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Abstract: Athletes participating in overhead sports are at particularly high risk of shoulder
impingement syndrome. Subcoracoid impingement is defined as impingement of the anterior
soft tissues of the shoulder between the coracoid process and the lesser tuberosity.
Subacromial impingement syndrome (SIS) occurs due to extrinsic compression of the rotator
cuff between the humeral head and coracoacromial structures or intrinsic degeneration of the
supraspinatus tendon and subsequent superior migration of the humerus. Internal impinge-
ment is a major cause of shoulder pain in overhead athletes, and it occurs due to repetitive
impingement of the articular surface of the rotator cuff with the glenoid during maximum
abduction and external rotation of the arm. When examining athletes with suspected impin-
gement of the shoulder, it is important to discuss the sport-specific motion that regenerates
the symptoms and perform a combination of physical examination tests to improve the
diagnostic accuracy. Radiographic evaluation is recommended, and the extent of soft tissue
abnormalities can be assessed on ultrasound or magnetic resonance imaging of the shoulder.
Management of shoulder impingement syndrome can be conservative or operative, based on
the severity and chronicity of symptoms and the associated structural abnormalities. This
review provides an update on the management of SIS, subcoracoid impingement, and
internal impingement in the athletic population.

Keywords: impingement syndromes, shoulder, subacromial impingement syndrome, joint,
subcoracoid, internal, athletes

Introduction

Shoulder impingement syndrome is commonly diagnosed in athletes with shoulder
pain especially those who participate in overhead and/or throwing activities.'
Different types of shoulder impingement have been described including subacro-
mial impingement, subcoracoid impingement, and internal impingement.’
Subcoracoid impingement refers to the impingement of the anterior soft tissues of
the shoulder (subscapularis tendon, long head biceps tendon, and biceps reflection
pulley) between the coracoid process and the lesser tuberosity and mostly occurs
with the arm in flexion, adduction, and internal rotation.® Subacromial impingement
syndrome (SIS) is a common cause of shoulder pain in the athlete.* A partial or
complete tear of the rotator cuff tendon often accompanies SIS and evaluation of
rotator cuff integrity in these patients is a necessity.” Freestyle swimmers have been
reported to be at increased risk of SIS due to the repetitive microtrauma during the
overhead-cyclic motion of the upper extremities in combination with shoulder
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hyperlaxity.® Internal impingement (impingement of the
undersurface of rotator cuff) conversely is rare in the
general population and is almost exclusively encountered
in athletes. Internal impingement is a major cause of
shoulder pain in baseball players and occurs during the
late cocking and early acceleration phases of throwing
when the rotator cuff is compressed between the greater
tuberosity and posterosuperior labrum.’

The diagnosis and treatment of shoulder impingement
syndrome in athletes can be challenging, given that this
condition (regardless of type) is multifactorial.” Athletes
with a suspected diagnosis of shoulder impingement syn-
drome should be encouraged to demonstrate the specific
motion(s) that trigger their symptoms. Apart from rotator
cuff disease, other conditions that may accompany
shoulder impingement should be ruled out. The last
include but are not limited to glenohumeral instability,
shoulder muscle imbalance, nerve entrapment syndromes,
and scapular disorders.®*® SICK (Scapular malposition,
Inferior medial border prominence, Coracoid pain and
malposition, and dysKinesis of scapular movement) sca-
pula syndrome or scapulothoracic dyskinesis refers to the
abnormal scapula motion that leads to shoulder impinge-
ment and dysfunction. Radiographic evaluation is often
followed by ultrasound or magnetic resonance imaging
(MRI) in athletes with suspected shoulder impingement
syndrome.' Conservative management with physical ther-
apy, oral medication and/or subacromial injections remains
the first-line therapy of impingement syndrome in athletes,
while operative management is preserved for refractory
cases. However, in cases of athletes with impingement
syndrome accompanied by severe rotator cuff pathology
and/or bony abnormalities, surgical treatment may be the
first-line therapy."'

The current review aims to provide a clinical update on
the management of shoulder impingement syndrome in
athletes. We focused on the diagnosis and treatment of
subacromial impingement, internal impingement, and sub-
coracoid impingement syndromes, which are commonly
encountered in the athletic population.

Subacromial Impingement
Syndrome (SIS)

Subacromial impingement syndrome (SIS) is the most
common cause of shoulder pain (accounting for
44-65% of all shoulder complaints) in the general popu-
lation, and it is commonly diagnosed in athletes.* The

pathophysiologic basis of SIS consists of subacromial
space narrowing due to any etiology.'” Similar to the
internal impingement syndrome, the true incidence rate
of SIS in athletes is hard to estimate due to the multi-
factorial character of the disease, and therefore it has not
been reported. SIS has been traditionally classified into
“structural” (primary SIS) or “functional” (secondary
SIS)
abnormalities.'*'* Structural SIS occurs due to bony or

based on the underlying shoulder
soft tissue abnormalities that result in the compression of
the subacromial space structures including the rotator
cuff tendon, long head of biceps, and the subacromial
bursa.'” These anatomical structures can be compressed
between the acromion, acromioclavicular joint, coracoa-
cromial ligament, and the humeral head during the
abduction of the humerus.'* Inmodern literature, “extrin-
sic compression” refers to the compression of the rotator
cuff tendon, and specifically the supraspinatus tendon
which is most likely to contact the acromion with the
humerus in 90° of abduction and 45° of internal rotation
of the arm.'®

The “functional” type of SIS occurs due to muscle
imbalance or rotator cuff disease (loss of the force cou-
ples around the shoulder) and/or glenohumeral instability
that results in superior migration of the humeral head
and narrowing of the subacromial space.!” For example,
intrinsic degeneration of the rotator cuff tendon leads to
decreased (downward) antagonizing force against the
(upward) deltoid force with subsequent superior migra-
tion of the humerus.'” SIS represents a wide spectrum of
shoulder diagnoses including rotator cuff disease, biceps
tendinitis, and subacromial bursitis.!* The association
between SIS and rotator cuff tears has been an era of
controversy over the years between the theories of
extrinsic compression and intrinsic tendon degeneration,
as described above.” Other conditions that may be asso-
ciated with SIS include scapular dyskinesia, posterior
capsular contracture, os acromiale, hook-shaped acro-
mion, malunion of greater tuberosity fracture, and gle-
nohumeral instability. >

Previous studies have shown that functional SIS is
more common in younger patients and overhead athletes,
whereas structural SIS is more prevalent in older
patients.'* When an athlete presents with shoulder pain,
careful consideration of the sport-specific factors that may
contribute to the development of structural lesions related
to SIS is required.'®
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History and Physical Examination

The diagnostic process of SIS begins with obtaining
a detailed history of the athlete’s shoulder injury and per-
forming physical examination. Typically, the athlete with
SIS reports the insidious onset of shoulder pain (weeks to
months) which is exacerbated by arm elevation and/or over-
head activities.'® In most cases, the pain is located anteriorly
and/or lateral to the acromion with or without radiation to
the lateral aspect of the arm (deltoid tuberosity).*'
Tenderness at the Codman point is another sign of possible
SIS.%° The presence of night pain should raise suspicion for
partial or complete tear of the rotator cuff tendon.’’
Shoulder stiffness or weakness are occasionally present.*
In athletes, it is extremely important to explore the sport-
related maneuvers that elicit the SIS symptoms in order to
determine the next steps in the diagnostic process. Freestyle
swimmers have been reported to be at increased risk of
function (secondary) SIS due to shoulder hyperlaxity and
repetitive microtrauma of the subacromial structures, but
also due to muscle imbalance.”*** Throwing sports like
baseball, tennis or water polo also place the athlete’s
shoulder at risk of SIS due to repetitive microtrauma of
the subacromial structures.'

Table 1 presents the physical examination tests that are
commonly performed in patients with suspected SIS. The
diagnostic performance of these tests has previously been
investigated.’***2® The Neer sign is performed by flexing
the arm forward while stabilizing the scapula with the
opposite hand. In a meta-analysis, the pooled sensitivity
of Neer sign for subacromial bursitis (indicative of SIS)
was 72% and the specificity was reported as 60%.
According to the same study, the sensitivity of the
Hawkins-Kennedy test for subacromial impingement was
79% and the specificity was 57%, while the painful arc
test was 53% sensitive and 76% specific for this

condition.?” The diagnostic performance of shoulder phy-
sical examination tests (including those related to SIS) can
be improved by combining two or more tests during
a physical examination, or by combining a test with spe-
cific patient characteristics or symptoms (such as age,
shoulder clicking, and so on).?**® Although the combina-
tion of SIS tests yielded only marginal improvement in
their diagnostic performance (compared to that of an
individual test) in previous studies, performing multiple
recommended in these

diagnostic maneuvers is

patients.>*?

Although the role of scapular kinematics in the patho-
physiology of SIS is still under investigation, previous
research has shown that scapular orientation may be
related to this condition.”® For example, some studies
reported that SIS patients were more likely to present
with upward rotation, increased anterior tilting, and medial
rotation of the scapula compared to asymptomatic con-
trols, while other studies found opposite results or no
difference in the scapular motion between SIS and non-
SIS patients.”” Maenhout et al’° investigated the changes
in acromiohumeral distance on ultrasound and scapular
position using electromagnetic motion-tracking system in
29 recreational overhead athletes who performed
a shoulder muscle fatigue protocol. The authors found
that muscle fatigue resulted in increased acromiohumeral
distance at 45° and 60° of abduction and the scapula
obtained a more externally rotated position. The authors
concluded that muscle fatigue corresponded to an “impin-

In contrast, Silva et al®!

gement-sparing” situation.*
found that tennis players with scapular dyskinesia had
a smaller subacromial space on ultrasound compared to
unaffected athletes. Laudner et al** compared the subacro-
mial joint space in baseball pitchers with various degrees

of posterior shoulder tightness compared to asymptomatic

Table | Positive Interpretation of Commonly Performed Physical Examination Tests in Patients with Suspected Subacromial

Impingement Syndrome (SIS)

Physical Examination Test

Positive Interpretation for the Diagnosis of SIS

Neer impingement sign

Shoulder pain with passive forward flexion of the shoulder > 90°

Neer impingement test

Negative Neer impingement sign following subacromial injection with local anesthetict corticosteroid®

T sign

Shoulder pain with forced elevation of the arm (between flexion and abduction) between 70—110 °

Hawkins test

Shoulder pain with passive forward flexion of the shoulder to 90° with internal rotation

Jobe test (supraspinatus)

Shoulder pain with forward arm elevation to 90° and resisted pronation

Painful arc test

Shoulder pain with active arm abduction between 60°-120°
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professional baseball pitchers, and found a significant cor-
relation between excessive posterior shoulder tightness
with reduced subacromial space on ultrasound.*” The eva-
luation of scapular motion and shoulder range of motion
may be useful in athletes presenting with SIS in order to
determine whether scapular stabilization exercises or
shoulder stretching should be part of the physical therapy
protocol.*’

Imaging

Radiographic evaluation is recommended in patients with
suspected SIS in order to assess for potential bony
abnormalities of the coracoacromial arch. Routine radio-
graphs include the true shoulder anteroposterior (AP)
view, 30° caudal tilt view, outlet supraspinatus view, and
the axillary view.>'® The 30° caudal view is useful to
diagnose subacromial spurring. The supraspinatus outlet
view allows for the evaluation of the acromial
morphology.'® SIS is most commonly associated with
type III (hooked) acromion (Bigliani classification).** Os
acromiale is best seen on axillary view.” Other radio-
graphic findings may include coracoacromial ligament
classification and/or cystic changes of the greater
tuberosity.”*° MRI is performed in the majority of patients
with SIS in order to evaluate the structural integrity of the
rotator cuff tendon, diagnose subacromial bursitis and/or
identify additional soft tissue pathology. Ultrasound of the
shoulder can also be useful for the same purpose, but MRI
provides a more detailed visualization of the lesions and
aids in surgical decision-making. However, musculoskele-
tal ultrasound may be useful in the athletic population
given its low-cost and the ability to be performed on the

field using a portable device.

Treatment

The management of SIS in athletes can be non-operative
or operative, and it largely depends on the associated
structural lesions of the shoulder at the time of diagnosis.
In patients with SIS, a 3—-6-month trial of conservative
therapy is the mainstay of treatment. Non-operative ther-
apy consists of the combination of physical therapy, oral
anti-inflammatory medications and/or subacromial injec-
tions. Physical therapy should focus on strengthening of
the rotator cuff muscles as well as scapular stabilization
exercises especially in athletes with concomitant scapular
dyskinesis. Athletes with the SICK scapular syndrome are
at higher risk of shoulder instability and rotator cuff injury,

compared to patients with normal scapular mechanics.**

Physical therapy in athletes with SICK scapula syndrome
should focus on core strengthening, as well as strengthen-
ing of the rotator cuff and scapula stabilizer muscle
groups.>> A sport-specific rehabilitation program that
includes the teaching of proper throwing technique with
emphasis on core-upper extremity coordination is impor-
tant in order to prevent the progression of the shoulder
pathology in athletes with SICK scapula syndrome.'®*® In
the study by Kuhn et al, an exercise program resulted in
decreased pain and improved shoulder function in patients
with rotator cuff impingement; however, it did not have
a significant effect on shoulder range of motion or muscle
strength.’” A recent systematic review examined the effect
of clinical taping in addition to physical therapy in patients
with SIS but failed to demonstrate a clear benefit of this
intervention.*®

Subacromial injections with local anesthetic and/or
corticosteroid are more commonly performed in patients
with SIS for both diagnostic and therapeutic purposes.
Subacromial platelet-rich plasma (PRP) injection has also
been proposed as a potential treatment; however, recent
studies have failed to demonstrate a significant benefit in
SIS patients.**** According to Say et al, subacromial
injection with corticosteroid in SIS patients resulted in
greater improvement in shoulder function (Constant
score) and pain (VAS) at 6 weeks and 6 months post
injection, compared to a single dose of PRP injection.*
It is important to note, that the above studies were not
exclusively performed in physically active patients and
more research is needed in order to determine the optimal
treatment of SIS in athletes.'’

Surgical therapy consists of open or arthroscopic sub-
acromial decompression with acromioplasty. Surgery is
only indicated when the nonoperative measures (physical
therapy) fail to improve the patient's symptoms. Although
acromioplasty and subacromial decompression are routi-
nely performed in patients who undergo rotator cuff repair
in order to prevent future impingement of the tendon to the
coracoacromial complex, the clinical benefit of this proce-
dure has been debated in the literature.*' Lahdeoja et al
showed no difference in outcomes of adult patients with
SIS who underwent subacromial decompression versus
placebo surgery or exercise therapy.*? Similarly, no differ-
ence in patient-reported outcomes was detected following
arthroscopic rotator cuff repair with versus without acro-
mioplasty in a meta-analysis of 4 randomized trials and
373 patients.* Therefore, physical therapy is the gold
standard treatment for SIS in athletes.
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Fewer studies have investigated the effect of subacro-
mial decompression in athletes. Roye et al reported
a higher percentage of satisfactory outcomes following
subacromial decompression in nonthrowing athletes com-
pared to throwing athletes (90% and 86%, respectively),
but the clinical significance of this difference (4%) is
questionable.** In the same study, only 50% of the com-
petitive baseball and softball players reported successful
results.** Payne et al** reported the outcomes of surgical
management of partial rotator cuff tears in a group of 40
athletes, and 21 of these athletes had subacromial inflam-
mation. The rate of return to sport in this last patient
subgroup was 50%, regardless of the presence of conco-
mitant glenohumeral instability.*> Based on the above, the
clinical benefit of subacromial decompression in athletes is
not fully supported by clinical evidence and sports sur-
geons should carefully evaluate the need for this procedure
when performing shoulder arthroscopy in athletes.

Internal Impingement of the
Shoulder

History and Physical Examination

Nearly 30 years after Walch et al published the first series
on internal impingement in athletes, clinical diagnosis
remains challenging.*® Due to the wide range of concomi-
tant intra- and extra-articular pathology often encountered
with this syndrome, the true incidence has not been
defined, and the
nonspecific.*’ Internal impingement is typically seen in

clinical presentation 1is often
patients under the age of 40, and it is most often associated
with the overhead throwing athlete.”

As Jobe emphasized in his 1995 “expanded spectrum”
of internal impingement, a thorough social and occupa-
tional history is critical to raising clinical suspicion for this
entity.*® In athletes, a predisposition may be more apparent
as high rates of internal impingement have been widely
documented in baseball players, volleyball players, tennis
players, and swimmers.*>>* The most common complaint
among athletes presenting with internal impingement is
posterior shoulder pain which is aggravated by positions
of abduction and external rotation — classically the late
cocking and early acceleration phases in throwers.”'
Additionally, the overhead athlete will frequently report
stiffness, the need for a prolonged warm-up or a gradual
decline in throwing velocity and control.>

A presentation consistent with rotator cuff disease in
the overhead athlete should also alert the clinician to the

potential for an internal impingement mechanism, which
has been associated with articular-sided rotator cuff
tears.”® Additionally, anterior instability is occasionally
encountered on clinical presentation in patients with inter-
nal impingement.>® Due to the variability and non-specific
nature of symptoms obtaining a definitive diagnosis of
internal impingement based on clinical presentation alone
is difficult. A thorough physical exam and diagnostic
imaging are crucial in diagnosing this condition.

Physical examination findings in the patient with inter-
nal impingement are often nonspecific.” Findings on
inspection may be unremarkable; however, the clinician
should pay attention to asymmetry with respect to gleno-
humeral and scapular positioning compared with the unaf-
fected side. Burkhart et al described a relationship between
scapular dyskinesis and internal impingement in the
throwing shoulder.’® The authors documented common
associated physical exam findings of apparent inferior
positioning of the affected shoulder and inferior tilt of
the clavicle, as well as scapular protraction and medial
scapular winging. On palpation, posterior glenohumeral
joint line tenderness is the most common physical
finding.*” Anterior shoulder tenderness secondary to cap-
sular or biceps pathology, or tenderness laterally over the
greater tuberosity related to rotator cuff disease can also be
seen.

Range of motion (ROM) testing is critical in the athlete
with suspected internal impingement. Posterior shoulder
tightness and glenohumeral internal rotation deficit
(GIRD) are associated with the development of internal
impingement in overhead athletes.”* While GIRD of 10°-
15° is common in the asymptomatic throwing shoulder,
higher degrees of internal rotation deficit have been shown
to have a significant correlation with symptomatic internal
impingement.”> Myers et al compared posterior shoulder
tightness and internal rotation deficit between asympto-
matic throwing athletes and those with symptomatic inter-
nal impingement, and found a significant increase in
internal rotation deficit in symptomatic patients (19.7°
and 11.1°, respectively), as well as increased posterior
shoulder tightness in the symptomatic group.”

Jobe’s apprehension and relocation tests are important
to evaluate for both gross anterior instability and pseudo-
laxity or microinstability of the shoulder.’® Specifically,
the examiner should pay attention to the recreation of
posterior shoulder pain when performing the apprehension
test (now referred to as the posterior impingement sign,

156

described by Meister et al’”), and relief of pain with
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relocation, as these findings have been shown to be more
specific for internal impingement than the subjective
apprehension seen with gross anterior instability.”->°
O’Brien’s active compression test may also be useful to
diagnose concomitant SLAP tears.”*”° The classic Neer
and Hawkins impingement tests can also be performed to
distinguish from external outlet impingement.”*’”° Arm
positions in which the shoulder is placed in the Neer and
Hawkins impingement tests can potentially recreate pos-
terosuperior impingement as well, potentially decreasing
the specificity of these tests.”” There remains a relative
lack of literature describing specific physical examination
tests for the diagnosis of internal impingement. Meister
et al>® described the posterior impingement sign, as noted
above, which is frequently used to assess for internal
impingement and carries a sensitivity and specificity of
95% and 100%, respectively, for noncontact injuries.’
Zaslav described the internal rotation resistance strength
test in 2001,%® for which he documented an 88% sensitiv-
ity and 96% specificity for the diagnosis of internal impin-
gement, though this examination maneuver was never
adopted by the orthopaedic community. Ultimately, an
exhaustive physical examination may be necessary in the
athlete with a presumed internal impingement in order to
make an accurate diagnosis.

Imaging
While radiographs are often unremarkable in the evalua-
tion of the young athlete with internal impingement, they
are the first-line imaging modality in patients with
shoulder pain. A complete shoulder series consisting of
a standard AP, axillary, and scapular Y views should be
obtained. Stryker notch and West Point views may be
useful in demonstrating certain pathologic findings asso-
ciated with internal impingement, such as posterior/infer-
ior glenohumeral exostoses, or anterior glenoid bony
abnormalities.*’” The clinician should pay particular atten-
tion to potential cystic changes in the humeral head or
“geodes” which may represent osteochondral lesion asso-
ciated with internal impingement; bony exostoses near the
inferior glenoid — historically referred to as the Bennett
lesion.*” These lesions, while often found in both sympto-
matic and asymptomatic athletes and which have question-
able clinical significance, are important to alert the
clinician to pathophysiologic changes in the shoulder asso-
ciated with internal impingement.

Noncontrast MRI is the gold standard diagnostic ima-
ging modality for the patient with suspected internal

impingement. Alternatively, some shoulder surgeons may
opt to obtain magnetic resonance arthrography (MRA),
which has been demonstrated to have slightly improved
sensitivity in the diagnosis of the glenoid labral injury.>
MRI aides the surgeon in the visualization of lesions asso-
ciated with internal impingement, such as partial articular
sided rotator cuff tears and fraying, as well as glenoid
labrum injuries, such as posterior fraying and SLAP tears.
The abduction and external rotation (ABER) sequence on
MRI is useful for the evaluation of the articular surface of
the supraspinatus tendon, the anterior inferior glenohumeral
ligament, and the anteroinferior part of the glenoid
labrum.®® Given that shoulder internal impingement par-
tially originates from the tightness of the inferior glenohum-
eral ligament and is associated with articular-sided tears of
the rotator cuff tendon and SLAP tears, the ABER view
may be used to better depict these abnormalities.®'

Treatment

Non-Operative Management

Conservative management is the preferred initial treatment
strategy for athletes with internal impingement.*’ Rest,
cryotherapy, and anti-inflammatory medications, followed
by a structured rehabilitation program, are the standard of
care. Several studies have demonstrated the therapeutic
potential of glenohumeral internal rotation deficit (GIRD)
correction,™ and periscapular strengthening in patients
with internal impingement.*® Physical therapy (PT) is
typically centered on these two goals, and can even be
initiated pre-emptively in throwers and overhead athletes
to prevent the development of symptoms. Burkhart et al>*
conducted a prospective study evaluating tennis players
over a two-year period who were randomized to a daily
“sleeper stretch” program versus no stretching. At 2 years
of follow-up, the sleeper stretch group exhibited signifi-
cantly increased internal rotation and total rotation, as well
as a 38% decrease in the incidence of shoulder problems
compared to the control group. Similarly, employing
a physical therapy regimen focused on GIRD correction
and periscapular stretching, Tyler et al®® demonstrated
a significant association between correction of posterior
shoulder tightness and resolution of symptoms in athletes
with symptomatic internal impingement.

Some studies have described a relationship between
internal impingement and anterior microinstability, also
commonly referred to as pseudolaxity.*’>*% This refers
to a slight attenuation, with repetitive overhead motion, of
the anterior capsule leading to mild pathologic anterior
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translation of the humeral head. This subsequently places
strain on the rotator cuff and scapular stabilizing muscu-
lature, leading to fatigue and increased posterosuperior
glenolabral contact pressures.®* If diagnosed early before
significant structural damage has occurred, anterior micro-
instability — much like concomitant GIRD and posterior
shoulder tightness — is typically responsive to PT.
Ultimately, rehabilitation of the overhead athlete with
internal impingement should be focused on correcting the
individual pathologies involved (scapular dyskinesis, pos-
terior shoulder tightness, anterior instability).

Operative Management and Current

Concepts
In 1992, Walch et al documented the posterosuperior gle-
noid impingement mechanism during the arthroscopic
examination of 17 overhead athletes.*® The earliest evi-
dence published on the results of surgical management of
internal impingement showed promising rates of return to
sport in athletes undergoing anterior capsulolabral recon-
struction or anterior capsulorrhaphy.’*%>°® While anterior
laxity is still believed to play an important role, the notion
that this is the primary driver of posterosuperior impinge-
ment is no longer widely accepted.”*’ In a study by
Sonnery-Cottet et al,®” none of the overhead athletes had
any evidence of anterior instability, yet all had sympto-
matic internal impingement requiring arthroscopic inter-
vention, suggesting other important factors at play.
Burkhart et al suggested the importance of multiple
changes in the throwing shoulder which contribute to the
pathophysiology of internal impingement, including gle-
nohumeral internal rotation deficit (GIRD) and contracture
of the posterior inferior glenohumeral ligament (PIGHL),
as well as scapular dyskinesis.”® This group described
a “peel-back” mechanism on the superior labral complex
related to posterosuperior humeral head migration as
a result of PIGHL contracture and subsequent allowance
of supraphysiological abduction and external rotation,
leading to a high rate of concomitant SLAP tears.®®
Currently, surgical treatment of the throwing shoulder
with internal impingement is aimed at addressing the indi-
vidual anatomic abnormalities encountered. An under-
standing of the complex pathomechanism behind this
clinical entity is crucial to maintain an index of suspicion
for all potential lesions including rotator cuff tears, labral
tears, and posterior capsular contracture. A preoperative
bilateral examination under anesthesia is also essential to

rule out any potential concomitant laxity and to aid in
decision-making for appropriate operative treatment.
Paley et al® described the pathologies commonly encoun-
tered on arthroscopy in patients with internal impinge-
ment. This study found that 93% of the included athletes
had undersurface rotator cuff fraying, 88% demonstrated
posterosuperior labral injury, and 36% had evidence of
anterior labral injury or fraying. Bankart lesions and
SLAP tears occurred at a rate of 10%, and all patients
with SLAP tears had concomitant undersurface rotator cuff
fraying.

While detailed management of the individual patholo-
gies that may be encountered in patients with internal
impingement lies outside the scope of this review, we
will briefly discuss their management in the specific con-
text of the overhead athlete with a diagnosis of internal
impingement.

Rotator Cuff Pathology

Many shoulder surgeons tend to follow the general rule
that rotator cuff tears involving greater than 50% tendon
thickness should be repaired, while those under 50%
should simply be debrided. However, very few studies
have evaluated the results of rotator cuff repairs in young
athletes. In the case series of 28 tennis players by Sonnery-
Cottet et al,%” all athletes had evidence of partial articular
sided rotator cuff tears and all patients underwent simple
debridement. This group reported a 79% rate of return to
the preinjury level of sport. Reynolds et al’® reported an
82% return to play rate in 82 elite overhead throwers with
internal impingement undergoing debridement of partial
articular sided rotator cuff tears, though only 55% were
able to return to the same preinjury level or higher. In
a study of 16 professional baseball players (80% were
pitchers) who underwent mini-open repair of a full-
thickness rotator cuff tear, only 1 player returned to pro-
fessional baseball.”! Even with debridement alone, return
to preinjury level in athletes with internal impingement
and rotator cuff tears is challenging. Further studies would
be needed in order to determine a role for rotator cuff
repair in this population.

Labral Lesions

Posterosuperior labral injury in overhead athletes with inter-
nal impingement is common. Treatment of these lesions
historically has been limited to labral debridement; how-
ever, clinical results have been mixed. Nourissat et al”?
evaluated the outcomes of nine recreational overhead
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athletes undergoing arthroscopic articular sided rotator cuff
debridement, glenoidplasty, and posterior labral fixation for
symptomatic internal impingement and reported a return to
preinjury level of sport in 7/9 (78%) patients. It is important
to keep in mind that opinions on management, as well as
the frequency of diagnosis of internal impingement, vary
between
While prior studies have not evaluated

significantly international orthopaedic
communities.”
operative SLAP tear management specifically in patients
with internal impingement, treating surgeons should closely
evaluate the anterosuperior labrum and biceps anchor on
diagnostic arthroscopy. When encountered, repair should be
considered, especially as these lesions have been shown to

contribute to shoulder microinstability.*®

Anterior Instability

Anterior instability has been demonstrated to play an
important role in the pathophysiology of internal
impingement.®” In a study of 25 overhead athletes with
pain in the throwing position who underwent anterior
capsulolabral reconstruction (ACLR), Jobe et al®® reported
a 72% rate of return to preinjury level of sport. In 2001,
Levitz et al®® compared the outcomes of baseball players
with internal impingement between those who underwent
debridement and labral repair alone, versus those who had
a simultaneous anterior thermal capsulorrhaphy. The ante-
rior capsulorrthaphy group had a significantly improved
rate of return to play at the preinjury level at 30 months
following surgery — 90% versus 67% in the group without
capsulorrhaphy. In this last study, there was significant
variability in the concomitant intra-articular pathology
between the groups as well as the proportion of major
league, minor league, and recreational players. Further,
thermal capsulorrhaphy should be undertaken with caution
given multiple case reports of significant complications.”
Jones et al’”® published a case series on 20 overhead
athletes undergoing anterior capsular plication for refrac-
tory shoulder pain with a preoperative diagnosis of ante-
rior microinstability. Twenty percent of patients had
concomitant rotator cuff fraying, which was debrided.
They documented an 85% return to sport at the preinjury
level.

Subcoracoid Impingement

The impingement of the rotator cuff by the coracoid pro-
cess was firstly described by Goldthwait, in 1909.7¢
Subcoracoid impingement is defined as the compression
of the anterior soft tissues of the shoulder (mainly the

subscapularis, but also the long head of the biceps tendon,
and the biceps reflection pulley) between the coracoid
process and the lesser tuberosity of the humerus.’
Subcoracoid impingement can be idiopathic due to struc-
tural abnormalities of the coracoid process (long coracoid
or excessively lateral position of the coracoid).
Calcification of the subscapularis tendon or the presence
of a ganglion cyst can also lead to subcoracoid impinge-
ment. One case of subcoracoid impingement caused by an
accessory coracobrachialis muscle has been reported.”’
Apart from idiopathic, subcoracoid impingement may
be iatrogenic or post-traumatic. Subcoracoid impinge-
ment has been associated with posterior capsular tighten-
ing and subsequent limitation of the internal rotation of
the arm.”®”® Athletes with multidirectional instability
who undergo shoulder capsulorrhaphy may be at risk of
this condition. Additional procedures that may lead to
subcoracoid impingement include coracoid transfer, pos-
terior glenoid neck osteotomy, and acromionectomy.’
Post-traumatic causes of subcoracoid impingement
include fractures of the proximal humerus (head or
neck), scapular neck fractures, glenoid fractures, or ster-
noclavicular dislocations. Existing literature on subcora-
coid impingement in athletes is limited compared to the
other two types of shoulder impingement mentioned in
this article; however, this condition has been recognized
as a possible cause of anterior shoulder pain in throwing

and overhead athletes.””-7%-%°

Physical Examination and Imaging

Patients with subcoracoid impingement will often present
with anterior shoulder pain, which is exacerbated with the
arm in flexion, adduction, and internal rotation (subcora-
coid impingement position).> During physical examina-
tion, maximal pain occurs between 120°-130° degrees of
forward flexion and internal ration of the arm, with or
without tenderness over the coracoid process. The standard
shoulder radiographic views should be obtained in patients
with
a Computed Tomography (CT) examination with the arm

suspected subcoracoid impingement. Obtaining
crossed on the chest is useful, and a coracohumeral dis-
tance of <6 mm has been defined as subcoracoid
stenosis.®! Further, increased coracoid index (a measure
of coracoid size) has been associated with subcoracoid
impingement.”®** MRI should also be performed to assess
the integrity of the rotator cuff tendon, and the condition of
the glenoid labrum and capsule of the shoulder. Increased

signal in subscapularis and/or lesser tuberosity of the
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humerus may be seen on the MRI of these patients.”® In
cases of failure to identify the cause of shoulder pain,
surgical exploration may be necessary. Mestdagh et al’’
identified an accessory coracobrachialis muscle as the
cause of subcoracoid impingement in an alpinist via sur-

gical exploration using the deltopectoral approach.

Treatment

Conservative treatment should be the first-line therapy in
athletes with subcoracoid impingement. This may consist
of rest, ice, activity modification, physical therapy, oral
medication, and/or corticosteroid injections. Physical
therapy should focus on shoulder muscle stretching and
strengthening, as well as a range of motion exercise. In
cases of failure of the conservative measures, surgical
management may be necessary. Open or arthroscopic
coracoplasty should be considered in patients with struc-
tural abnormalities of the coracoid causing impingement.
Repair of the subscapularis tendon should be performed
if a tear is identified. The goal of coracoplasty is to
create a 7-mm interval between the coracoid and sub-
scapularis and prevent future impingement. Adequate
pain relief and significant improvement in function has
been reported in patients who underwent acromioplasty
to correct subacromial impingement,®> but the rate of
return to sport in athletes receiving conservative and/or
surgical treatment for this condition remains unknown.

Conclusion

Shoulder impingement syndrome is commonly diagnosed in
athletes with shoulder pain. Performing multiple shoulder
physical examination tests is necessary during the initial
evaluation, and knowledge of the diagnostic performance of
each of these tests is critical to differentiate between the
various types of impingement. A course of conservative
therapy, followed by surgical treatment in refractory cases,
remains the gold standard approach for the management of
shoulder impingement syndrome in athletes, regardless of
type. Evaluation of the outcomes and return to sport rate is
challenging, due to the broad spectrum and different combi-
nation of shoulder structural lesions identified in each athlete.
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