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Abstract: Thoracic outlet syndrome (TOS) is a clinical diagnosis resulting from the impingement of neurovascular
structures between the clavicle and first rib. Effective prevention and nonoperative treatment in high-performance ath-
letes with TOS are not well documented. The objective of reporting this case was to discuss the symptom progression,
relevant clinical findings, and rehabilitation of an overhead athlete with diagnosed neurogenic TOS. Numerous rehabil-
itative techniques may be used to treat an athlete with TOS, with an emphasis on restoring full shoulder mobility, motor
control, and normalized scapular mechanics in a throwing athlete, as well as improving functional thoracic range of
motion. Modalities such as neuromuscular electrical stimulation and targeted muscle exercises are incorporated in the
process. In the case presented, a collegiate-level throwing athlete returned to full participation at her previous level of play
within 18 weeks of rehabilitation initiation. This report details the clinical findings and treatment options available to
address pathology in an overhead athlete with a diagnosis of TOS. The clinical case example shows techniques that may
help guide the clinician in establishing effective nonoperative or postoperative treatments for TOS. Level of

Evidence: Level V, expert opinion.

horacic outlet syndrome (TOS) is a clinical diag-

nosis resulting from the impingement of neuro-
vascular structures between the clavicle and first rib.’
Although the reported incidence is only 3 to 80 in
1,000, TOS can be highly debilitating when it occurs.
This condition, although rare, is becoming more
recognized in individuals who perform repetitive tasks,
including those who participate in overhead sports such
as baseball, softball, volleyball, and swimming.”®
Symptoms typically include pain, numbness,
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paresthesia, and weakness through the upper extrem-
ity. These symptoms are often intermittent in athletes,
which leads to difficulty in early recognition and diag-
nosis. Over time, symptoms through the thorax and
shoulder gradually progress to include numbness,
heaviness, and fatigue through the involved arm with
exertion. There are 3 types of TOS: neurogenic TOS
(nTOS), venous TOS, and arterial TOS, with the most
common type being nTOS.

Overuse injuries in overhead sports are typically the
product of multiple factors such as excessive repetitive
strain, poor conditioning, high work-to-rest ratios, and
long-term playing time. Elite-level players show
greater efficiency than amateur players with trans-
ferring energy from the lower body through the arm to
throw. Up to 20% less electromagnetic activity is seen
in elite players” shoulders than in amateur players’
shoulders, showing their ability to perform at a high
level without as much exertion.” The ability of elite
players to transfer energy through the kinetic chain is
supported by their physical maturity and a well-
designed strength and conditioning program, which
is often lacking at the youth and high school levels.
Poorly controlled hypermobility often seen in adoles-
cent female athletes, combined with insufficient con-
ditioning, may place amateur players at a higher risk of
injury.®"!
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Compression of the neurovascular structures between
the clavicle and first rib occurs under circumstances
equitable to a perfect storm. The throwing motion be-
gins at the ground, with up to 50% of the total force in
a pitch deriving from the lower body.'? Poor motor
control and/or joint restriction in the spine results in a
dissipation of this energy as it transfers to the arm. To
maintain the velocity and power while throwing or
hitting, the thorax, shoulder, and arm are required to
make up for this deficit. Cervical, thoracic, and scapular
instability has been documented in patients with a
diagnosis of TOS.'”>"'” Stiffness of the scalene muscles
has been shown to increase with throwing, which
produces a superior force on the first rib.'® This rib el-
evates in the absence of a stabilizing inferior counter-
force of the serratus anterior. When these conditions
occur in a player with an overall depressed scap-
ulothoracic joint and a downwardly sloped clavicle, the
neurovascular structures running through the infra-
clavicular space may be compressed.

The clinical profile of an overhead athlete at risk of
the development of TOS is not as well understood as
that in other conditions specific to this population.
Clinical findings such as range-of-motion (ROM)
changes, fatigue, abnormal throwing mechanics, lum-
bopelvic complex weakness, and motor control deficits
have been correlated with a higher injury risk in a
thrower’s shoulder and elbow.'” However, owing to
the inconsistent nature of the symptoms leading up to
the diagnosis of TOS, the warning signs of its develop-
ment are not well documented. The most commonly
reported findings specific to patients with a diagnosis of
TOS include excessive resting tension in the scalene
and/or pectoralis muscles, abnormal scapular position
and posture, and early fatigue in the upper extremity
with resisted motions.”*”>'®*? The subsequent reha-
bilitative techniques necessary to improve symptoms
are aimed at addressing each of these specific deficits
and abnormalities. The purpose of this review was to
discuss the symptom progression, relevant clinical
findings, and recommended rehabilitation of an over-
head athlete with TOS, with a case example of a col-
legiate player with a diagnosis of nTOS.

Case Description

A 21-year-old, right hand—dominant, National Col-
legiate Athletic Association Division I softball player
presented with right shoulder pain and instability,
elbow pain, and intermittent hand swelling with
throwing. The patient played left field for her collegiate
softball team, throwing right-handed and batting left-
handed (leading with the right arm).

The patient had undergone a right scalenectomy and
first-rib resection for TOS 1 year prior and underwent
an uneventful rehabilitation course, but when return-
ing to play as an outfielder, she reported limiting pain in
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the right posterosuperior shoulder with throwing.
Intermittent, mild right hand swelling then returned
with throwing that summer. She presented for outpa-
tient physical therapy in the fall of her junior year with
complaints of the shoulder feeling “abnormal” with
full-speed throws and continued hand tingling and
swelling with prolonged play.

TOS Clinical Evaluation and Examination

Clinical examination of overhead athletes with a
diagnosis of TOS includes an initial ROM and strength
examination, in addition to assessment of overall
resting posture and muscle tone. Resting scapular po-
sition has not been shown to correlate with pathology,
nor does it indicate the presence of poor movement
patterns.”' Furthermore, most overhead athletes with a
diagnosis of TOS initially report symptoms with exer-
tion, rather than at rest. Therefore, although resting
scapular depression may be commonly noted in pa-
tients with a diagnosis of TOS, it is a small clinical piece
of the puzzle and may not necessarily predict pathol-
ogy. Resting muscle tone through the scalenes, upper
trapezius, and pectoralis major and minor also receives
similar attention in the assessment of this population.
However, these structures commonly show neurologic
tone as a compensatory mechanism to stabilize the
glenohumeral and scapulothoracic joints in patients
with many upper-extremity conditions, including
impingement syndrome, rotator cuff tendinosis, neck
pain, clavicular fractures, and acromioclavicular joint
separations.

Passive ROM measurements of the bilateral shoulders
were taken with the patient placed in the supine

Fig 1. Manual stabilization of lateral border of scapula for
passive range-of-motion measurements.
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Table 1. Improvements in PROM Over 18 Weeks of Physical
Therapy

Degrees of
Range of Motion
at Evaluation

Degrees of Range of
Motion at 18 Week

Scapular Plane Re-evaluation

Passive Flexion 154 180
Passive Horizontal Abd 21 44
Passive External Rotation 105 124
Passive Internal Rotation 53 61

hook-lying position (supine, knees flexed, feet resting
on a plinth) and a pillow placed under the head (no
further lateral than the ear). Passive shoulder flexion
(PSFIx) and passive shoulder horizontal adduction were
measured using a standard goniometer with the lateral
border of the scapula manually stabilized (Fig 1). Pas-
sive shoulder external rotation and passive shoulder
internal rotation (PSIR) were measured at 90° of
shoulder abduction with the humerus elevated
approximately 10° off the table; manual stabilization of
the coracoid process and spine of the scapula was per-
formed during measurement of PSIR for standardiza-
tion.”> The measurements were repeated on the
nondominant shoulder for comparison at each time
point (Table 1). Taking precise measurements of the
patient’s ROM in both the affected shoulder and unaf-
fected shoulder allows the clinician to monitor changes
and progress during the treatment process.

Active scapulothoracic mechanics were analyzed us-
ing 2-dimensional marker-less video analysis during
bilateral active shoulder flexion (ASFIx) and active
shoulder abduction with the patient standing. Videos
were used to assess scapular movement, limb symme-
try, upper-quadrant muscle recruitment, and eccentric
scapular control compared with the contralateral limb.
The resting scapular position was noted during evalu-
ation; however, more concern was placed on the active

Fig 2. Scapular and thoracic
positioning with active shoulder
flexion in patient’s sophomore
year (A), junior year (B), and se-
nior year (C) of college.
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scapulothoracic mechanics during gravity-resisted
ASFIx and active shoulder abduction (Fig 2).

Static positioning of the thoracic spine is not signifi-
cantly different between populations with and without
TOS.'" However, the available active ROM observed
within a total arc of motion (combined flexion and
extension) is significantly less in patients with TOS.
Assessment of the quantity of thoracic extension has
been described using an inclinometer, the Ott sign, and
ultrasound. Approximately 13° to 15° of active thoracic
extension is required to achieve full upper-extremity
elevation.”” For this case study, assessment of the
quality of thoracic extension was performed with video
analysis and palpation of T5 to T9 during ASFIx by the
primary therapist. However, it is recommended to use
an objective measure, such as the Ott sign, to objec-
tively measure progress in most patients.

Strength testing was conducted using a handheld
dynamometer for 9 planes of movement (Fig 3). Three
trials were averaged for each plane of movement and
compared bilaterally. Shoulder flexion, shoulder
abduction, shoulder external rotation, and shoulder
internal rotation were all tested at 0° of shoulder
abduction. The scapular muscles including the lower
trapezius, middle trapezius, and rhomboid were tested
with the extremity positioned in alignment with the
respective muscle fibers in the prone position; the up-
per trapezius was tested in the sitting position; and the
serratus anterior was tested in the supine position.
These results were used to assess the patient’s readiness
to begin a throwing program, and thus, testing was
conducted at 10 weeks and 18 weeks. The patient was
required to achieve at least 90% strength in all planes of
the dominant limb as compared with the nondominant
limb prior to beginning a throwing program.

Palpation of the affected limb was performed in
adjunct to the aforementioned assessments. The char-
acteristics of shoulder and scapular muscle tension,
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Fig 3. Progress of dynamometer testing on re-evaluation
dates of treatment.

scapulothoracic joint mobility, glenohumeral joint
mobility, passive mobility of the thoracic spine, and
palpation of neuromuscular recruitment during active
shoulder ROM were noted and compared with the
nondominant limb. Resting tension was compared in
anti-gravity and gravity-resisted positions and then
correlated to observations during functional move-
ments to determine which structures showed true
muscular restriction versus neurologic tone.

TOS Rehabilitation Methods

First-line nonoperative care for TOS typically includes
rest, physical therapy, anti-inflammatory medication,
and anticoagulant medication. Currently, there is no
consensus on the best physical therapy interventions
that lead to a successful nonoperative or postoperative
outcome, particularly returning an overhead athlete to
high-performance play. Rehabilitation specialists are
reliant on their clinical expertise to treat this condition
and prevent further injury. Many rehabilitation pro-
tocols (nonoperative and postoperative) recommend
interventions targeting scalene and pectoralis muscle
tension, posture, and scapular mobility, with caution
against resistance and strength training.'”**> This
treatment plan has so far only been shown to be
effective in treating 27% to 34% of patients with a
diagnosis of nTOS.”** One prospective study showed
that approximately 60% of nTOS cases did not experi-
ence a meaningful reduction in their symptoms and
disability scores with physical therapy alone and
therefore went on to require surgery. Return to play
after first-rib resection and scalenectomy has been re-
ported in up to 70% of players, with half of these
returning to play within 1 year.'” However, owing to
the dynamic nature of this condition’s development,
physical therapy interventions that target resting
posture and muscle tone alone are likely not enough to
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return an overhead athlete to his or her previous level
of participation.

In this case example, each therapy session consis-
tently followed a sequential model of initial mobility,
then motor control, and finally progressive loading.
Interventions to restore full mobility in the spine and
dominant arm were emphasized first to allow the
affected tissues to be trained within their full capacity.
Progression criteria for advancement to loading were a
minimum of 80% of PSFIx, passive shoulder horizontal
adduction, and PSIR within each treatment session.
After progression criteria were met, motor control ex-
ercises were performed to restore appropriate recruit-
ment and timing of the affected tissues. Progressive
loading of the spine and shoulder girdle were then
applied to promote greater capacity of these tissues to
exert and withstand strain.

The mobility of the soft tissues surrounding the cer-
vicothoracic spine was addressed first, including the
thoracic paraspinal muscles, as well as the pectoralis
major, pectoralis minor, latissimus dorsi, teres major,
subscapularis, and upper trapezius (Fig 4). Soft-tissue
mobilization techniques included self-mobilization
with a lacrosse ball or foam roll, instrument-assisted
soft-tissue mobilization, manual mobilization, muscle
energy techniques, and infrared light therapy. Manual
techniques were expected to provide a short-term
reduction in soft-tissue restriction. The resultant
decrease in muscle tone is best maintained by
improving the motor control of support structures, thus
minimizing the need for neurologic compensation.

Once the mobility criteria were achieved, exercises
targeting motor control of the thoracic spine, cervical
spine, and shoulder were performed. Early emphasis on
restoring active thoracic spine flexion and deep cervical
flexor control is vital. The exercises used included su-
pine scapular retraction in a T with cervical flexion,
supine scaption (i.e., scapular-plane elevation) with a
TheraBand and cervical flexion, and sequential spinal
flexion-extension using external weight (Fig 5).
Thereafter, sagittal-plane exercises progressed to
transverse-plane movement, including half-kneeling
thoracic rotation with a band or half-kneeling wind-
mills. As spinal alignment and mobility normalized,
these motor control exercises were progressed to
emphasize the scapular stabilizers and rotator cuff.
Neuromuscular electrical stimulation was applied
initially to the infraspinatus and serratus anterior with
selection of the exercises that elicited the highest elec-
tromagnetic activity within the arc of motion that the
patient was able to perform.”*

Progressive loading to the scapular stabilizers and
shoulder was performed next in the patient’s treatment
session. Strengthening was conducted in circuits of 3
exercises to keep the patient motivated and for time
efficiency; exercises within a circuit varied in
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Treatment Plan
for TOS

Fig 4. Infographic with treatment recommendations
for thoracic outlet syndrome (TOS).

.
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Fig 5. (A) Supine scapular retraction in T with cervical
flexion. (B) Supine scaption (i.e., scapular-plane elevation)
with TheraBand and cervical flexion. (C) Active thoracic
flexion.

movement type and muscle group emphasized. Exer-
cise selection was also based on evidence of moderate to
high electromagnetic activity with minimal compensa-
tion. The postural and scapular stabilizers were targeted
in low arcs of motion (up to approximately 90° of
elevation) and then progressively loaded into the
transverse and overhead planes, various body positions,
and types of load. The muscle groups emphasized
throughout the treatment sessions included the serratus
anterior, lower and middle trapezius, posterior rotator
cuff, deep cervical flexors of the neck, and lower
abdominal core stabilizers.

As patient tolerance for loading improved, endurance
training was then gradually introduced. The exercises
chosen for this section of training typically targeted the
serratus anterior, lower abdominals, and/or posterior
shoulder. Isometric exercises were included in 30-
second intervals with 30-second rest periods, which
eventually progressed to isotonic movement. Examples
of these exercises are up-and-down planks, ball flips,
and reverse plank walking.

From evaluation to 18 weeks, the patient showed
restoration of full mobility, strength, and scapular me-
chanics appropriate for the dominant arm of an over-
hand thrower. The resting scapular position typically
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seen in the dominant arm of an overhand thrower in-
cludes a mild degree of protraction, anterior tilt, and
upward rotation.”” The patient’s soft-tissue pliability
was fully restored based on the minimal palpable
resting tone in the tissues and ability to achieve full
passive shoulder ROM in all planes. Approximately
75% of the patient’s active thoracic extension was
restored during active shoulder elevation. Additionally,
appropriate muscular recruitment of the scapular sta-
bilizers was noted during weighted and unweighted
active elevation of the arms (shoulder flexion and
shoulder abduction).

At 18 weeks from evaluation, the patient began a
throwing program and returned to full participation.
She was able to achieve full velocity and accuracy in her
throws from left field but required arm care after
competitive play for post-activity fatigue and soreness.
Overall, this National Collegiate Athletic Association
Division I softball player with a diagnosis of nTOS was
able to return to her previous level of play without
radicular symptoms, hand swelling, or cervical or
anterior shoulder symptoms within 4 to 5 months using
this rehabilitation model (Fig 2).

Discussion

A growing body of evidence supports the concept
that overuse and chronic shoulder conditions that
carry over from youth and high school leagues have
the potential to impact athletes at the collegiate
level.”*”” The American Sports Medicine Institute
reports that year-round throwing, playing while
fatigued, playing for multiple teams, and poor overall
conditioning correlate with the development of
compensation and higher injury rates in overhand
throwers. TOS is among the conditions reported in
this population owing to the repetitive nature of their
overhead strain, as in the case presented in this
article. Although muscular tightening, relative loss of
ROM, and weakening of the arm decelerators are
anticipated over a season owing to fatigue, too much
compensation in certain areas can increase an ath-
lete’s risk of injury.’'”’ In this review, we have
described the case of an overhead thrower with TOS
and the rehabilitative techniques used to improve the
symptoms associated with TOS.

A unique clinical characteristic observed in patients
with TOS is a loss of functional thoracic ROM. It is
suspected that poor postural stabilization, motor con-
trol, and conditioning contribute to this limitation in
spinal mobility, particularly in patients with no struc-
tural abnormalities. Limited active thoracic flexion re-
sults in a loss of the convex-to-concave relation
between the scapula and thorax. The convex surface of
the thorax allows for an appropriate length-tension
relation of the muscles stabilizing the scapula to the
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thorax, including the serratus anterior, trapezius, and
rhomboid. Relative extension, or flattening, of the
thoracic curve does not allow the concave surface of the
scapula to fully contact the surface of the thorax, thus
altering the length-tension relation in these muscles.
These circumstances, combined with posterior shoulder
and scapular fatigue, can result in the development of
relative depression, protraction, and downward rota-
tion of the dominant scapula, as well as downward
slope of the clavicle, in a patient. This position
lengthens the upper trapezius, scalenes, sternocleido-
mastoid, and rhomboid, which can be triggered to
provide support owing to the lack of sufficient support
from the scapular stabilizers. The shift in length-tension
ratios among the scapular stabilizers then leads to the
pectoralis major becoming hyperactive with pushing
and elevation movements, contributing to a loss of
shoulder flexion and internal rotation. The inability of
the shoulder to functionally move the scapulothoracic
and glenohumeral joints away from these resting pos-
tures results in inadequate clearance of the neuro-
vascular tissues and compression of the infraclavicular
space. Therefore, it is beneficial to assess a patient’s
thoracic spine mobility using an objective measure such
as the Ott sign or an inclinometer and then treat it by a
proximal-to-distal method. In the absence of an objec-
tive measurement to assess the thoracic spine’s func-
tional ROM, a loss of bilateral PSFIx and PSIR can be
indicative of altered mechanics.

In the literature, the resting tone of the scalenes,
sternocleidomastoid, and upper trapezius is commonly
described as a limiting factor for patients with nTOS.
These structures are likely showing increased neuro-
muscular tone to compensate for a lack of stabilization
from the spine and scapula. Thus, treatment should
emphasize gaining functional curvature of the spine
and motor control of the scapular stabilizers, such as the
serratus anterior. Inclusion of specific cervical stabili-
zation exercises to improve the motor control, strength,
and endurance of the deep flexors of the neck is also
recommended when treating the proximal portion of
an overhead athlete’s kinetic chain. This can be ach-
ieved using biofeedback or neuromuscular control drills
in a rehabilitative setting or using cues for appropriate
cervical alignment while athletes are lifting with their
teams. Ultimately, these treatments should be attemp-
ted first, before seeking surgical intervention. Although
first-rib resection and scalenectomy have been shown
to effectively decompress the infraclavicular space, the
compensatory patterns that resulted in neurovascular
compression remain after surgery and may negatively
impact an athlete’s ability to return to his or her pre-
vious level of play.
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Conclusions
This report details the clinical findings and treatment
options available to address pathology in an overhead
athlete with a diagnosis of TOS. The clinical case
example shows techniques that may help guide the
clinician in establishing effective nonoperative or post-
operative treatments for TOS.

References

1. Ohman J, Thompson R. Thoracic outlet syndrome in the
overhead athlete: Diagnosis and treatment recommen-
dations. Curr Rev Musculoskelet Med 2020;13:457-471.

2. Craig K, Jordan S, Chilek D, Boatwright D, Morales J.
Diagnosis and treatment of arterial thoracic outlet syn-
drome in a collegiate volleyball player: A case report. Int J
Athl Ther Train 2020;25:307-313.

3. Chandra V, Little C, Lee J. Thoracic outlet syndrome in
high-performance athletes. J Vasc Surg2014;60:1012-1018.

4. Aval SM, Durand P, Shankwiler JA. Neurovascular in-
juries to the athlete’s shoulder: Part II. J Am Acad Orthop
Surg 2007;15:281-289.

5. Safran MR. Nerve injury about the shoulder in athletes,
part 2: Suprascapular nerve and axillary nerve. Am J
Sports Med 2004;32:1063-1076.

6. Nitz AJ, Nitz JA. Vascular thoracic outlet in a competitive
swimmer: A case report. The Int J Sports Phys Ther 2013;8:
74-79.

7. Werner SL, Jones DG, Guido JA Jr, Brunet ME. Kine-
matics and kinetics of elite windmill softball pitching. Am J
Sports Med 2006;34:597-603.

8. Oliver GD, Dwelly PM, Kwon Y-H. Kinematic motion of
the windmill softball pitch in prepubescent and pubescent
girls. J Strength Cond Res 2010;24:2400-2407.

9. Skillington SA, Brophy RH, Wright RW. Effect of pitching
consecutive days in youth fast-pitch softball tournaments
on objective shoulder strength and subjective shoulder
symptoms. Am J Sports Med 2017;45:1413-1419.

10. Friesen KB, Shaw RE, Shannon DM, Dugas JR,
Andrews JR, Oliver GD. Single-leg squat compensations
are associated with softball pitching pathomechanics in
adolescent softball pitchers. Orthop J Sports Med 2021;9:
232596712199092.

11. West AM, Scarborough DM, McInnis KC, Oh LS. Strength
and motion in the shoulder, elbow, and hip in softball
windmill pitchers. PM&R 2019;11:1302-1311.

12. McMullen J, Uhl TL. A kinetic chain approach for
shoulder rehabilitation. J Athl Train 2000;35:329-337.

13. Watson LA, Pizzari T, Balster S. Thoracic outlet syndrome
part 2: Conservative management of thoracic outlet. Man
Ther 2010;15:305-314.

14. Theisen C, Wagensveld A, Timmesfeld N, et al. Co-
occurrence of outlet impingement syndrome of the
shoulder and restricted range of motion in the thoracic
spine—A prospective study with ultrasound-based motion
analysis. BMC Musculoskelet Disord 2010;11:135.


http://refhub.elsevier.com/S2666-061X(21)00232-7/sref1
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref1
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref1
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref2
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref2
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref2
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref2
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref3
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref3
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref4
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref4
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref4
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref5
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref5
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref5
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref6
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref6
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref6
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref7
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref7
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref7
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref8
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref8
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref8
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref9
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref9
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref9
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref9
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref10
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref10
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref10
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref10
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref10
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref11
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref11
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref11
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref12
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref12
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref13
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref13
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref13
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref14
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref14
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref14
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref14
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref14
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref14

el88

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Hanif S, Tassadaq N, Farooq M, et al. Role of therapeutic
exercises in neurogenic thoracic outlet syndrome. J Ayub
Med Coll Abbottabad 2017;19:85-88.

Takenaga T, Takeuchi S, Murakami H, Sugimoto K,
Yoshida M. Throwing can increase the stiffness of the
scalene muscle. Orthop J Sports Med 2020;8(suppl 6):
2325967120S0040.

Garrison JC, Hannon JP, Conway JE. Differences in pas-
sive shoulder range of motion between baseball players
with neurogenic thoracic outlet syndrome and matched
healthy controls. Orthop J Sports Med 2006;9:1-6.

Collins E, Orpin M. Physical therapy management of
neurogenic thoracic outlet syndrome. Thorac Surg Clin
2021;31:61-69.

Ozcaker L, Inanici F, Kaymak B, Abali G, Cetin A,
Hascelik Z. Quantification of the weakness and fatigue in
thoracic outlet syndrome with isokinetic measurements.
Br J Sports Med 2005;39:178-181.

Ligh CA, Schulman BL, Safran MR. Case reports: Unusual
cause of shoulder pain in a collegiate baseball player. Clin-
ical Orthopaedics & Related Research 2009;467:2744-2748.
Seitz AL, Reinold MM, Schneider RA, Gill TJ, Thigpen CA.
No effect of scapular position on 3-dimensional scapular
motion in the throwing shoulder of healthy professional
pitchers. J Sport Rehabil 2012;21:186-193.

Wilk KE, Reinold MM, Macrina LC, et al. Glenohumeral
internal rotation measurements differ depending on
stabilization techniques. Sports Health 2009;1:131-136.
Crawford HJ, Jull GA. The influence of thoracic posture
and movement on range of arm elevation. Physiother
Theory Pract 1993;9:143-148.

Balderman J, Abuirgeba AA, Eichaker L, et al. Physical
therapy management, surgical treatment and patient-
reported outcomes measures in a prospective observa-
tional cohort of patients with neurogenic thoracic outlet
syndrome. J Vasc Surg 2019;70:832-841.

Shutze W, Richardson B, Shutze R, et al. Midterm and
long-term follow-up in competitive athletes undergoing

26.

27.

28.

29.

30.

31.

32.

33.

L. COLBERT ET AL.

thoracic outlet decompression for neurogenic thoracic
outlet syndrome. J Vasc Surg 2017;66:1798-1805.
Reinold MM, Escamilla R, Wilk KE. Current concepts in
the scientific and clinical rationale behind exercises for
glenohumeral and scapulothoracic musculature. J Orthop
Sports Phys Ther 2009;39:105-117.

Laudner KG, Lynall R, Meister K. Shoulder adaptations
among pitchers and position players over the course of a
competitive baseball season. Clin J Sports Med 2013;23:
184-189.

Wasserman E, Register-Milhalik J, Sauers E, Currie D,
Pierpoint L. The first decade of web-based sports injury
surveillance: Descriptive epidemiology of injuries in US
high school girls” softball (2005-2006 through 2013-2014)
and National Collegiate Athletic Association women'’s
softball (2004-2005 through 2013-2014). J Athl Train
2019;54:212-225.

Holtz KA, O’Connor RJ. Upper extremity functional status
of female youth softball pitchers using the kerlan-jobe
orthopaedic clinic questionnaire. Orthop J Sports Med
2018;6:1-5.

Sauers EL, Dykstra DL, Bay RC, Bliven KH, Snyder AR.
Upper Extremity Injury History, current pain rating, and
health-related quality of life in female softball pitchers.
Journal of Sport Rehabilitation 2011;20:100-114.

Shanley E, Rauh MJ, Michener LA, Ellenbecker TS,
Garrison JC, Thigpen CA. Shoulder range of motion
measures as risk factors for shoulder and elbow injuries in
high school softball and baseball players. Am J Sports Med
2011;39:1997-2006.

Downs J, Wasserberger K, Oliver GD. Influence of a pre-
throwing protocol on range of motion and strength in
baseball athletes. Int J Sports Med 2020;42:183-190.

Pozzi F, Plummer HA, Shanley E, Thigpen CA, Bauer C,
Wilson ML, Michener LA. Preseason shoulder range of
motion screening and in-season risk of shoulder and
elbow injuries in overhead athletes: Systematic review
and meta-analysis. Br J Sports Med 2020;54:1019-1027.


http://refhub.elsevier.com/S2666-061X(21)00232-7/sref15
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref15
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref15
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref16
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref16
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref16
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref16
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref17
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref17
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref17
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref17
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref18
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref18
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref18
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref19
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref19
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref19
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref19
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref20
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref20
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref20
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref21
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref21
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref21
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref21
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref22
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref22
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref22
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref23
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref23
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref23
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref24
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref24
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref24
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref24
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref24
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref25
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref25
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref25
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref25
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref26
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref26
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref26
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref26
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref27
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref27
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref27
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref27
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref28
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref28
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref28
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref28
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref28
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref28
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref28
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref29
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref29
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref29
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref29
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref30
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref30
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref30
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref30
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref31
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref31
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref31
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref31
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref31
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref32
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref32
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref32
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref33
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref33
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref33
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref33
http://refhub.elsevier.com/S2666-061X(21)00232-7/sref33

	Rehabilitation in Overhead Athletes With Thoracic Outlet Syndrome
	Case Description
	TOS Clinical Evaluation and Examination
	TOS Rehabilitation Methods

	Discussion
	Conclusions
	References


