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ABSTRACT 

Sports participation is an important part of the high school experience for many 

adolescents. Psychosocial factors and the culture of team athletics can play a role in an 

athlete' s motivation to continue to play or to fail to report signs of injury (Van Wilgen & 

Verhagen, 2012; Ward, 2004). Neurogenic Thoracic Outlet Syndrome (NTOS) is one 

consequence of this tendency. 

In recent years, NTOS in professional athletes has been highlighted in the media 

(Langosch, 2013). Since 2001 , five pitchers from one major league team were diagnosed 

with NTOS. High school sport practices often fall short in preventing overuse injures 

such as NTOS, due to the concentration on skill building while neglecting to strengthen 

antagonist muscles. For high school level baseball and softball players this leads to 

imbalance in the muscles needed to produce a high velocity throw (Zaremski & Krabak, 

2012), which can ultimately result in overuse injuries such as NTOS. 

This doctoral project will address the need for a preventative and educational 

program for high school varsity baseball and softball players who are at risk for thoracic 
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outlet syndrome (TOS) due to structural imbalance and overuse. The project will include 

the creation of educational material with exercise and strengthening guidelines to prevent 

NTOS in at risk high school varsity baseball and softball athletes while addressing the 

motivational factors that contribute to the problem. The target population of this program 

will be high school varsity baseball and softball athletes and their coaches. 
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Chapter 1: Introduction 

Thoracic outlet syndrome (TOS) is a diagnosis affecting the upper quadrant of the 

body. Initially, TOS was viewed with skepticism in the medical world, now it is used to 

describe a constellation of symptoms ofthe upper quadrant (Hooper, Denton, 

McGalliard, Brismee & Sizer, 2010). TOS manifests with symptoms such as: Heaviness 

or weakness of the upper extremity, an extremity that fatigues easily, pain in the upper 

extremity, face or posterior shoulder, swelling or color changes of the upper extremity, 

numbness, and parasthesias or complete sensation loss in the affected extremity. 

According to Urschel & Kourlis (2007), "thoracic outlet syndrome refers to compression 

of one or more of the neurovascular structures traversing the superior aperture of the 

chest" (p. 125). The pressure created through this compression produces symptoms that 

can be troublesome and often debilitating. 

In recent years, TOS in professional athletes has been highlighted in the media 

(Langosch, 2013). For example, since 2001, five pitchers from one major league team 

have been diagnosed with TOS (Somers, 2009). However, the overall prevalence ofTOS 

is difficult to determine. Roos (1999), highlighted several peripheral nerve syndromes of 

the upper extremity that share the same symptoms as TOS, but indicated with careful 

testing they can be excluded as the primary diagnosis. A 50 year retrospective review of 

TOS treatment at Baylor University Medical Center conducted by Urschel et al. (2007), 

leaders in the treatment of TOS, reported that of the patients referred to them for nerve 

conduction velocity (NCV) testing, 38% each year demonstrated TOS. These researchers 

do not specifically discuss the occupations of the patients, but of the "more than 8000 
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NCV studies" (p. 127) performed annually, it would be safe to assume that some are 

likely to have been performed on athletes. 

Without detection, athletes can go undiagnosed for years while their skill declines 

due to compression of the brachial plexus or vasculature in the upper extremity. In more 

severe cases, athletes may develop occlusions to arteries or veins in the shoulder with the 

potential for irreversible damage to the extremity (Ioannou, Kafetzakis, Kounnos, 

Koukoumtzis, Tavias & Kostas, 2012). Creating educational material for an awareness 

and preventative program including strengthening exercises and educational material 

could decrease the future effects on an athlete's performance and overall upper extremity 

health. 

According to the American Occupational Therapy Association's Occupational 

Therapy Practice Framework (OTPF) (2008), athletics can be categorized in the 

occupation of play; more specifically play participation. However, for athletes who are 

seeking scholarships based on their outstanding athletic ability, the ability to perform 

their sport of choice could be their key to a college education, which links athletics to 

another area of occupation: Formal education participation. 

There is a lack ofunderstanding ofthe diagnosis ofTOS. TOS is regularly under 

diagnosed or misdiagnosed. In addition, athletes often "play through" the symptoms to 

stay in the game making the symptoms and outcome worse. In a qualitative study of 

athletes and coaches, 72% of the subjects polled reported psychological factors as the 

reason for repetitive use injury with underlying themes such as, training for long periods 

of time at an intensity the athlete physically cannot handle, insufficient periods of rest 
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between training sessions or after an injury (van Wilgen & Verhagen, 2012). Malcom 

(2006), conducted first hand social observational research into the socialization of pain in 

novice female softball players and found coaches encouraged the players to ignore pain 

and injury by ignoring player's complaints of pain, attempting to laugh offthe player' s 

complaints or telling the player to "shake it off'. Malcom also found that the coaches 

would minimize their own injuries during practice, essentially teaching. by example. This 

article highlights young athletes initiation into the sport ethic, underscoring the culture of 

"playing through" the pain and potentially leading to an overuse injury. 

Strengthening programs for athletes are often inadequate in the prevention of 

imbalance of the shoulder girdle. Coaches and trainers tend to concentrate on the 

obvious muscles at work for the particular sport, ignoring stabilizers of the upper 

extremity. Crosby & Wehbe (2004), indicated proper balance of the upper quadrant by 

shortening or lengthening the surrounding muscles can reduce pressure on the nerves in 

the thoracic outlet. 

Overuse of the upper extremity contributes to thoracic outlet syndrome. Coaches 

and trainers often lose site ofthe fact that these athletes are not fully-grown, recovery and 

rest is needed to prevent injury. Zaremski & Krabak (2012), found adolescents produce a 

larger amount of Type III collagen than their adult counterparts. This collagen is a major 

component in ligaments and tendons. The increased collagen leads to joint laxity. The 

authors feel this laxity and the weak epiphyseal plate of an adolescent, coupled with the 

force required to throw, predisposes young throwers to shoulder injury. It could be 

hypothesized that a regimented strengthening program, with a concentration on balance 
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of the upper quadrant, could prevent injury. 

Motivation to remain in the game despite signs of injury, is often the driving force 

for players to push their body to the point of injury; this is no different in high school 

level sports. By providing education on the risks of this behavior, injuries may be able to 

be prevented. The problem can be addressed through education to the varsity level 

baseball play, softball player and varsity coaches. The education will include structured 

educational sessions in 30-60 minutes sessions to address the anatomy of the thoracic 

outlet, the three types of thoracic outlet syndrome, the causes of thoracic outlet syndrome 

and repetitive use injuries. Due to the difference in the educational level of the target 

audience, these sessions will include educational materials appropriate to each audience's 

educational level. Education in preventative measures will include, strengthening of the 

shoulder girdle and the scapular stabilizers with information why this is effective, as well 

as education in positions or tasks outside of baseball and softball that could exacerbate 

symptoms. 

This doctoral project will address the need for a preventative and educational 

program for high school varsity baseball and softball players who are at risk for thoracic 

outlet syndrome (TOS) due to structural imbalance and overuse. The project will include 

the creation of educational material, exercise and strengthening guidelines to prevent 

TOS in at risk high school varsity baseball and softball athletes. The target population of 

this program will be high school varsity baseball and softball athletes and their coaches. 

The outcome will be the implementation of this preventative and educational program 

into the high school varsity baseball and softball programs in the Wayne Central School 
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District Ontario, New York. If successful, the program will be marketed to other districts 

in the Rochester, NY area. 
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Chapter 2: Theoretical And Evidence Base Of Support The Proposed Project 

According to the American Academy of Orthopaedic Surgeons ' initiative Stop 

Sports Injuries, since 2000 there has been a five-fold increase in serious shoulder and 

elbow related injuries among youth baseball and softball players (Stop Sports Injuries, 

2013 ). Zaremski & Krabak (20 12), suggest that the risk of injury is related to the 

increased collagen production in the skeletally immature adolescent. This creates excess 

laxity in the capsular and ligamentous structures of the shoulder thus increasing the injury 

potential. In addition, the concentration on skills training in the preseason lacks the 

emphasis on strengthening the upper quadrant ultimately creating well-developed anterior 

musculature and poorly developed static stabilizers. As the level of play intensifies from 

community level to school based baseball and softbafl programs, the demands on the 

athlete's upper extremity increases. This creates an environment of repetitive use ofthe 

upper extremity for high velocity throwing of a baseball or softball with a shoulder girdle 

that has muscular imbalance and poor stability. 

The muscular imbalance and weak scapular stabilizers leave the upper extremity 

poorly stabilized, thus allowing the anterior musculature, pectoralis minor and major to 

hypertrophy, eventually rounding the shoulders anteriorly (Phadke, Camargo, & 

Ludewig, 2009). Due to the position and stress of the upper extremity when repetitively 

throwing at high velocities, the internal structures, the brachial plexus and the subclavian 

artery and vein, become compressed within the thoracic outlet, within the scalene 

muscles or under the pectoralis minor muscle. Compression at the scalene level can be 

due to throwing or to increase work of breathing during sports play where the anterior 
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and middle scalene work to raise the rib cage on inspiration (Hudson, Taylor, Anand, 

Gandevia, & Butler, 2010). When the discomfort in the upper quadrant begins, playing 

through the pain leads to increased pain, weakness, numbness, parasthesias, color change, 

or in severe cases, emboli or ischemia. 

Self Determination Theory 

Self Determination Theory (SDT) is a macro theory that can be applied to various 

situations and contexts. The theory has been used in education, sports, healthcare, work, 

leisure, and business (Deci & Ryan, 1985). The proposition that individuals strive for 

autonomy, relatedness and competence makes the theory relevant in any context where 

individual behavior and motivation is examined. The authors describe motivation as 

being intrinsic and extrinsic in nature and closely tied to autonomy. This can be seen in a 

sports environment when players look for glory in the moment or feel pressure not to let 

the team down, ultimately playing through pain. What starts as minor pain can become a 

repetitive use injury such as TOS when players repeatedly play injured. The use of this 

theory will be beneficial in counteracting the cultural tendency to play through injuries or 

to neglect reporting them by using a player' s motivation to be in control of their own 

health and downplaying the extrinsic factors such as sanctions by coaches or ridicule by 

teammates when doing so. By changing the culture ofthe team one player at a time, 

everyone Wins. 

Social Action Theory 

Social Action Theory (SAT) addresses the group dynamic ' s influence on social 

norms (Weber, 1978). Weber believed that social structures direct and defined human 
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behavior; and that these social structures are predominantly bureaucratic or institutional 

in nature and are constructed of individuals who carry out rational social actions to reach 

the goals of the bureaucracy or institution. The actions used to achieve these goals are 

described as traditional, affected or emotional and rational action (Bryant, 2013). 

SAT can be used to explain the individual's willingness to play through pain to 

their detriment. That is, for the good of the team. In this project, the bureaucracy or 

institution is the varsity baseball or softball team and the goal of the institution is to win. 

The players and coaches on the team are aware of the goal to win. To achieve this goal, 

they implore traditional social action or actions that are traditional, cultural or habitual in 

nature. For example, the habitual nature of playing with pain or the cultural expectation 

of the team and coaches that athletes with injuries stay in the game as long as possible for 

the good of the team in an effort to achieve their goal of winning the game. 

SDT and SAT are intertwined in their explanation of the motivation or reason for 

an athlete to play through pain. SDT bases its theory on choice in determining 

motivation, the less choice or autonomy an individual has, the more extrinsically 

motivated they are. The more extrinsically motivated the individual, the more likely the 

team, the coach, and their need for glory or recognition are influencing their motivation. 

SAT's explanation is tied to motivation in that an institution goal to win drives the player 

to be extrinsically motivated to stay in the game despite pain or the risk of further injury. 

Guiding Questions 

A literature review was conducted to support the project proposal of a TOS 

prevention and education program for varsity level baseball and softball players. The 
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search was conducted using the following databases or sources: PubMed, Cinhal, Psych 

Info and Google Scholar. The search terms were used in various combinations using the 

keywords: Scapula, shoulder stability, scapular stabilizers, conservative treatment, 

thoracic outlet syndrome, athlete, prevention, throwing athlete, scapular dyskinesis, 

scapular function, injury prevention, motivation, sports injury, children, peers, motivation 

affects and motivation in sports. To direct the search, the following guiding questions 

were used: 

1. Is there evidence that strong scapular stabilizers help create stability of the 

shoulder? 

2. Is there evidence that shoulder stability can decrease the risk of thoracic 

outlet syndrome (TOS) in throwing athletes? 

3. Is there evidence that sports injury education can prevent injury in child 

athletes? 

4. Is there evidence that extrinsic motivation in sports can lead to an overuse 

injury? 

Is there evidence that strong scapular stabilizers help create stability of the 

shoulder? 

Little quantitative evidence was found to support strong scapular stabilizers create 

stability of the shoulder specifically in throwing athletes. There is, however, a multitude 

of literature reviews that support the general concept of scapular stabilizers creating 

stability for the shoulder. Cools, Struyf, De May, Maenhout, Castelein & Cagnie (2013), 

conducted a literature review in which they concluded an increase in pain leads to 
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compensatory motion of the upper extremity to protect against further pain, this 

compensation continues, it will lead to long term affects on the upper extremity. In 

addition, decreased scapular stabilizer muscle strength leads to decreased control and 

then dysfunction of shoulder motion. They also state that tight pectoralis muscles can 

lead to imbalance of the shoulder and pain. Jaggi & Lambert (2010), found in their 

literature review that anterior capsule laxity, scapular dyskinesis and muscle imbalance 

lead to glenohumeral joint translation in overhead throwing athletes with overuse injuries. 

They also found that the treatment of a non-traumatically injured shoulder, such as in 

overuse, or one with structural problems should begin with increasing strength within the 

muscle patterns that create stability within the force couples of the shoulder. In a position 

paper by Kibler, Ludewig, McClure, Michener, Bak & Sciascia (2013), the authors stated 

that altered scapular motion or position decreases subacromial space, increases 

impingement symptoms, decreases rotator cuff strength and increases strain on anterior 

ligaments. They also noted that the shortening of pectoralis minor has been suggested as 

a cause of shoulder impingement and pain. The authors recommend that by maintaining 

the kinesthetic ofthe shoulder, injury can be prevented or remediated. 

One randomized control trial was found with swimmers as the subjects. Hibberd, 

Oyama, Spang, Prentice, & Myers (2012), looked at 37 National Collegiate Athletic 

Association (NCAA) Division I swimmers to determine the effects of a six week 

intervention program on the shoulder girdle, scapular musculature strength and 

kinematics. The treatment group' s program included exercises for strengthening using 

theraband exercises for shoulder flexion, extension, internal and external rotation, low 
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rowing position, throwing acceleration and deceleration motions in addition to routine 

swim practice. The study group showed an increase in strength in the intended muscles 

compared to the control group, increased internal rotation angle of the intervention group 

and a significant effect on scapular retraction and upper extremity extension between 

sessions regardless of the group. The authors attribute the benefit to the scapular 

retractors to the level of intensity of in pool training. This statement may provide some 

support for the use of a strengthening program in the high school setting given the 

intensity of training is not that of a collegiate program. This study shows a strengthening 

program produces results though it does not specifically tie these results to performance 

or throwing as the study was conducted on swimmers. 

While there appears to be a body of evidence represented in literature reviews, 

randomized control trial (RCT) designs that specifically state that strong scapular 

stabilizers increase shoulder stability are lacking. This may be due to the anecdotal 

evidence based on researchers' understanding of anatomy limiting their feeling that there 

is a need to quantify this evidence. 

Is there evidence that shoulder stability can decrease the risk of thoracic outlet 

syndrome (TOS) in throwing athletes? 

More quantitative studies were found for question two: Is there evidence that 

shoulder stability can decrease the risk ofTOS? The search for this question yielded a 

large number of peer reviewed articles. Of these articles, six articles were chosen as best 

representing the question asked. Of these six articles reviewed, only one article 

specifically referred to TOS, however it was not a quantitative study. Vanti, Natalini, 
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Romeo, Tosarelli & Pillastrini (2006), conducted a literature review of conservative 

treatment ofTOS. They uncovered 200 studies that were controlled or randomized 

though they comment that quality was lacking in the body of evidence uncovered. The 

authors chose to review ten articles from 1983 to 2001. The authors overall findings 

were that RCT designs are lacking to support conservative treatment over surgical 

treatment once TOS has been diagnosed, although all the studies demonstrated varying 

degrees of efficacy for conservative treatment. Many studies also cited a protocol for 

conservative treatment first proposed in 1956 by Peet, Hendriksen, Anderson & Martin, 

which involved the use of strengthening of the levator scapulae, stretching of the 

pectoralis muscles and postural correction. Unfortunately, V anti et al. (2006), did not list 

the participant criteria for each study reviewed; therefore it is unclear if any of these 

studies were conducted on athletes with TOS. 

Ofthe remaining five articles of the initial six chosen, one described their subjects 

as overhead athletes and four studies reported using baseball or softball players. Of the 

remaining articles, all are quantitative studies. Of the four studies using baseball and 

softball players, only one study used softball players and only two studies used female 

participants. Merolla, De Santis, Campi, Paladini & Porcelline (20 1 0), looked at overhead 

throwing athletes. In a quasi-experimental study of a strengthening and stretching 

program of the upper quadrant musculature over six months, the authors found posterior 

capsule tightness occurs with cumulative load of the shoulder musculature, stretching is 

needed to increase velocity and scapular position provides stability to the rotator muscles 

for the throwing action. 
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Oliver, Dwelly & Kwon (2010), completed an observational three group 

comparison study of 17 female competitive fast pitch softball pitchers to observe the 

kinematic chain in the windmill pitch. The groups were divided into novice, intermediate 

and advanced pitchers based on their years of competitive pitching experience. The 

authors found that the novice pitchers relied more on the upper arm and forearm to create 

velocity in the pitch. Ultimately, the novice pitchers had less velocity than the other two 

groups. The intermediate and advanced groups created velocity from sequential proximal 

to distal motions of the trunk, lower extremities and then the arm. Their research 

revealed that the shoulder and upper arm do not make large contributions to velocity, but 

they are needed to assist in peak velocity for the distal segments. The authors 

recommended that the focus in training should be on velocity production, " in doing this, 

it is imperative that we concentrate on building a solid foundation of the supporting 

musculature supporting the trunk, shoulder and elbow .. .Instructing the proper technique 

early is paramount for performance enhancement and injury prevention" (p. 2406). 

Myers, Laudner, Pasquale, Bradley & Lephart (2005), completed a descriptive 

laboratory study using 3D measurements of the scapula during each position of the 

shoulder in throwing athletes compared to the non-throwing control group. The authors 

looked at 21 male baseball players in each group and found there was an increase in the 

upward rotation of the scapula with arm elevation and internal rotation in throwers. 

There was also a significant amount of retraction of the scapula during arm elevation in 

throwers. The authors concluded that this contributes to the cocking phase of the throw 

for the explosive acceleration during the throw. 
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Myers, Oyama & Hibberd (2013), completed a prospective study on the use of a 

preseason screening via trained observer to detect scapular dysfunction due to chronic 

adaptation in throwing athletes versus their non-throwing control group. They compared 

survey results from the 246 varsity baseball players related to injury history, position 

played and amount of playing time. The participants were videotaped while they 

performed five repetitions of shoulder flexion and shoulder abduction holding a 3-51b. 

weight. The trained observer would then review the tape for "subtle dysfunction and 

obvious dysfunction" (p. 1155). Analysis was then performed to compare the observer 

findings and the survey information. The authors found no significant difference in 

injury rates for the subtle scapular dysfunction group and the normal scapular function 

group. The methods for this study were highly unscientific, with little relevance to 

throwing position or mechanics as the motions were in linear planes and did not occur 

with any velocity. 

Trakis, McHugh, Caracciolo, Busciacco, Mullaney & Nicholas (2008), conducted 

a controlled fixed effects design study of 23 starting pitchers of local high school baseball 

teams. None of the players had pain at the start or during the test. In a laboratory setting, 

they looked at the athletes range of motion (ROM) in internal rotation (IR) and external 

rotation (ER), their hand dominance, prior injury history from a questionnaire given prior 

to testing, and strength of the rhomboids, latissimus dorsi, trapezius, internal and external 

rotators. The testers were blinded to the hand dominance of the athlete. The authors 

found the pitchers had less IR than ER on the dominant side and increased strength of all 

muscles of the dominant side except the rhomboids and supraspinatus. When looking at 
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the results of testing compared to the questionnaire for each athlete, they found about half 

of the athletes had pain during throwing in games despite the lack of difference in 

number of games pitched between the pain and no pain subjects. The authors found a 

small difference in the strength of the supraspinatus and middle trapezius between the 

dominant and non-dominant arms in the athletes who had pain prior to testing. The 

authors concluded that the pitchers with prior pain had adapted their throwing by 

increasing the strength of the propulsion muscles anteriorly to compensate for the weak 

deceleration muscles posteriorly. They felt this was due to the adolescent pitchers 

inability to tolerate the force related stress on the posterior stabilizing muscles of the 

shoulder. The authors reported that adolescent pitchers could benefit from education and 

posterior strengthening to prevent injury. This study supports the theory that posterior 

shoulder weakness can lead to injury; thus strengthening the posterior musculature and 

scapular stabilizers as an injury prevention strategy could be effective. 

Is there evidence that sports injury education can prevent injury in child athletes? 

This proje,ct involves the use of an injury prevention program. A literature review 

was conducted to answer the question: Is there evidence that sports injury education can 

prevent injury in child athletes? Injury prevention studies related to sports proved 

difficult to find. Of the four studies that answered the question, only one of these studies 

was conducted in the United States (US). This void in the literature may support the lack 

of focus on injury prevention in the US, which is alarming given there is an estimated45 

million children involved in organized sports (Nationwide Children's, 2013), though it 

may account for the five-fold increase in serious shoulder and elbow related injuries in 
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the US among youth baseball and softball players (Stop Sports Injuries, 2013). 

Gianotti, Hume & Tunstall (20 1 0), conducted a descriptive study of coaches of 

non-professional athletes in New Zealand. The coaches completed a course in injury 

prevention and were given take home materials such as DVDs, booklets, posters or 

pocket reference cards. The study looked at the ability of the coaches to recall the 

information, how they used the information and if they passed on the information to their 

athletes. The study was conducted through an online survey emailed to the participants 

or by phone interview one month after the course was completed. The authors found that 

89% ofthe coaches changed the way they coached and 95% reported passing information 

onto their players by using the information as they coach. The coaches considered the 

booklet as the most useful tool. This study suggests that prevention programs are highly 

useful to coaching staff. It also demonstrates the importance of written material as a 

reference. 

The remaining three articles found on injury prevention where conducted with 

athletes as the subjects with the exception of one study that used athletes and coaches. 

Only one study was an American study. In a cluster RCT study by Emery and 

Meeuwisse (2010), the authors found a 38% reduction in injury comparing a group of 

athletes involved in an injury prevention training program involving strengthening, 

stretching and agility, versus the standard training program group. They also reported a 

43% reduction in acute onset injury in the treatment group. The authors noted that the 

athletes with prior injuries had a greater risk of another injury. 

Van Wilgen & Verhagen (2012), conducted a qualitative study with a group of 
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nine athletes who had experienced an overuse injury and nine coaches who had trained 

athletes with overuse injuries. The study used in-depth interviews to look at participants 

definition of overuse injuries and beliefs about the factors related to injury. The authors 

found that 83% identified physical factors and technique as risk factors, all participants 

reported psychological factors as risk factors such as too much drive, not knowing when 

to stop, drive to succeed, training despite being fatigued, only 39% reported heredity as a 

risk factor. This study demonstrates first-hand the perception of the motivating factors to 

play injured or in pain. In addition, technique and form play a role in injury risk. 

Ward (2004), conducted a comparative quantitative study of high school students' 

knowledge of risk factors for sports injuries. The study looked at two groups, those 

taking a physical education class (PE) and those who were not. All the subjects had 

access to the local YMCA and lived in the same town. The authors found that 58% had a 

sports related injury, 4 7% reported using protective equipment during school games, but 

only 7% used it during games at the local YMCA, 60% reported their coach educated 

them on risk factors for injury and 68% reported their coach taught them how to prevent 

injury. Only 10% reported they warm up and stretch, while 60% reported they cool down 

after playing. The authors also found that 24% of participants felt pressured by their 

parents to play after they have been injured and 31% reported pressure by their coach to 

play after they have been injured. This study suggests that despite education to athletes 

by coaches regarding injury prevention, coaches and parents continue to pressure athletes 

to play after they have been injured. This study supports the need for prevention and 

education. 
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Is there evidence that extrinsic motivation in sports can lead to an overuse injury? 

Extrinsic motivation can be a driving factor for children in sports. This projects 

will address the negative ways that extrinsic motivation influence an athlete's choice to 

play through pain or to play injured. Four studies were found in the search to address this 

question and one study used elsewhere in this summary paper was found to also answer 

this question. 

Van Wilgen & Verhagen (2012),conducted a qualitative study with a small group, 

nine athletes who had experienced an overuse injury and nine coaches who had trained 

athletes with overuse injuries. The study used in-depth interviews to look at participants 

definition of overuse injuries and beliefs about the factors related to injury. Within this 

study the authors found 100% of participants reported psychological factors as risk 

factors for injury such as too much drive, not knowing when to stop, drive to succeed, 

training despite being fatigued. 

Assor, V ansteenkiske & Kaplan (2009), looked specifically at two types of 

introjected motivation, which falls under the category of extrinsic motivation in SDT; and 

how each one had a positive or negative effect on task performance. Specifically, they 

used a 192-question survey asking why the participants participant in their sport. The 

surveys used avoidance wording or approach wording in the answers in a Likert scale. 

Each answer was associated with a type of motivation; amotivation (lack of perceived 

confidence or lacking value in the activity), external motivation (an activity that is done 

to reach an outcome), integrated motivation (an activity that satisfies a psychological 

need and gives the individual a sense of self) and intrinsic motivation (an activity that is 
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done for fun or that the individual is interested in). They found that introjected avoidance 

wording more positively correlated with extrinsic motivation than introjected approach 

wording and identified motivation correlated more strongly with intrinsic motivation than 

with introjected approach. In addition, introjected avoidance was more positively 

predictive of depressive feelings and negative affect, while identified motivation 

demonstrates the most positive pattern of well-being and performance correlates in sports 

domain. What this study tells us is the wording in educational materials may be 

important to lead the athlete toward behaviors that are more intrinsically motivating. By 

identifying the type of motivation an athlete feels, we can better tailor the education and 

prevention program to be effective in reducing risk factors and ultimately reduce injuries. 

Chan & Hagger (2012), conducted a quantitative study of the process of sport 

injury prevention motivation across contexts for 533 elite athletes. The authors found 

sport injury prevention was significantly impacted when there was a perceived autonomy 

support by their coach and that they were motivated by the love of the sport or the desire 

to achieve a goal. The authors propose that there is a trickling down of motivation for 

prevention of injury to sport performance. It can be argued that if we can convince the 

athletes prevention of injury is the best way to stay in the game, we can potentially move 

their motivation closer to intrinsic in nature and thus closer to meeting there basic 

psychological needs, which may make them more likely to comply. 

Keegan, Harwood, Spray & Lavallee (2009), and Vazou, Ntoumanis & Duda 

(2005), both conducted qualitative interviews and reviewed the transcripts for common 

themes on how coaches, parents and peers influence athlete motivation and how peers 
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influence motivation .. Keegan et al. (2009), found that a coach's influence is more in the 

execution of the sport, parents influence interaction and learning skills, coaches' and 

parent's behaviors influence the child. They also found that peers have the most effect 

when they use competitive behaviors, with their style of communication and their 

relationships to each other. 

Vazou et al. (2005), reported in their study regarding peers and motivation, that 

72% felt they should play how their teammates want them to, 100% report the team 

displays unsupportive behaviors (blaming for poor performance, negative comments, 

emphasizing a teammates weaknesses), while 69% encourage teammates to keep trying 

when they failed and only 44% felt they are nurtured by teammates. They also reported 

that 85% said they compare themselves to others, 58% strive to outperform their 

teammates, 92% prefer the most competent teammates, 48% care about winning and 44 

% say the competent ones play a central role within the team. These findings are 

indicators of the pressure that may be placed on an athlete by their teammates to perform 

even in pain. Competition, comparison to their peers, drive to win and the influence of 

the "competent ones" are all extrinsically motivating factors that likely contribute to 

athletes playing through pain or playing injured. This study supports the hypothesis that 

the group dynamics of the team can influence whether an athlete plays through pain or 

avoids telling someone about their pain. Education on repercussions of playing injured or 

not reporting pain is needed. 

The first portion of this chapter discussed the problem and how to address it 

theoretically and through a review of the evidence. It is also important to look at the 
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alternatives in the evidence for treatment or addressing the problem. The remainder of 

this chapter consists of the evidence regarding the previous attempts to address thoracic 

outlet syndrome in throwing athletes. 

To address the alternatives for treatment ofTOS, a search was conducted on the 

Boston University, University of Rochester library websites and on the Internet via 

Google Scholar for literature in peer reviewed journals. The search was conducted in the 

PubMed, CINAHL, SPORTDiscuss, Academic Premier, Web of Science and Medline 

databases using the following words in various combinations: Effectiveness, treatment, 

conservative, alternative, surgery, thoracic outlet syndrome, outcomes, treatment 

outcomes, return to play, athlete, Botox, competition and long term outcome. The search 

was limited to articles available in the English language and published between 2001 and 

2013 in peer-reviewed journals. All articles chosen involved neurogenic thoracic outlet 

syndrome (NTOS), though vascular and arterial thoracic outlet syndrome were allowed as 

well. In order to properly search for literature pertaining to the interventions for TOS, 

specific questions were formulated to guide the search. They are: 

1. What interventions are used for the treatment of TOS in athletes? 

2. Is there evidence that surgery is more effective than conservative treatment 

ofTOS? 

3. What is the return to play rate for athletes who undergo surgical intervention 

for TOS? 

What interventions are used for the treatment of TOS in athletes? 

There appears to be few alternative treatments for TOS. The search yielded 
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14,544 articles that referenced TOS. Of these articles, 1 ,261 discussed the use of surgery 

for the treatment of TOS, though most of this research is based on surgical techniques 

rather than outcomes and symptom abatement. Of these 1,261 articles, 130 involved 

NTOS and 42 ofthe original1,261 were specific to athletes. The studies concentrating 

on venous and arterial TOS with no neurogenic symptoms were eliminated because of the 

lack of involvement of therapy as a primary or secondary treatment. 

An example of the surgical treatment ofNTOS was found in a well-described 

large study of 189 patients ages 13 to 72 years old by Caputo, Wittenberg, Vemuri, 

Driskill, Earley, Rastogi, Emery & Thompson (2013). The study describes the traditional 

surgical approach of supraclavicular thoracic outlet decompression with anterior and 

middle scalene resection, resection of fibro muscular bands and neurolysis of all five 

branches of brachial plexus. The subjects received physical therapy beginning the day 

after surgery and lasting 12 weeks. Caputo et al. (2013), found adolescents had a more 

significant improvement in their symptoms following surgery than their adult 

counterparts, however, all subjects showed improvement. The study shows that surgery 

is used for treatment ofNTOS in the adolescent and adult population. 

In the last few years, researchers have been discussing the use of Botox for the 

treatment ofNTOS. While this has been described in other studies, it has been used as a 

diagnostic treatment by injecting Botox into the scalene muscles. For example, ifthe 

subject reported relief of symptoms, it would confirm NTOS likely in site one, which 

involves the scalene muscles. Only one quantitative study was found. This was a double 

blind randomized parallel group trial with a 1:1 allocation ratio of Botox to placebo 
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injection ofthe scalene muscles (Finlayson, O' Connor, Brasher & Travlos, 2011). The 

38 subjects were injected with either Botox or a placebo. The subjects matched for 

physical characteristics. The researcher and those administering the injection were 

blinded to group assignment. They found no statistical significance between groups with 

regard to the Disabilities of the Arm, Shoulder and Hand (DASH) or SF-36 scores. The 

DASH is a 30 item, self-report questionnaire that measures function and musculoskeletal 

symptoms of the upper extremity (Hudak, Amadio, Bombardier & Upper Extremity 

Collaborative Group, 1996). The SF-36 is a generic, multipurpose health survey 36 

questions in length (Ware & Sherbourne, 1992). Pain scores were better for the Botox 

group, but were not statistically significant either. There was no improvement in 

paresthesia or function among the Botox groups or the placebo group. Based on the 

outcome of this study, caution should be taken regarding the effectiveness of this 

intervention and obviously, more research needs to be conducted on this intervention. 

Conservative treatment for NTOS was extensively investigated through a review 

of the literature, which uncovered an interesting case study that highlights the use of a 

very different conservative approach. Because this approach has not been seen in other 

studies, it was chosen as an alternative treatment for NTOS. Robey & Boyle (2009) 

describe a case study of a 22-year-old male collegiate football tight end. The athlete 

sustained multiple brachial plexus injuries during play and was subsequently diagnosed 

with functional NTOS. Physical therapy (PT) was started and eventually grew to the 

involvement of three separate physical therapists. The second physical therapist treated 

the patient due to lack of progress requiring change in treatment focus of the initial 
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physical therapist. When the athlete was able to return to play he discovered that he 

could not maintain symptom abatement when undergoing contact. A third physical 

therapist began treating the patient to continue the athlete ' s progress by individualizing 

the exercises given by the previous physical therapist. The treatment consisted of 

instruction in exercises to correct respiratory patterns and reposition the body for 

appropriate posture. The authors describe exercises developed by the Postural 

Restoration Institute. They found Northwick Park Neck Pain Questionnaire (NPNPQ) 

scores after the first 4 weeks of treatment did not change. After treatment using the 

postural restoration techniques, the NPNPQ scores showed 100% improvement. 

Spirometer readings changed within one session upon initiation of the exercises in 

postural restoration. While this is still a conservative treatment, it is a treatment that is 

not widely used. In fact, this was the only study that used these specific exercises to 

target the overuse of the scalene muscles that are activated on inhalation to raise the rib 

cage allowing lung expansion. Results from using postural correction techriiques as an 

alternative treatment suggest that it may be effective for patients with altered breathing 

patterns that lead to hypertrophy of the scalene and pectoralis muscles. 

Is there evidence that surgery is more effective than conservative treatment of 

NTOS? 

This question comprised the bulk of the articles found in the search of the 

literature. Of the six articles that looked at the effectiveness of surgery, only one study 

actually compared it to conservative treatment. All attempts to find more than one study 

comparing the two treatments were futile. Bosma, Van Engeland, Leijdekkers, Vahl & 
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Wisselink (2010) conducted a cross-sectional, observational study comparing patients 

selected for surgery and those treated conservatively for NTOS. The study looked at 22 

non-operative and 24 operative patients with a matched group of 24 healthy individuals 

for control. The researchers assessed these patients using the EuroQol (EQ-5D) quality 

of life assessment, the QuickDASH functional use assessment and the Visual Analogue 

Scale (VAS) to assess pain. All patients, regardless of group assignment, had lower 

quality of life scores than the control group. No significant difference in QoL between 

conservative and surgical groups was found. Of the surgical patients, 18/24 responded to 

whether they would repeat surgery, with 15/18 reporting they would do it again if needed. 

Symptom relief and pain were not statistically significant between conservative and 

surgical groups; no significant difference was found in functional limitations between 

conservative and surgery groups. This study looks at quality of life, which is not 

addressed in the other studies found. The study did not find statistical significance 

between groups though the surgery group was exposed to the conservative treatment prior 

to surgery making it difficult to truly assess the effectiveness of one treatment over 

another. Based on the review of the literature, it appears that the use of conservative 

treatment is the first line of treatment, with surgery purposed only if conservative 

treatment fails. This outcome offers support to the use of an education/prevention 

program to avoid invasive treatment ofNTOS. 

Of the remaining five articles, all of them involved the use of conservative 

treatment at some point in the study, whether as an indicator of the need for surgery due 

to failed conservative treatment or as part ofthe pre-and post-operative protocol. Teddy, 
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Johnson, Cai & Wallace (2012) was the only study conducted strictly using pediatric 

subjects. They conducted a retrospective observational analysis of a series of pediatric 

NTOS cases where the participants were less than 18 years old and were operatively 

managed. All were patients of a single surgeon in Melbourne, Australia. All patients 

were involved in at least one sport requiring overhead upper extremity use. The study 

was comprised of 13 patients in total (10 female and 3 male). The purpose of the study 

was to examine the efficacy of surgery for NTOS in the pediatric population. Variable 

pain relief was found. Statistically significant sensory changes were found with 79% free 

of numbness, 78% free of paresthesia and 53% returning to full strength. Patient reports 

of satisfaction from surgery were statistically significant. This study represents the 

benefits of surgery for pediatric patients, with all subjects showing improvement and 

satisfaction from surgery. However, one could argue that any improvement in pain and 

paresthesia would .represent improvement for suffering individuals. 

Ambrad-Chalela, Thomas & Johansen (2004), studied 17 patients with recurrent 

symptoms ofNTOS following an initial decompression surgery in a retrospective review 

of database information about patients treated at one center in Washington. The protocol 

for the study included eight weeks of PT for scalene stretching, shoulder and neck 

mobilization, ultrasound and massage. If PT was not successful or the treatment was 

unavailable, surgery was proposed. Surgical intervention for pectoralis release, lysis of 

adhesions, excision of incompletely resected 1 st rib and brachial plexus neurolysis was 

then completed. All 1 7 patients reported "excellent" or "good" relief of symptoms 

following second surgery averaging 25 months out. All 17 patients returned to activities 
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of daily living (ADLs) and instrumental activities of daily living (IADLs) including 

driving; six patients returned to their previous job and two were involved in vocational 

rehabilitation program. Again this study used therapy with surgical intervention making 

it difficult to accurately say whether surgery alone is effective. The researchers offered 

surgery to the patients who "failed PT" prior to enrollment in the study, but they did not 

indicate what interventions were provided in that round of therapy, only what the study 

PT protocol entailed. 

Vogelin, Haldemann, Constantinescu, Gerber & Buchler (20 1 0), conducted a 

retrospective outcome analysis comparison ofNTOS and disputed TOS patients after 

surgical intervention of patients aged 16 to 62 years. They defined disputed TOS as those 

whose symptoms worsened over time. For these patients, conservative management was 

completed for minimum of 3 months. If this failed, surgery was conducted. In all other 

cases surgery was conducted due to specific trigger situation identified causing the 

symptoms and subsequently defined as NTOS. At long-term follow up, a median of 12.5 

years, they found statistically significant improvement in fatigue, pain (9 of 11 patients 

were completely pain free) , quality of life and precise grip. This study suggests the 

benefits of surgery for neurogenic symptomatology within the TOS diagnosis. The study 

did not discuss what treatment the disputed patients received as "conservative treatment" 

which they report failed leading them to surgery. The authors failure to report what is 

meant by conservative treatment is a limitation of this study because it is unknown if this 

treatment was TOS diagnosis specific. With the use of TOS specific conservative 

treatment, surgery may have been prevented. While the positive outcomes were 
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significant and appear to last, all patients received surgery so we do not know if one is 

better than the other. In addition, this study did not delineate the results based on age of 

the patient, therefore it is unknown whether the benefits to the pediatric population were 

statistically significant. 

Caputo et al. (2013), described in the previous section, also addressed the 

effectiveness of surgery. Results from the study suggest that the use of surgical 

intervention is effective for adolescents and adults; with adolescents benefitting more 

significantly. The study used surgery with pre- and post-operative PT, which was not 

described in detail. The lack of details limits the ability to say surgery is more effective 

than conservative treatment because the treatments were combined as in other studies. 

Balci, Balci, Cakur, Eren & Eren (2003), was the only study to use ulnar nerve 

conduction velocities (UNCV) as a surgical outcome measure. The researchers 

conducted a cross sectional, quasi experimental study of operative results in a group of 4 7 

patients ranging in age of 17 to 58 years, who underwent surgery in one center in Turkey. 

All patients had an improvement ofUNCV from pre- to post-operative points despite 

some patients continuing with symptoms. They also found that the more symptomatic 

the patient was pre-surgery, the less successful the surgery was. The study does indicate 

the severity ofthe symptoms pre-operatively may predict outcomes post-operatively. 

The study results also suggest that the benefits of surgery deteriorated over time. This 

may be due to the lack of follow up with a therapist for remediation of positioning 

attributed to increased symptoms ofNTOS. 

AI-Hashel, El Shorbgy, Ahmed & Elshereef (20 13 ), conducted a study to 
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investigate the outcomes of 15 patients who were taken to surgery within three months 

versus 20 patients undergoing surgery six months after diagnosis. The patients were age 

20-52 years and were composed of 25 women and 10 men. Each group received PT prior 

to surgery. Therapy consisted of modalities to reduce pain, strengthening of the muscles 

they describe as between the shoulder blades, teaching good posture and neck exercises 

(chin tucks, flexion, rotation, lateral bending and circumduction). The amount of therapy 

received was dependent on the three-month or six-month group assignment. The authors 

did not identify how they decided which group participants were assigned. All 

participants underwent provocative testing (elevated arm stress test, Adson, Wright and 

costoclavicular testing), x-rays, electro diagnostic studies, and completed the DASH 

questionnaire preoperatively. Postoperative assessment at six months consisted of the 

same testing and questionnaire procedure. Surgery included an anterior and middle 

scalenectomy, cervical rib removal if needed and first rib resection if needed based on 

visible compression of vascular structures in the thoracic outlet. The three-month 

surgical group demonstrated statistically significant better outcomes with regard to 

parasthesias, pain, DASH score, muscle wasting and denervation on electromyography 

suggesting the earlier the surgical intervention the better the outcomes. However, after 

reporting the results in this study, the authors indicated that the three-month surgical 

group did not have any intrinsic hand muscle wasting or denervation ofthe .hand as 

evidenced by electromyography. Since this was part of the preoperative testing and there 

is no report of random assignment, it appears the authors placed these subjects all in the 

same group, which is equivalent to stacking the deck. Based on this information, it is 
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inappropriate for the authors to report statistical significance in these two areas, as they 

were never present in the first place. 

What is the return to play rate for athletes who undergo surgical intervention for 

NTOS? 

Six articles were found to that addressed this question for the NTOS population. 

Of the six articles, three used return to play or work as their primary outcome measure. 

Twaij, Rolls, Sinii & Weiler (2013); Ligh, & Schulman (2009); Duwayri, Emery, 

Driskill, Earley, Wright, Paletta & Thompson (20 11 ), all addressed return to play in their 

studies. The first two studies were case studies and Duwayri et al. (20 11 ), was a 

retrospective study of nine athletes. None of these studies involved pediatric subjects. 

All ofthe studies reported the athletes were able to return to play within a six-month 

period. All three studies reported the athlete underwent some form of rehabilitation post 

operatively, which may improve the likelihood of returning to play. Ligh & Schulman, 

(2009), conducted their case study on a NCAA Division I baseball pitcher who initially 

presented with posterior shoulder pain. He was subsequently found to have a multitude 

of injuries. It is unclear if all of these injuries existed prior to the start of treatment or 

were a result of consecutive treatments and improper therapy for the presenting 

symptoms. It is interesting that once the treatment focus switched to scapular 

stabilization and stretching exercises, as proposed in this doctoral project, the patient was 

able to complete the therapy and ultimately return to play. This reinforces the use of 

these techniques as a potential preventative measure. 

Chandra, Olcott & Lee (2011), completed a comparative study of93 patients 
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treated between 2000 and 2009 for NTOS all of whom were adults. They looked at the 

patients divided into two groups, one group from 2000 to 2006 who were treated 

surgically and another group from 2007 to 2009 who were given a mini Quick DASH 

assessment and TOS specific PT for a minimum of two months 3x/week. At the three 

month follow up the DASH was readministered. Surgery was offered to patients with 

good commitment to PT combined with improved DASH score with subjective symptom 

improvement. A follow-up post-operative DASH was given at two months, six months 

and one year. The patients with poor commitment to PT and no improvement in DASH or 

worsening DASH scores were not offered surgical intervention. The authors reported 

that the subjects in time period one sustained improvement post-operatively at the one­

year mark in 56% of the participants. For period two, no difference in pre-operative 

DASH, average post PT DASH or the number of months ofPT was found between the 

surgery and no surgery groups. Within period two, 90% of the surgical group returned to 

baseline or a higher sport activity level. There was a statistically significant improvement 

through all follow-up assessments. A significant difference between groups for the 

disability portion of DASH post PT was seen from surgical to non-surgical group in 

period two. This study shows with tight guidelines for surgical selection, outcomes are 

very good for return to play. However, the study does not describe why the non-surgical 

group was not "committed" to PT. Was this due to economic factors given the cost of 

copays, transportation, work or school schedule? Also, the PT regime outlined in the 

minimum standard in period two is unrealistic given insurance coverage for patients. 

Very little insurance allow more than 20 visits in a calendar year. With a minimum of2 
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months ofPT (some patients went as long as 4 months) at 3x/week that is roughly 24 

visits. If you are looking at co pay amounts with very modest $20 copay (co pays are 

variable based on insurance) that is $480. This cost can be unattractive to patients on a 

tight budget. If these athletes were offered the opportunity to complete conservative 

treatment through a guided program in the athletic department at school, they may be 

more likely to "commit" to therapy. 

Maru, Dosluoglu, Dryjski, Cherr, Curl & Harris (2009), conducted a retrospective 

study of 12 patients with early-onset TOS including venous (24%), neurogenic (38%) and 

arterial (38%) with a mean age 16.8 years. The objective was to review results of young 

patients with TOS symptoms and their outcomes from surgery. All patients received 

outpatient therapy post-operatively for a mean of 5.3 weeks. No difference for 

rehabilitation time for vascular versus NTOS patients was seen. All NTOS patients had 

limitations in activity pre-operatively. At the follow-up, all reported they had jobs and 

were functioning at a higher level in athletics than they were pre operatively. Of 

respondents, 100% improved or had resolved symptoms, 33.3% reported an increase 

ability to work and 25% reported they were able to increase their participation in 

athletics. Again this is a study that mixes surgery with post-op therapy. All the 

respondents showed improvement, but they did not identify which of these underwent 

therapy prior to surgery. This lack of information may have increased their chances of 

positive outcomes. The study did not report how long after surgery the follow up 

questionnaire was given. The study does show athletes with NTOS can successfully 

return to play after surgery. 








































































































































































