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Abstract 
  
 The goal of this thesis was to examine a correlation between musculoskeletal injuries in 

the upper extremity and frequent sign language usage through the exploration of the 

pathophysiology associated with such injuries and the anatomy of the affected structures.  Due to 

the nature of handshapes and movement of arms employed by American Sign Language (ASL) 

users, this population is prone to a greater prevalence of musculoskeletal injuries involving the 

soft tissue of the upper extremity.  The majority of the literature available today surrounding this 

issue exclusively examines sign language interpreters. However, the widespread use of ASL by 

millions of deaf and hard of hearing individuals as a primary means of communication heightens 

the need for additional investigations concerning these individuals.  

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Introduction 
 

The main goal of this thesis is to examine a correlation between musculoskeletal injuries 

and frequent sign language use, to understand the pathophysiological nature of such injuries, and 

to devise a hypothetical course of action to help prevent such injuries.  I initially thought of this 

topic when I came across a study conducted by Stedt in 1992 at Gallaudet University—the first 

university established for the advanced education of deaf and hard of hearing adults—that 

specifically examined the prevalence of carpal tunnel syndrome (CTS) in sign language 

interpreters.  The study found that sign language interpreters were at a greater risk of developing 

CTS at an earlier age than most due to the repetitive and strenuous nature of their work.  This 

study led me to begin thinking about other musculoskeletal injuries that may arise from the 

frequent and prolonged use of sign language.  In addition to CTS, sign language use has been 

linked to the exacerbation of tendonitis in the wrist and epicondylitis in the elbow.  This topic in 

particular is interesting to me because I am very intrigued both by the Deaf community and by 

the musculoskeletal system and its related injuries and disorders.  Similarly, musculoskeletal 

injuries, namely cumulative trauma disorders (CTDs), are those that are potentially detrimental 

to an individual’s quality of life.  As an advocate for the Deaf community and a student of sign 

language myself, I felt it important to investigate an issue that potentially affects all sign 

language users.  

 
Anatomy of the Upper Extremity 

 
 The human hand is capable of producing a seemingly infinite number of different 

movements.  Though these movements seem straightforward, even the simplest flexion or 

extension of a single finger requires immense coordination and integration of the action of 



several different muscles (Fuglevand 2011).  In order to minimize the size of the hand, extrinsic 

muscles originating in the forearm produce much of its movement. Thus, it is vital to have a 

working knowledge of the basic anatomy of the musculature of the upper extremity, namely the 

forearm, wrist, and hand.  The hand is controlled by 21 different muscles in addition to the 19 

comparably smaller intrinsic muscles that originate within the hand itself (Grad 1998).   

The forearm is divided by the frontal plane into two compartments: the anterior and the 

posterior portions containing the flexors and extensors, respectively (see Figure 1a & 1b).  The 

extensors, each innervated by the radial nerve, originate laterally in the proximal forearm at the 

lateral epicondyle of the humerus, and narrow into tendons at the distal forearm that insert at the 

metacarpals.  At the wrist, these tendons run beneath a structure called the extensor retinaculum, 

which serves to hold the tendons in place to prevent tendon prolapse.  Flexor muscles, residing in 

the anterior portion of the forearm, originate from the medial epicondyle and proximal ulna.  The 

median nerve innervates all but two of the flexor muscles with the exceptions being the flexor 

carpi ulnaris and the flexor digitorum profundi, which are innervated by the ulnar nerve.  Along 

with the median nerve, there are nine tendons from the digital flexor muscles that run through the 

carpal tunnel.  The carpal tunnel is a frequent site of injury due to the position of the median 

nerve in relation to the nine-flexor tendons; its position leaves it susceptible to compression from 

inflammation of the surrounding musculotendinous structures.  Once passing through the wrist, 

each of the flexor and extensor tendons insert on the metacarpals and/or the phalanges (Grad 

1998; Tortora and Derrickson 2011).  

 

 

 



 
Figure 1a: Muscles of the forearm that move the wrist, hand, thumb, and digits (Tortora and 

Dickerson 2011, p. 412) 

 
Figure 1b: Muscles of the forearm that move the wrist, hand, thumb, and digits (Tortora and 

Dickerson 2011, p. 413) 
 



Movement Produced by Sign Language 

 American Sign Language (ASL) originated at the beginning of the 19th century, and has 

since become the primary means of communication for deaf and hard of hearing individuals in 

the United States and English-speaking parts of Canada.  ASL involves communication via 

universal signs with specific meanings, as wells as fingerspelling—the practice of spelling words 

without designated signs.  The handshapes required of ASL users often cause signers to contort 

their hands and wrists in awkward and strenuous positions.  The ASL alphabet in particular 

requires the wrist extension for nearly all letters.  Consequently, when fingerspelling, the wrist is 

held in an extended position as the signer rapidly produces each letter of the word.  Generally, 

the pace of communication among fluent ASL users is fairly quick; however, sign language 

interpreters, in particular, are often subjected to an accelerated pace in their ASL use based on 

the speed of the voiced communication that they are interpreting (Delisle et al. 2005).  Feuerstein 

and Fitzgerald (1992) examined the biomechanical factors associated with sign language 

interpreting that increase the risk of developing CTDs.  They performed a study comparing 

interpreters with pain related to their work and interpreters without pain; the results suggest that 

the combination of the velocity, repetitive and continuous motion, and awkward and forceful 

hand deviations from the neutral position contribute to the development of such disorders.  This 

also suggests that the signing styles (i.e. velocity, repetition, fluidity of signs, rest breaks) of the 

individual interpreters play a large role in the development of CTDs.  Therefore, it can 

reasonably be postulated that the signing style of ASL users across the board may contribute to 

their risk of developing such CTDs.  

 
 

 



Carpal Tunnel Syndrome 

 Carpal Tunnel Syndrome (CTS) is the most commonly recognized of the CTDs 

associated with sign language use, and it has been documented frequently among sign language 

interpreters (Stedt 1992; Feuerstein et al. 1997; Smith et al. 2000).  The carpal tunnel is a narrow 

passageway through the wrist located distal to the crease of the wrist, and “is bounded on three 

sides by the carpal bones, which create an arch, and on the palmar side by the fibrous flexor 

retinaculum,” (Katz and Simmons 2002, p. 1807).  As previously mentioned, nine digital flexor 

tendons run through the carpal tunnel along with the median nerve.  CTS is typically 

characterized by pain, weakness, and/or sensory loss in the regions of median nerve innervation: 

the first, second, third, and lateral edge of the fourth digits as well as the lateral portion of the 

palm (Tortora and Derrickson 2011).  

The symptoms associated with CTS are a result of changes in the median nerve 

secondary to compression of the nerve at the wrist and local ischemia of the median nerve 

following the compression (Werner and Andary 2002; Katz and Simmons 2002).  The precise 

pathophysiology of CTS remains unclear, but it has been suggested that this compression within 

the carpal tunnel results from a thickening of the synovial membranes of the digital flexor 

tendons; this thickening is caused by repetitive displacement of the tendons within the carpal 

tunnel to produce movement of the hand and wrist (Armstrong et al. 1984).  The thickening of 

the synovial membrane thus leads to an increase in volume of tissues within the carpal tunnel via 

fibrosis and edema and subsequently results in an increase in pressure (Werner and Andary 

2002).  Werner and Andary (2002) suggested that there are two types of pressure that are exerted 

within the carpal tunnel: interstitial fluid pressure and physical contact pressure on the median 

nerve.  Wrist extension results in a 10-fold increase in pressure, and flexion results in a 8-fold 



increase.  Thus, this pressure increase facilitates the entrapment of the median nerve within the 

carpal tunnel.  

Diagnosis of CTS is helpful in the understanding of the pathophysiology of the condition 

and its associated symptoms.  A nerve conduction study is commonly used to diagnose CTS, and 

it allows for the observation of the conduction of electrical impulses along the median 

nerve.  One can then determine if the impulse slows when passing through the median 

nerve.  Slowed impulses through the median nerve indicate damage and/or injury to the myelin 

sheath surrounding the nerve fiber, as it is the myelin sheath that contributes to the rapid 

propagation of electrical impulses along the axon (Tortora and Derrickson 

2011).  “Observations... indicate thinned nerve in the zone of entrapment with a swelling of the 

nerve at the proximal edge of the zone of entrapment,” (Werner and Andary 2002, p. 1374).  A 

study conducted by Dahlin et al. (1989) demonstrated, in an animal model, that deterioration of 

the nerve and nerve function are a result of mechanical deformation of the nerve fiber rather than 

ischemia at the zone of entrapment.  The study demonstrated that high pressures of 

approximately 200-600 mmHg were needed in order to cause demyelination of the nerve fiber, 

and that the addition of vascular occlusion had no worsening effect on demyelination (Dahlin et 

al. 1989).  

 
 

Tendonitis 

 The primary role of skeletal muscle within the body is to produce movement via the 

exertion of force on tendons that attach the muscle to bone (Tortora and Derrickson 

2011).  Because tendons play such a large role in the generation of tension, they are a frequent 

site of irritation and inflammation (Daenen et al. 2004; Fischer and Woodcock 



2012).  Consequently, frequent and rapid movements of the hands and wrists associated sign 

language allow for the irritation of the many tendons of the upper extremity, namely the wrist 

and elbow (Fischer and Woodcock 2012; Delisle et al. 2005).  The tendons affected in the wrist 

include those previously mentioned in the discussion of CTS as well as the distal wrist extensor 

tendons (Daenen et al. 2004).  Similarly, the elbow is a frequent site of irritation among sign 

language interpreters, as it serves as the origin for the wrist extensors.  The main site of irritation 

is the lateral epicondyle of the humerus—the site of attachment for the extensor carpi radialis 

brevis (ECRB), extensor digitorum, extensor digiti minimi, and extensor carpi ulnaris—

ultimately leading to the development of lateral epicondylitis, commonly known as ‘tennis 

elbow’ (Ljung et al. 1998).   

 

Tendonitis in the Wrist 

 As with CTS, tendons running through the wrist are subjected to frictional forces 

resulting from repetitive movement within the wrist itself (Maganaris et al. 2004).  Tendons in 

areas of high friction or mechanical stress are covered by a 2-layered synovial sheath for added 

protection; repetitive and excessive mechanical stress placed upon the tendons ultimately leads to 

irritation and inflammation of the synovial sheath surrounding the tendon (Kahn et al. 1999).   

 

Lateral Epicondylitis/Epicondylosis 

 The classical interpretation of lateral epicondylitis has been that chronic overuse of the 

elbow joint causes microtears in the common extensor tendon that continually heal and pull apart 

causing chronic inflammation (Hayter and Adler 2012; Waugh 2005).  However, Nirschl and 

Pettrone (1979) observed an amplified density of fibroblasts and immature and disorganized 



collagen in the ECRB tendon as well as a lack of inflammatory cells.  These findings refute the 

traditional view of lateral epicondylitis as an inflammatory response to overuse.  Similarly, 

several other studies have since suggested that the source of injury is a degenerative, 

noninflammatory mechanism resulting from overuse of the tendon (Waseem et al. 2012; Waugh 

2005).  Critics of this theory insist that an inflammatory response must be present to explain the 

pain associated with the injury; this inspired studies that have found sensory fibers containing 

neuropeptides—substance-P and Calcitonin gene-related peptide (CGRP)—in the origin of the 

ECRB, and the “presence of these neuropeptides… implies the possibility of a neurogenic 

inflammation as a cause of perceived pain” (Waseem et al. 2012, p. 133).  Because of the 

mounting evidence against the classical classification of the injury, there is a push to instead call 

the injury ‘lateral epicondylosis’ (Waugh 2005).   

 The classical presentation lateral epicondylosis is pain in the affected elbow that is 

exacerbated with wrist extension, and at rest, the pain subsides.  As discussed previously, ASL 

signs often require the wrist to be extended while contorting the fingers into awkward positions.   

 

Prevention 

 The study conducted by Feuerstein and Fitzgerald (1992) found that educational sign 

language interpreters, those that interpret for educational lectures and seminars, that work 

without pain took more breaks, or pauses, during a 50 minute interpreting session when 

compared to those interpreting with pain.  From this, it was deduced that taking more breaks 

during a given session could help to alleviate and/or prevent the symptoms of CTDs.   

 

 



Discussion 

 Since the early 1990s, numerous studies have demonstrated the prevalence of carpal 

tunnel syndrome and tendinitis among sign language interpreters (Stedt 1992; Feuerstein et al. 

1997; Smith et al. 2000).  The mechanical stress and repetitive nature of ASL in coordination 

with the accelerated pace of signing to which interpreters are exposed put them at a greater risk 

for developing cumulative trauma disorders involving the soft tissues of the upper extremity.  

However, there is a severe deficient in studies examining the general ASL population in 

comparison to studies focusing only on ASL interpreters.  Despite the lack of literature 

specifically examining this population, it is reasonable to assume that everyday ASL users are at 

a similar risk as interpreters due to the frequency of their usage.   

American Sign Language is the fourth most common language in the United States, and 

millions of deaf and hard of hearing people rely on it as their primary means of communication 

every day (Smith et al. 2000).  For an individual that relies on ASL, the development of carpal 

tunnel syndrome or tendonitis could be very detrimental to their lifestyle.  Therefore, a need 

exists for further research into additional preventions, aside from rest, that may help to protect 

users from these health and life altering injuries.  
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