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Abstract 
Thoracic outlet syndrome (TOS) is one of the common neurovascular disord-
ers of the upper extremities, and the compression or traction of the brachial 
plexus is the main pathology. We hypothesized that baseball players are more 
likely to be affected by TOS compared with other overhead-throwing athletes 
because of strenuous use of their throwing arm. The purpose of this study was 
to investigate the prevalence and clinical characteristics of TOS in high school 
baseball players. One thousand two hundred eighty-eight high school baseball 
players were included in this study. The prevalence of symptomatic TOS and 
its association to disorders of the upper extremities were investigated. The 
prevalence of symptomatic TOS was 32.8%. Age- and position-adjusted logis-
tic regression analysis revealed that subjects with symptomatic TOS were at 
significantly higher risk of shoulder and/or elbow pain (odds ratio [OR]: 1.96, 
95% confidence interval [CI]: 1.50 - 2.58) and a higher recurrence rate of 
shoulder and/or elbow pain during the previous season (OR: 2.38, 95% CI: 
1.87 - 3.04). As for physical findings, subjects with symptomatic TOS were al-
so at significantly higher risk of MUCL tenderness (OR: 2.53, 95% CI: 1.83 - 
3.50), positive milking maneuver, (OR: 2.63, 95% CI: 1.78 - 3.91), positive 
subacromial impingement sign (OR: 1.92, 95% CI: 1.20 - 3.07), and positive 
posterior impingement sign (OR: 2.34, 95% CI: 1.67 - 3.28) compared to the 
subjects without symptomatic TOS. It is necessary to recognize that TOS is 
not a rare pathology in overhead-throwing athletes, especially baseball players, 
and that players with symptomatic TOS are at significantly higher risk of 
shoulder/elbow pain. 
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1. Introduction 

Thoracic outlet syndrome (TOS), first described by Peet and associates [1], has 
been characterized as upper extremity symptoms caused by compression of the 
neurovascular structures at the thoracic outlet lesion. 

Several congenital and acquired factors have been reported as causes of TOS. 
Cervical rib and fibrous band have been the most common congenital cause as-
sociated with TOS [2] [3] [4] [5] [6], and anomalies of first rib and cervical mus-
cle variants have also been considered as possible causes [7] [8] [9] [10]. 

In addition to the congenital factors, several potential sites of compression at 
the thoracic outlet lesion have previously been reported. At the interscalene tri-
angle, the neurovascular bundle is vulnerable to entrapment between the ante-
rior and middle scalene muscles (scalenus anticus syndrome) [11] [12] or be-
tween the anterior scalene muscle and the clavicle [13]. Costoclavicular level 
neurovascular compression secondary to hyperabduction of the arm was first 
described by Lewis and Pickering in 1934, and this condition was defined as 
costoclavicular syndrome in 1943 [14] [15]. Neurovascular compression also 
occurs at the subcoracoid space by the stretched overlying pectoralis minor 
muscle when the arm is brought overhead. This condition was first described by 
Wright in 1945 as “hyperabduction syndrome”, in which neurovascular bundle 
was occluded by the overlying pectoralis minor muscle [16]. Sanders RJ de-
scribed the several characteristic findings of “neurogenic pectoralis minor syn-
drome”, such as no history of trauma, absent of occipital headache and neck 
pain, and minimal or no response to the provocative test of TOS [17] [18]. 

Athletic activity using the upper extremities is also associated with the devel-
opment of TOS, and there have been many reports of athletes with neurogenic 
and vascular TOS [19] [20] [21] [22] [23]. Vigorous repetitive overhead use of 
the upper extremities required in most overhead-throwing sports may lead to 
loss of shoulder girdle stability as well as hypertrophy of scalene and pectoralis 
minor muscles, which can induce neurovascular compression at these sites, es-
pecially congenital abnormalities. 

Among the several overhead-throwing sports, players in baseball are consi-
dered to be at highest risk of developing TOS. Several cases of serious vascular 
TOS in Major League Baseball players have previously been reported [24]. Tullos 
et al. reported the first case of axillary artery occlusion in a major league pitcher 
in 1972 [25]. They postulated that repetitive transient occlusion of the axillary 
artery by the stretched pectoralis minor muscle was the main cause of this pa-
thology. Axillary-subclavian vein effort thrombosis (Paget-Schroetter syndrome) 
has also been considered as the most frequently encountered vascular disorder 
[26], and there have been two cases of venous thrombosis in major league pitchers 
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[5] [24]. Since the incidence rate of vascular TOS (arterial or venous) has been 
reported to be less than 5% of all TOS [27] [28] [29], it is estimated that many 
overhead-throwing athletes may be affected with neurogenic TOS. 

The diagnosis of TOS, especially neurogenic TOS, is often considered to be 
difficult because the clinical presentation of TOS is highly variable and many 
pathognomonic signs or symptoms to confirm this syndrome [30]. Furthermore, 
associated double-crush syndrome and hypersensitivity of the involved upper 
extremities can further confuse the clinical presentation. Therefore, there have 
only been a few reports that describe the prevalence of TOS [31]. In the working 
population, Sällström et al. described that approximately 18% of their subjects 
had induced neurovascular symptoms by using the TOS provocation test [32] 
[33]. As for overhead athletes, only one report describes the prevalence of TOS 
in elite volleyball players, ranging from 11% to 27% [34]. We hypothesized that 
baseball players might be more vulnerable to TOS compared with other over-
head-throwing athletes because of the strenuous use of their throwing arm. 

The purpose of this study was to investigate the prevalence of TOS in baseball 
players and clarify their clinical implications using the large epidemiologic data 
from medical checkups in high school baseball players. 

2. Materials and Methods 

Of the 1345 high school baseball players who participated in the annual medical 
checkups, 1288 players without missing data were included in this study. The 
subjects were all male gender and aged 15 to 17 years old (Table 1), and the 
players who had an operation most recently, or who were in treatment for 
traumatic injury of upper extremity were excluded. This study was comprised of 

 
Table 1. Sociodemographic data of the subjects. 

Age 

15 years 165 

16 years 640 

17 years 481 

Mean age (years) 16.2 ± 0.7 

Gender 
Mail 1288 

Female 0 

Mean age of initiation into baseball (years) 9.6 ± 2.2 

Main position 

Pitcher 292 

Catcher 135 

Infielder 480 

Outfielder 356 

Others 25 

Total amount of practice per week 
Days 6.5 ± 0.6 

Hours 27.2 ± 7.5 
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two items: a self-completed questionnaire and a physical examination. A 
self-completed questionnaire form was distributed to the subjects before the 
medical checkup and was collected on the day of the checkup. Items on the 
questionnaire included experience of previous neurovascular symptoms such as 
a sensation of heaviness, numbness, fatigue, or coldness of their throwing arm 
during or after throwing or exercise.  

Experience and number of recurrence of shoulder and/or elbow pain during 
the previous season were also investigated.  

As for the physical findings, the three-minute elevated arm stress test (EAST) 
described by Roos was used as the provocation test for TOS [10]. In the EAST, 
the subjects were instructed to abduct the arms to 90 degrees to the thorax with 
their forearms flexed, also at 90 degrees, and shoulders braced backwards. The 
subjects then clenched and opened their fists at a moderate speed for three mi-
nutes (Figure 1).  

During the test, induced symptoms such as heaviness, numbness, early fati-
gue, hot flushes, and coldness, and the side on which the symptoms occurred 
were registered. In addition, the sustainable period at which the player was able 
to continue the test was also measured to evaluate the severity of TOS. Tender-
ness of the medial ulnar collateral ligament (MUCL), elbow valgus stress test 
(Milking maneuver) [35], subacromial impingement sign (positive Neer test), 
and posterior impingement sign [36] were also investigated to assess the com-
mon shoulder and elbow joint disorders induced by throwing motion. 

In our criteria, “symptomatic TOS” was defined as when the subjects fulfilled 
the following two conditions: 1) previous experience of subjective neurovascular 
symptoms; and 2) positive EAST result in their throwing arm.  

The relationships between symptomatic TOS and upper extremity pain (sub-
jective pain during throwing, MUCL tenderness, and pain induced by stress test) 
were examined by the chi-square test, and odds ratio (OR) and 95% confidence 
intervals (95% CI) were calculated by age- and position-adjusted logistic regres-
sion analysis. P values of less than 0.05 were considered to indicate statistical 
significance. Participants with complete data were entered into the primary  

 

 
The subjects were instructed to abduct the arms at 90 degrees to the thorax with the forearms flexed, 
also at 90 degrees, and shoulders braced backwards. The subjects then clenched and opened their 
fists at a moderate speed for three minutes. 

Figure 1. Three-minute elevated arm stress test (EAST). 
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analysis. All analyses were conducted using JMP version 10.0.2 (SAS Institute, 
Cary, NC, USA). The Research Ethics Committee of our institute approved the 
study protocol, and written informed consent was obtained from all subjects. 

3. Result 
3.1. Experience of Subjective Neurovascular Symptoms  

in the Throwing Arm 

Of the 1288 subjects, 622 (48.3%) had previously experienced at least one neu-
rovascular symptom in their throwing arm. By type of symptom, there were: 403 
reports of (31.3%) of heaviness; 386 (30.0%) of numbness; 164 (12.7%) of fati-
gue; and 113 (8.8%) of coldness. There were no significant differences among the 
player’s positions; however, pitchers had a slightly higher prevalence compared 
with players of other positions. 

3.2. EAST Results 

EAST results were shown in Table 2. Of the 1288 subjects, 1008 (78.3%) had at least 
one symptom induced during EAST. The most commonly induced symptom was 
heaviness, reported by 49.4% of the subjects, while 21.6% experienced numbness, 
15.0% hot flush, 10.1% pain, 8.9% fatigue, and 4.4% coldness. With regards to the 
side on which the symptoms occurred by EAST, 40% of the subjects had symp-
toms induced bilaterally, with a more common occurrence in the throwing arm 
(25%) than in the non-throwing arm (13%). As for the sustainable period at which 
the player was able to continue the EAST, 34.3% of the subjects found it hard to 
continue the EAST for more than 30 seconds, and 4.7% of the subjects were able to 
continue for less than 15 seconds. There were no significant differences among the 
player’s positions in overall prevalence, involved side, and sustainable time. 

 
Table 2. The EAST test results. 

EAST result 
Negative 280 (21.7%) 

Positive 1008 (78.3%) 

Induced symptoms by EAST 

Heaviness 636 (49.4%) 

Numbness 278 (21.6%) 

Hot flush 193 (15.0%) 

Pain 130 (10.1%) 

Fatigue 114 (8.9%) 

Coldness 57 (4.4%) 

Others 27 (2.1%) 

The side on which the symptoms 
occurred by EAST 

Bilateral side 518 (40.2%) 

Throwing side only 327 (25.4%) 

Non-throwing side only 163 (12.7%) 

The sustainable period at which the 
player was able to continue the EAST 

Severe (less 15 sec) 60 (4.7%) 

Moderate (15 - 30 sec) 381 (29.6%) 

Mild (over 30 sec) 567 (44.0%) 

EAST: elevated arm stress test. 

https://doi.org/10.4236/health.2017.98088


K. Otoshi et al. 
 

 

DOI: 10.4236/health.2017.98088 1228 Health 
 

3.3. The Prevalence of Symptomatic TOS (Our Criteria) 

Of the 622 subjects who experienced neurovascular symptoms in their throwing 
arm, 497 subjects exhibited positive EAST results (232 bilaterally, 190 in the 
throwing arm, and 75 in the non-throwing arm). According to our criteria, 422 
(32.8%) of the subjects met the definition of “symptomatic TOS”. There was no 
significant difference among player position, although there was a slightly higher 
prevalence in pitchers. 

3.4. The Influence of Symptomatic TOS on the Throwing  
Disorders of the Upper Extremities 

Shoulder and/or elbow pain were significantly higher in the subjects with symp-
tomatic TOS compared to those without. The prevalence of positive MUCL ten-
derness, milking maneuver, subacromial and posterior impingement sign were 
also significantly higher in the subjects with symptomatic TOS compared to 
those without (Table 3). 

 
Table 3. Clinicodemographic variables according to presence of symptomatic TOS.  

   
Total  

(n = 1288) 

Subjects with  
symptomatic  

TOS (n = 422) 

Subjects without  
symptomatic  

TOS (n = 866) 
P-value 

Age(years) 

15 165 (12.8%) 33 (7.9%) 132 (15.2%) 

<0.001 16 640 (49.8%) 195 (46.4%) 445 (51.4%) 

17 481 (37.4%) 192 (45.7%) 289 (33.4%) 

Main position 

Pitcher 292 (22.7%) 106 (25.1%) 186 (21.5%) 

0.577 

Catcher 135 (10.5%) 41 (9.7%) 94 (10.9%) 

Infielder 480 (37.3%) 148 (35.1%) 332 (38.3%) 

Outfielder 356 (27.6%) 119 (28.2%) 237 (27.4%) 

Others 25 (1.9%) 8 (1.9%) 17 (2.0%) 

Positive subjective 
symptom during the 

previous season 

Shoulder/elbow pain 
Negative 423 (32.8%) 97 (23.0%) 326 (37.6%) 

<0.001 
Positive 865 (67.2%) 325 (77.0%) 540 (62.4%) 

Reccurence of shoulder/elbow 
pain 

Negative 707 (54.9%) 168 (39.8%) 539 (62.2%) 
<0.001 

Positive 581 (45.1%) 254 (60.2%) 327 (37.8%) 

Abnormality of Physical 
findings 

MUCL tenderness 
Negative 1103 (85.6%) 327 (77.5%) 776 (89.6%) 

<0.001 
Positive 185 (14.4%) 95 (22.5%) 90 (10.4%) 

Milking maneuver 
Negative 1169 (90.8%) 358 (84.8%) 811 (93.4%) 

<0.001 
Positive 119 (9.2%) 64 (15.2%) 55 (6.4%) 

Subacromial impingement 
sign 

Negative 1207 (93.7%) 383 (90.8%) 824 (95.1%) 
0.003 

Positive 81 (6.3%) 39 (9.2%) 42 (4.9%) 

Posterior impingement sign 
Negative 1121 (87.0%) 337 (79.9%) 784 (90.5%) 

<0.001 
Positive 167 (13.0%) 85 (20.1%) 82 (9.5%) 

MUCL: Medial ulnar corlateral ligamenent. 
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Table 4. Age and position-adjusted odds ratio for the association between symptomatic 
TOS and upper extremity disorders. 

  
Odds 
ratio 

95% confident  
interval 

P-value 

Positive subjective 
symptoms during the 

previous season 

Shoulder/elbow pain 1.96 1.50 - 2.58 <0.001 

Reccurence of shoulder/elbow pain 2.38 1.87 - 3.04 <0.001 

Abnormality of Physical 
findings 

MUCL tenderness 2.53 1.83 - 3.50 <0.001 

Milking maneuver 2.63 1.78 - 3.91 <0.001 

Subacromial impingement sign 1.92 1.20 - 3.07 0.007 

Posterior impingement sign 2.34 1.67 - 3.28 <0.001 

MUCL: Medial ulnar corlateral ligamenent. 
 

According to the age and position-adjusted logistic regression analysis, sub-
jects with symptomatic TOS were at significantly higher risk of shoulder and/or 
elbow pain (odds ratio [OR]: 1.96, 95% confidence interval [CI]: 1.50 - 2.58) and 
had a higher recurrence rate of shoulder and/or elbow pain during the previous 
season (OR: 2.38, 95% CI: 1.87 - 3.04) compared with subjects without sympto-
matic TOS. As for physical findings, subjects with symptomatic TOS were also at 
significantly higher risk of MUCL tenderness (OR: 2.53, 95% CI: 1.83 - 3.50), 
positive milking maneuver, (OR: 2.63, 95% CI: 1.78 - 3.91), positive subacromial 
impingement sign (OR: 1.92, 95% CI: 1.20 - 3.07), and positive posterior im-
pingement sign (OR: 2.34, 95% CI: 1.67 - 3.28) compared to the subjects without 
symptomatic TOS (Table 4). 

4. Discussion 

It has been strongly suspected that neurovascular structures may be at high vul-
nerability to compression or stretching by throwing motions. Therefore, over-
head-throwing athletes, especially baseball players, may be more be susceptible 
to the development of TOS. 

During the late cocking and acceleration phases, the throwing shoulder is 
brought into abduction, extreme horizontal extension and external rotation with 
the scapula and clavicle in maximally retracted positions. At the costoclavicular 
space, the distance between the 1st rib and clavicle decreased by nearly 50% when 
the arm moved from a neutral position to an ABER position [13] and the sub-
clavian artery as being identified below the subclavius muscle [21] [37] [38]. 

Repetitive contraction and traction stress caused by the throwing motion may 
induce not only the hypertrophy of scalene muscles and pectoralis minor mus-
cle, but also intramuscular hemorrhage and fibrosis, which could enhance com-
pression of the neurovascular bundle at the inter-scalene triangle and subcora-
coid space [4] [18] [39] [40] [41]. 

Stretching of the brachial plexus may also contribute to causing neuronal 
dysfunction. Furthermore, the strong traction force to the throwing arm during 
the deceleration and follow-through phases could put extreme traction stress on 
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the neurovascular bundle. Abnormal posture of unilateral drooping, sagging, or 
sinking of the shoulder girdle, which is sometimes observed in the dominant 
side of overhead-throwing athletes, causes traction on the lower trunk of the 
brachial plexus against the first rib.  

Our study revealed that about one-third (32.8%) of high school baseball play-
ers are affected with symptomatic TOS. This is the first report to demonstrate 
the exact prevalence of TOS in baseball players, which is about three times more 
common than that in heavy industrial workers [32] [33] and 1.5 to three times 
more common to that in elite volleyball players [42]. Our results confirmed that 
baseball players might be at a higher risk of TOS compared with other over-
head-throwing athletes.  

Around 70% of baseball players who received 1st rib resection for TOS com-
plained of shoulder and/or elbow pain prior to surgery [43]. The current study 
also demonstrated that the prevalence of shoulder and/or elbow pain expe-
riences and their recurrence rate were significantly higher in subjects with 
symptomatic TOS compared to those without. Furthermore, the incidence of 
MUCL tenderness, positive milking maneuver, and positive subacromial and 
posterior impingement sign were also higher in the symptomatic TOS group. 
The reason is believed to be that the compression of the brachial plexus at the 
thoracic outlet may disturb the axonal flow and induce disruption of the neuro-
filament architecture, which provokes the neuronal dysfunction and induces 
hypersensitivity of the involved upper extremity [44] [45]. This may exacerbate 
not only the nociceptive pain originating from the structural disorder of the 
shoulder and elbow joint, but also neuropathic pain attributed to entrapment 
peripheral nerve neuropathy (double crush syndrome). Therefore, it is impor-
tant to take into account the involvement of TOS in upper extremity symptoms, 
especially when examining throwing athletes complaining of severe and/or pro-
longed upper extremity pain in excess of normal expectancy. 

In the present study, about 40% of the subjects had bilateral symptoms in-
duced by EAST regardless of past or present experience of neurological symp-
toms. One possible cause of bilateral symptoms could be congenital bilateral 
anatomical abnormalities such as cervical ribs, 1st rib anomalies, vertebral ano-
malies, cervical muscle variants, and fibrous or muscular bands. It has been con-
sidered that most patients who suffer TOS have some anatomical predisposition, 
and in severe cases, impingement could occur at low functional levels [41]. Fu-
rushima et al. reported that subjects with severe TOS have some anatomical ab-
normalities of the origin and insertion of the scalene muscle, in which variation 
may cause compression within the interscalene triangle [46]. The other possible 
reason could be that bilateral hypertrophy of the scalene and pectoralis minor 
muscles induced by strenuous exercise is often observed in athletes [18] [39] 
[41]. The subclinical congenital and/or acquired anatomical pathology may be 
elicited neurovascular symptoms in the athletes when strenuously using their 
unilateral or bilateral arm in overhead activity. 

There are several limitations in this study. The first is the insufficient criteria 
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to diagnose TOS. Since the clinical presentation of this syndrome can be highly 
variable, this complex syndrome maybe difficult to diagnose, and an accurate 
diagnosis can only be made through detailed medical interviews and physical 
examinations. In the current study, symptomatic TOS was defined as the com-
bination of positive EAST in the throwing arm, and previous experience of sub-
jective neurovascular symptoms to make more precise diagnosis. However, these 
methods might still be insufficient because our study did not assess vascular 
TOS, which may have a more serious outcome with the potential of vascular 
compromise, and the involvement of peripheral nerve pathologies. More com-
prehensive and precise evaluation criteria should be established to make an ac-
curate diagnosis of TOS. The second limitation is the design of our study. Since 
our study was a cross-sectional study, it was not possible to assess a causal rela-
tionship between TOS and upper extremity pain. It is necessary to conduct a 
prospective longitudinal study to confirm this relationship. The third limitation 
is that it may be insufficient to say that baseball players are at higher risk to de-
velop TOS compared with the general population or athletes of other sports, be-
cause the criteria of TOS in previous studies was different from that of our study. 
Investigation into the prevalence of TOS in age and gender-matched control 
groups using the same criteria is required. 

5. Conclusion 

It is necessary to recognize that TOS is not a rare pathology in overhead-throwing 
athletes, especially baseball players, and players with symptomatic TOS are at a 
significantly higher risk of shoulder/elbow pain. 
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