clavicle where it forms the acromio-
clavicular joint. (12,67,68,79). This condition specifically has
been associated with the bench press exercise as a result of
repeated microtrauma at the acromioclavicular joint during the
lowering phase of the exercise when the arm is extended pos-
terior to the trunk (31). An investigation of 46 athletes diag-
nosed with distal clavicle osteolysis revealed that 45 of the
46 athletes participated in RTexercises (12). Other investigators
reported a 27% prevalence of distal clavicle osteolysis in (67). Yu
and Habib (79) presented a review of the literature regarding
common injuries related to RT that were identified through
magnetic resonance imaging and reported a 28% prevalence of
distal clavicle osteolysis in weightlifters.

Instability and Dislocations

Anterior shoulder instability at the glenohumeral joint
has been documented among the RT population (19,21,30–
32,49,57). Unfavorable positions assumed during common
exercises such as bench press, behind the neck pull-downs,
military presses, and chest flies may predispose the RT
population to anterior shoulder instability (30,62). Shoulder
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positions requiring the humerus to be extended posterior to
the trunk or that require the high-five position place stress on
the anterior shoulder tissues, thus may excessively increase
mobility and over time lead to decreased stability. Gross et al.
(30) examined 20 subjects that were experiencing shoulder
pain during RT. In the investigation, all of the subjects
reported pain when assuming the simultaneous abduction-
external rotation ‘‘high-five’’ position (Figures 1A–C), and
during RT activities such as chest flies and bench press.
Common clinical findings among the subjects included
anterior shoulder instability purported to be a result of
performing exercises that required the arm to be extended
posterior to the trunk or the high-five position (30). Reeves
et al. (61,62) reviewed both acute and chronic injuries
resulting from RT. The authors suggested that extension of
the shoulders past the trunk during bench press or chest flies
contribute to anterior glenohumeral instability. Additionally,
the authors suggested an association between behind the
neck latissimus pull-downs, and both rotator cuff injuries and
anterior shoulder instability. Yu and Habib reported an
increased frequency of anterior instability and subluxation
associated with the bench press exercise as a result of
shoulder positioning (79).
Reports of acute anterior shoulder dislocations associated

with RT have appeared in the literature (19,21,31,32,49).
Although rare among the general and athletic population,
reports of bilateral anterior glenohumeral dislocations
occurring from performance of the bench press exercise
have been documented (19,32,49). Esenkaya et al. (21)
reported a bilateral anterior glenohumeral dislocation in an
individual performing seated behind the neck military
presses, whereas another case report (49) identified a bilateral
anterior glenohumeral dislocation during a benching pull-
over exercise. The shoulder is often dislocated in the high-
five position (referred to as the apprehension position in
the clinical setting); thus, exercises requiring the high-five
position while under heavy loads may predispose the
shoulder to dislocations.

Peripheral Nerve Injuries

Peripheral nerve injuriesmay occur fromRTas a result of both
chronic and acute mechanisms. A variety of causative factors
have been suspected, including improper technique, over-
training, direct trauma, stretch injuries from end-range
positions, and muscle hypertrophy (46). Although the
incidence of peripheral nerve injuries is rare, accounting
for less than 8% of RT injuries (46), specific nerves are more
vulnerable to stretch or compression neuropathy as a result
of their location.
Suprascapular neuropathy has been reported in multiple

case reports among lifters, exceeding the general population
(1,46,81). Reports suggest that the suprascapular nerve is
affected by compression during exercises such as the
military press (46,63). Musculocutaneous neuropathy has
been reported among the RT population as a result of

Figure 1. A) The high-five position. Position places the arm in end-range
external rotation with abduction. B) The seated chest fly machine
requiring the high-five position. C) The behind the neck military press
requiring the high-five position.
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coracobrachialis and brachialis musculature hypertrophy
(9,10,33,46). Braddom and Wolf (10) reported 3 cases of
musculocutaneous neuropathy resulting from heavy re-
sistance training and suggested intramuscular compression
as the mechanism of injury. Long thoracic and medial
pectoral neuropathy have been described in the RT
population, and hypothesized to result from nerve traction
and intramuscular hypertrophy, respectively. Specific ex-
ercises such as the military press and latissimus pull down
have been implicated as causative factors responsible for
long thoracic neuropathy. Lifting weights overhead is
hypothesized to create upward traction on the nerve, thus
causing a stretch induced neuropathy (29,46,58,69,80).
Medial pectoral neuropathy has been reported in the RT
population primarily as a result of pectoral muscular
hypertrophy causing intramuscular entrapment (9,55,66).
Lastly, the lower trunk of the brachial plexus may be
compressed from muscular tightness or hypertrophy of the
anterior scalene, upper trapezius, or pectoralis minor
musculature (46,50). RTparticipants in particular, as a result
of their typical body habitus and exercise, focus may
develop such hypertrophy and tightness that may lead to
neuropathic changes. It should be noted however that the
overall the incidence is rare when compared with other
mechanisms of RT-induced injuries.

Risk Factors

Variables implicated in the etiology of both acute and chronic
shoulder injuries were identified and classified as either
intrinsic or extrinsic risk factors.

Intrinsic risk factors such as aberrant joint and muscle
characteristics that develop as a result of RTare hypothesized to
increase injury risk. Aberrant risk factors found in the RT
population generally included muscle strength imbalances,
anterior shoulder instability, and a loss of mobility as listed in
Table 1. An appropriate balance of agonist and antagonist
muscle strength is necessary to provide sufficient active
stability for maintenance of normal shoulder kinematics.
Exercise selection that emphasizes large muscle groups may
create an imbalance of the internal vs. external rotator cuff
musculature, rotator cuff–deltoid force couple, and scapular
musculature. Muscle strength imbalances interfere with normal
shoulder function and have been associated with shoulder
injury in numerous investigations (15–17,45,48,60,70). Resis-
tance training routines often focus on large muscle groups such
as the pectoralis major, upper trapezius, and deltoids, while
neglecting muscles responsible for shoulder stabilization such
as the rotator cuff and scapular musculature, thus predisposing
participants to injury (6,30,38,39). Researchers have reported
weakness of the stabilizing rotator cuff and scapular muscu-
lature among the RT population (6,38,39). Specifically, when
comparing the shoulder external rotators to internal rotators,
deltoid to external rotators and upper to lower trapezius
muscle imbalances have been identified in the RT population
exceeding that of the general population (38,39).
Shoulder mobility imbalances in individuals who partici-

pate in overhead sports have been described in the literature
(8,53). Overhead motions typically required during RT
position the arm into the abducted and externally rotated
high-five position, which has been associated with shoulder

TABLE 1. Shoulder joint and muscle imbalances associated with RT.

Author
Type of

investigation Participation level
Sample

size Findings

Barlow et al (6) Descriptive investigation
with control group
comparison

Bodybuilders 29 1. Limited internal rotation mobility
2. Lower trapezius strength was not

significantly greater in bodybuilders
when compared to controls

Gross et al (30) Case series Symptomatic weightlifters
described as athletes

20 1. Occult anterior shoulder instability

Kolber (38) Descriptive investigation
with control group
comparison

Recreational RT
participants

60 1. Limited internal rotation mobility
2. Excessive external rotation mobility
3. Posterior shoulder tightness
4. Relative weakness of:

–External rotators compared to
internal rotators

–External rotators compared to
abductors

–Lower trapezius compared to
upper trapezius

5. Occult anterior shoulder instability

*RT = resistance training.
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dysfunction (2,22,25,30,31,53,54,57,62,82). Upper extremity
RT places the shoulder in the high-five position (required
during exercises such as the behind the neck military press
and pull-downs) under heavy loads creating anterior capsular
overload leading to anterior instability and impingement
(30,31,53,54,57). Gross et al. (30) identified anterior shoulder
instability among RT participants and postulated that the
high-five position frequently assumed during exercise was
a contributing factor.
A loss of shoulder internal rotation and posterior capsule

tightness have been implicated as etiological risk factors
for shoulder dysfunction (2,34,37,44,47,56,73,74,77). Resis-
tance training often requires end-range external rotation dur-
ing the more common exercises thus the relative infrequency
of end-range internal rotation during RT results in a relative

loss of internal rotation and posterior shoulder tightness
(38,39). Investigators have identified a statistically significant
limitation of internal rotation in weightlifters when compared
with a control group (6,38,39) thus suggesting RT as a risk
factor for reduced shoulder mobility.
Shoulder injuries in the RT population resulting from

improper shoulder positioning during common exercises
have been well documented in the literature (7,27,28,30,32,
49,51,57,64,65,75,79). Gross et al. (30) investigated anterior

Figure 2. Cross arm adduction stretch designed to increase posterior
shoulder flexibility. Individuals lie on side to be stretched and rolls torso
back about 45� until they are weight bearing on the scapula. Once in
position, the arm is pulled across the body at the level of the pectorals
until a stretch is felt in the posterior shoulder. Stretch is held for
30 seconds and repeated 3 times.

Figure 3. Internal rotation sleeper stretch. Individuals lie on side to be
stretched and rolls torso back about 45�s until they are weight bearing on
the scapula. Their arm is placed at shoulder level and elbow flexed 90�.
Once in position, the arm with assistance of the opposite arm is brought
to the table or mat while maintaining a flexed elbow. Stretch is held for
30 seconds and repeated 3 times.

Figure 4. Prone arm abduction in the scapular plane. Individuals lie
on their stomach (prone) and raise arm up to the diagonal plane while
maintaining a thumb up position.

Figure 5. Standing resisted external rotator strengthening. Individual may
use cables or a resistance band and brings arm from waist out to side.
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instability in a sample of 20 RT participants. In this
investigation, exercises such as wide grip bench press, incline
bench press, incline chest flies, supine chest flies, behind the
neck pull-downs and military presses were identified as pain
producing exercises. Resistance training injury trends from
1978 to1998 were reported in a retrospective review and
revealed a 35% increase in injury rates over the 20-year
period with a high proportion of injuries resulting from
improper use of free weights exceeding that of machines (35).
The author estimated about 25% of the injuries to have
occurred from the misuse or abuse of RT equipment.
Moreover, a gender comparison revealed a higher injury
rate among men than women as men comprised 80.5% of the
documented injuries (35). Risser (65) reviewed the types,
incidence, and causes of RT injuries among children and
adolescents. In this review, the author reported multiple
causes of injuries; however, of note was that many injuries
were attributed to exercises such as squats, dead lifts, bench
press, incline bench press, and overhead presses. The author
reported an increased injury risk when appropriate warm-up,
proper exercise technique, and pain-free resistance were not
adhered to. Haupt (31) discussed common upper extremity
injuries associated with RT and postulated that exercise
selection including bench press, parallel dips, behind the neck
military press, incline bench press, behind the neck pull-
downs, back squat exercise, dumbbell chest flies, and bicep
curls may increase injury risk to the shoulder.

DISCUSSION

Resistance training programs are often performance based as
opposed to prevention based, thus predisposing both the
competitive and recreational participant to injury. Improper
attention to exercise technique, biased exercise selection,

unfavorable shoulder positioning required of the more
common exercises along with the repetitive nature of lifting
heavy weight until failure, increases the likelihood of injury.
Although the specific nature of many injuries was not
identified in the literature, evidence was available to suggest
that acute and chronic injuries may be precipitated by certain
training patterns. Additionally, trends for specific types of
injuries resulting from RTwere identified that may serve the
basis for preventative efforts.
The most common sites of soft tissue injury included the

biceps, rotator cuff and pectoralis major musculature. Of
those cases with a known etiology the bench press was often
implicated as a causative factor along with exercises that
required participants to assume the high-five position. Joint-

Figure 6. Bench press modification using a towel roll to limit the terminal
lowering phase end-range.

Figure 7. Modification of the dumbbell shoulder press exercise. A)
Traditional form requiring the end-range high-five position, B) Modification
to avoid terminal high-five position.
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related disorders included anterior shoulder instability that
was often postulated to be the result of the high-five position
that is assumed during exercises such as behind the neck
military press and latissimus pull-downs. Biomechanically,
the high-five position may lead to overstretching of the
anterior shoulder tissue leading to excessive anterior trans-
lation and thus instability.
Osteolysis of the distal clavicle often referred to as weight-

lifters shoulder because of the increased incidence among
the RT population was often attributed to the bench press.
Peripheral nerve injuries, albeit rare were often precipitated by
a stretch type mechanism or from compression because of
muscular hypertrophy. Because of the body habitus of the RT
population, hypertrophy of the pectorals and brachialis
musculature was responsible for a substantial portion of
compressive neuropathies. Stretch neuropathies were often
a result of positioning the shoulder at end ranges.
In regard to exercise selection, performance of the bench

press was often implicated in shoulder injuries including
osteolysis, soft tissue strains and tears, anterior instability, and
dislocations. The lowering-eccentric phase of the bench
press was postulated to be responsible for many of the injuries
particularly when the arm was lowered below the torso.
Additionally, exercises requiring the high-five position were
associated with anterior shoulder instability, shoulder pain,
dislocations and pectoralis major tears. From a perspective
of shoulder positioning, most injuries with a known positional
mechanism cite either the high-five position assumed during
shoulder presses, behind the neck military presses, and behind
the neck latissimus pull-downs, or the lowering phase of the
bench press when the arms are extended posterior to the torso.
Lastly, RTroutines that focus on large muscle groups while

neglecting muscles responsible for shoulder stabilization such
as the rotator cuff and scapular musculature (6,30,38,39) may
predispose participants to shoulder strength imbalances.
Specifically when comparing the shoulder external rotators
to internal rotators, deltoid to external rotators and upper to
lower trapezius muscle imbalances have been identified in
the RT population exceeding that of the general population
(38,39). The specific strength imbalances have been
implicated in the etiology of shoulder disorders such as
impingement syndrome and scapular dyskinesis in the
general and athletic populations.
Research has identified training variables to improve

strength, performance, and muscle hypertrophy; however,
the etiological risk factors and undesired strength and
mobility adaptations prospectively leading to shoulder injury
and dysfunction have not been thoroughly investigated.
A majority of the documented shoulder injuries identified in
the literature were from retrospective surveys and descriptive
epidemiological reports; thus, it is difficult to posit with
certainty the precise etiological mechanisms of injury in
nontraumatic cases. Additionally, many of the surveys use an
athletic population, so it may be difficult to ascertain the true
etiology of these injuries (sport vs. RT). Some of the common

myths such as low repetitions or heavy weights being
responsible for injuries were not supported in this review.
Moreover, there was no evidence that individuals who lifted
lighter weights and higher reps were less at-risk than the
individual performing 1 repetition maximum or power lifting.
Lastly, RT cannot be grouped as one modality. Although
several surveys delineated the specific level of participation
and exercise selection many did not. One must exercise
caution when interpreting injury surveys because there are
various levels of participation and not all training programs
and designs are of the same intensity and format despite being
labeled as RT.
Future research is necessary to gather evidence-based

guidelines to prevent and alleviate risk factors. With an
understanding of appropriate modifications and alternatives,
the goals of improved conditioning and performance may be
achieved without the associated risks.

PRACTICAL APPLICATIONS

Given the propensity for shoulder injury in the RTpopulation,
it is suggested that known risk factors be addressed a priori as
a means of preventing injury. An awareness of risk factors and
injury trends associated with RT may serve the basis for
evidence-based injury prevention efforts and exercise
modifications.
Exercises that address aberrant joint and muscle character-

istics such as weakness of the rotator cuff and scapular mus-
culature along with mobility restrictions may be incorporated
into current training routines. Incorporating select flexibility
exercises for the posterior shoulder tissue (Figures 2 and 3)may
improve posterior shoulder restrictions and internal rotation
mobility (40,42,52). Additionally, an improvement of posterior
shoulder flexibility may provide for mobility balance in the
abducted-externally rotated ‘‘high-five’’ position to avoid ex-
cessive anterior translation. Strengthening of the rotator cuff
and scapularmusculature into RTroutines will theoretically (a)
balance strength ratios to sufficient levels required for normal
shoulder kinematics, (b) provide stability in the abducted-
externally rotated ‘‘high-five’’ position to avoid excessive
anterior translation, and (c) improve strength of the humeral
head depressors to avoid impingement with overhead
exercises common to RT. Select exercises including the prone
scapular plane abduction exercise and resisted external rota-
tion (Figures 4 and 5) have been found efficacious for
activating both the scapular and rotator cuff musculature, thus
may be of benefit to mitigate muscle imbalances derived from
scapular and rotator cuff weakness.
Lastly, recognizing the association of improper exercise

selection (extrinsic risk) and shoulder dysfunction may
reverse or prevent patterns of injury. Limiting the end-range
positioning on the bench press through the use of a towel roll
or barbell pad (Figure 6) may mitigate risk from the terminal
lowering phase. Moreover, avoiding the end-range ‘‘high-
five’’ position through exercise modifications (Figures 7A, B)
may prevent the development of anterior shoulder instability
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and pain. This may additionally be achieved through the
selection of exercises that require bringing the bar to the front
of the torso (latissimus pull-downs or barbell presses to the
front) instead of behind the neck.
The professions involved in both the prescription of

exercise, and the evaluation and treatment of musculoskeletal
disorders must develop guidelines that optimize safety,
reduce injury risk, and prevent musculoskeletal dysfunction
in the RT population. Injury risk may be mitigated through
changes in exercise prescription and technique; however,
investigations are needed to ensure performance is not
compromised and to determine the true longitudinal benefit
from such modification.
The key points are as follows: (a) Incorporating exercises

to strengthen the lower trapezius and external rotators may
serve to mitigate common strength imbalances associated
with RT. (b) Flexibility exercises designed to increase internal
rotation and improve posterior shoulder flexibility are
recommended to avoid shoulder disorders and provide
balanced joint mobility. (c) Avoiding the true ‘‘high-five’’
position (Figure 1A) with basic technique modifications may
serve useful in preventing more common RT-induced
shoulder disorders.
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