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OVERUSE INJURIES OF
THE UPPER EXTREMITY
IN TENNIS PLAYERS

Robert G. Marx, MD, MSc, John W. Sperling, MD, MS,
and Frank A. Cordasco, MD, MS

It has been estimated that tens of millions of individuals play
tennis in the United States.* 5 Of these, more than a half million are
adolescents.” Also, a growing number of seniors continue to play ten-
nis.* Overuse injuries of the upper limb resulting from repetitive serving
and hitting are common in this sport.* A review of anatomic considera.
tions and bjomechanics unique to tennis players is presented, followed
by a description of common injuries and conditions.

BIOMECHANICS AND MUSCLE ACTIVITY IN TENNIS

Tennis has three basic strokes: the overhead or serve, the forehand,
and the backhand.” In world-class tennis players, rotational velocities
of 1500, 387, and 895 degrees per second, respectively, are achieved in
each of these motions.®® Hand speeds at ball impact in these individuals
are 47, 37, and 33 miles per hour, respectively.® These values are likely
much’lower in less-skilled individuals, but significant forces are applied
to the upper limb while playing this sport. Many factors influence the
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forces generated in the upper limb, including strength, range of motion,
and level of skill.

One study in 203 elite junior tennis players (age range, 11 to 17
years) demonstrated similar external rotation in both shoulders, but less
internal rotation in the dominant arm (mean, 8% P = 0.001).2 This
finding was ascribed to posterior capsule or cuff tightness. Kibler et al
reported similar findings in 39 members of the US Tennis Association,*
along with an increase in external rotation in the dominant arm. Loss of
dominant shoulder internal rotation was associated with both age and
years of play.* The authors concluded that early correction of this
adaptation should be considered to avoid deleterious biomechanics and
potential injury. All subjects in this study were asymptomatic, however,
and similar findings have been reported in asymptomatic professional
baseball players.® The cause and significance of this alteration of motion
In the dominant shoulders of these individuals remains unknown.

The tennis serve is composed of four stages: wind-up, cocking,
acceleration, and deceleration and follow-through® (Fig. 1). Forehand
and backhand groundstrokes are characterized by three stages: racquet
preparation, acceleration, and follow-through.? Several studies using
electromyographic analysis have defined muscle activity relating to these
stages. Muscle activation in the serve and forehand is greatest for the
subscapularis, the pectoralis major, and the serratus anterior.” The back-
hand involves largely the middle deltoid, supraspinatus, and infraspi-
natus.” Wrist extensor activity is predominant in all strokes, which could
help explain this joint’s predisposition to injury.* & Racket grip size,
which is an important variable, had a minimal effect on electromyo-
graphic activity of these muscles." None of the wrist extensors showed
increased activity in the single-handed backhand compared with the
double-handed backhand.® Therefore, injury to the extensor origin is
more likely related to flawed stroke mechanics than to the use of the
single-handed baclhand stroke.?

Cohen et al found a correlation between both strength and flexibility
and serve velocity.”® Although technique obviously is important, strength
is important for performance. Ellenbecker and Roetert noted that the
external rotators of elite junior tennis players tend to tire faster than the
internal rotators during isokinetic testing at 90° of abduction.?® In another
study, college tennis players had significant increases in strength in
internal rotation at 90° of abduction in their dominant shoulders, with
no difference in external rotation power.

Upper limb flexibility and muscle strength are critical elements for
tennis players. Sound stretching programs and the appropriate use of
weight training and isokinetic training can reduce the risk of overuse
injury and potentially improve performance.’ 2.

SHOULDER INJURIES

The tennis player is predisposed to overuse injuries of the shoulder
because of the repetitive nature of the game. Biomechanical comparisons
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Figure 1. Sequence of the tennis serve. A, Windup; B, Cocking; C, Acceleration; D,
Deceleration and follow-through. {From Field LD, Altchek DW. Tennis Injuries. in Hawkins
RJ, Misamore GW, with permission [eds]: Shoulder Injuries in the Athlete. New York:
Churchill Livingstone, 1996:403—416.)
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between the overhead thrower and tennis player provide insight into
possible mechanisms of injury.”” Tennis differs from other sports,
however, owing to the use of a racquet. The lever arm and weight of
the racquet, which add significant power to the tennis stroke, also
markedly increase stress on the shoulder and the potential for injury.”
The tennis player must balance maximal force output with maintenance
of shoulder stability.

Overuse and muscular fatigue in the tennis player can decrease
efficiency of the dynamic shoulder stabilizers and cause secondary injury
to the static shoulder stabilizers. Subsequent plastic deformation of the
static stabilizers then can result in increased instability. Altered shoulder
mechanics can lead to secondary impingement and the potential for the
development of rotator cuff tears.® Therefore, early recognition of shoul-
der overuse injuries is essential for the effective treatment of the tennis
player.

Evaluation of shoulder pain in the tennis player begins with an
accurate history. Understanding the chronology of symptoms, prior
treatment, and training schedule is essential. The relative time practicing
different strokes should be elicited,” especially the specific amount of
time engaged in overhead strokes such as the serve, volley, and overhead
smash. Priest noted that competitive tennis players most commonly
cited the service and the overhead smash as the strokes that were
responsible for the onset of pain.®® Inquire about neurosensory changes
(such as radiating numbness) and mechanical complaints such as catch-
ing and clicking. A “dead arm” sensation can be associated with instabil-
ity.” Referred pain from spine pathology always should be considered.
Additionally, a thorough history of previous shoulder instability should
be obtained. '

The physical examination begins with inspection of the standing
patient to evaluate for asymmetry and atrophy. It is essential to examine
and compare both shoulders. One may observe the postural change
frequently seen in tennis players, termed tennis shoulder, depression of
the dominant shoulder with the appearance of scoliosis,*® 5 first de-
scribed by Priest and Nagel® Tennis players also can present with
atrophy of the biceps and triceps muscles and hypertrophied forearm
muscles.’* Observe the posterior aspect of the shoulder to evaluate the
scapular stabilizers, check for asymmetry, and assess scapular protrac-
tion. Systematic palpation of the shoulder and upper extremity should
include the sternoclavicular and acromioclavicular joints, clavicle, long
head biceps tendon, deltoid insertion, and greater tuberosity. Addition-
ally, the scapula and acromion should be palpated. Medial scapular
bursitis has been described as a potential cause of posterior pain.®

Range of motion of both shoulders should be recorded and the
relative contributions of scapular and glenohumeral motion assessed.
Typically, shoulder internal rotation is lost and external rotation is in-
creased. The underlying cause of restricted internal rotation is usually
posterior capsular tightness. These findings also are seen typically in
throwers.® Harryman et al demonstrated in a cadaveric model that
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posterior capsule tightness could result in increased anterior transla-
tion.** Elevation, extension, external rotation, internal rotation, and ab-
duction strength are tested. Strength testing should be performed for
side-to-side comparison. The supraspinatus is tested with the arm ele-
vated to 90° in the scapular plane with internal rotation of the humerus.
The lift-off test checks the integrity of the subscapularis.®

Glenohumeral instability testing begins with the patient seated. The
sulcus sign determines the degree of inferior translation. With the patient
supine, anterior apprehension testing is performed with the shoulder in
abduction and external rotation. A posteriorly directed pressure then
is applied with the relocation test to assess whether this improves
apprehension symptoms and pain. Posterior apprehension is tested in
flexdon and internal rotation. The load-and-shift test is performed in the
supine position with attention directed toward the amount of motion
present, the firmness of the endpoint, and the elicitation of pain or
instability. Additionally, when examining for internal impingerment of
the posterior rotator cuff against the posterior-superior glenoid rim, the
shoulder is externally rotated and abducted more than 90°.% %

Subacromial impingement is assessed while the patient is seated.
First, the shoulder is elevated in the plane of the scapula while the
scapula is stabilized. Pain constitutes a positive impingement sign, as
described by Neer.®* Hawkins described an impingement sign in which
the humerus is placed in 90° of flexion, the elbow is flexed to 90°, and
then the humerus is internally rotated.* The crossed-arm adduction
test is performed to elicit pain associated with acromioclavicular joint
pathology.

Speed’s test and Yergason’s test are useful to isolate the biceps as a
cause of pain. Speed’s test is performed by having the patient attempt
flexion of the arm with the elbow in 30° of flexion and the forearm
supinated. The test is considered positive if pain is elicited in the bicipital
groove.* Yergason's test is resisted supination of the forearm with the
elbow flexed.!™ O'Brien’s test is effective in assessing pathology originat-
ing in the superior labral or long head of the biceps tendon.®

_A complete neurovascular examination should begin with assess-
ment of the cervical spine. Restricted motion and pain can indicate
arthritis or cervical disk disease.”® In addition to determining the range
of motion, provocative maneuvers should be performed to see if they
reproduce symptoms. Thoracic outlet syndrome also can cause pain and
neurologic changes. :

Radiographic evaluation should include axillary and anteroposterior
and lateral views of the scapula. Do not overlaok the possible presence
of an os acromiale as a cause of pain in tennis players.® In addition to
these standard radiographs, magnetic resonance (MR) imaging has
proved to be a powerful adjunct in the diagnosis of shoulder disorders
in athletes. Improved techniques allow better visualization of labral,
chondral, and rotator cuff pathology.

The differential diagnosis most commonly includes subacromial
impingement, glenohumeral instability, internal impingement, and rota-



444 MARX et al

tor cuff tendinosis or tear. In addition, other common causes of shoulder
pain worth consideration include acromioclavicular arthritis, labral pa-
thology, biceps pathology, and chondral injury. Lastly, consider those
disease processes that can refer pain to the shoulder, including cervical
spine disease and thoracic outlet syndrome.

The treatment of overuse injuries in tennis players relies primarily
on proper rehabilitation. An important aspect is educating the patient
with regard to altered shoulder mechanics and discussing how a thor-
ough rehabilitation program can-be effective.’¥ The goal of treatment is
to restore normal shoulder mechanics and return the player to pain-free
function.

Asynchronous muscle firing also can result in scapular dysfunction,
including winging, decreased protraction, or retraction.” Impaired scap-
ular protraction has been cited as a potential contributing factor to
subacromial impingement. Therefore, the scapula and scapular-stabiliz-
ing muscles, including the rhomboids, serratus anterior, trapezius, and
levator scapulae, must be addressed in a rehabilitation protocol.”™ Addi-
tionally, rehabilitation of the larger back muscles, such as the latissimus
dorsi, should be incorporated into a rehabilitation protocol because they
decrease supraspinatus tendon overload during the deceleration phase
of the serve. ‘

Failure of a properly supervised rehabilitation program in conjunc-
tion with well-defined pathology is a potential indication for surgical
intervention. McCann and Bigliani reported that the two most common
causes of shoulder pain in the tennis player are impingement syndrome
and glenohumeral instability.s They noted that patients with the diagno-
sis of subacromial impingement who do not respond to motion and
strength restoration are candidates for anterior acromioplasty and appro-
priate treatment of the associated rotator cuff pathology. With respect to
glenchumeral instability, the authors suggested that patients who fail
to improve with rotator cuff and scapular-muscle strengthening are
candidates for repair of the capsulolabral complex.

Rotator cuff tears in tennis players can be repaired successfully, and
the athlete has a good chance of returning to previous level of play.
Bigliani et al reported on the results of rotator cuff repair and acromio-
plasty in 23 tennis players.* There were eight small tears (<1 cm), five
moderate tears (1 to 3 cm), two large tears (3 to 5 cm), and eight massive
tears (>5 cm). At a mean follow-up of 42 months, the authors reported
that 19 patients (83%) achieved a good to excellent result and were able
to return to their presymptomatic level of play without pain.

Internal impingement of the rotator cuff on the posterior-superior
labrum has become an increasingly recognized disorder in overhead
athletes. These patients typically do not have a frank history of shoulder
instability manifested by dislocation. Subtle shoulder instability can lead
to secondary impingement, however.1s. ©. 4,5, % The initial pain usually
is manifest during the late cocking and early acceleration phases of
throwing or serving. Rotator cuff tears usually are located on the articu-
lar surface of the posterior supraspinatus or the anterior infraspinatus, or
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both. Additionally, the posterosuperior glenoid labrum can demonstrate
pathologic changes associated with the internal impingement.% 3 4. %7
Treatment of internal impingement must address any glenohumeral
instability and typically begins with a rehabilitation program. Patients
who fail to improve with rehabilitation could be candidates for arthro-
scopic labral and rotator cuff debridement and, in certain cases, shoulder
stabilization.! 4> 7 Recently, there has been much discussion of treating
glenohumeral instability with thermal energy. Publications have sup-
ported the underlying basic science of thermal shrinkage 36 55 62 69, %8
Although radiofrequency or laser thermal energy may have a role in
the treatment of tennis athletes with shoulder instability or internal
impingement, few short-term clinical studies and no long-term outcomes
analyses are available yet to formulate clear indications for their use.

ELBOW INJURIES

Lateral epicondylitis is the most common cause of elbow symptoms
in tennis players,'* but other conditions of the elbow also are encoun-
tered. Lateral epicondylitis is reviewed, followed by an overview of
other disorders of the elbow seen in tennis players, including medial
epicondylitis and medial instability.

“Tennis elbow” is the colloquial term for lateral epicondylitis. De-
spite the name, the syndrome does not involve an acute inflammatory
lesion.* ¥ Sometime in their career, approximately half of individuals
who play tennis will suffer from tennis elbow.% Leading with the elbow
on the backhand side and failing to shift body weight and swing from
the shoulder are implicated as technique causes of lateral tennis elbow.%
Increased vibration loads in less skilled players likely plays a role, as
does racket weight. A large racket head and a higher resonance fre-
quency of the racket reduce arm vibration.?

The onset of pain in this condition is usually insidious, although
some patients have a history of a traumatic event. Physical findings in
tennis elbow include tenderness at the origin of the extensor carpi
radialis brevis and discomfort with passive volar flexion and resisted
wrist extension. Many patients also have pain with grasp. Radiographs
{(anteroposterior, lateral, and radiocapitellar views) are recommendeq to
rule out osseous pathology” MR imaging also can be used to confirm
this diagnosis.” _

Many treatments have been described for tennis elbow, although
little scientific evidence demonstrates that nonoperative modalities in-
fluence the long-term natural history of this disorder.” Acupuncture,®
extracorporeal shock wave therapy,® ultrasonography,® corticosteroid
injection,” bracing, exercise,”® stroke correction® and low-energy
laser®* all have been described for the treatment of lateral epicondylitis
with varying success rates. Boyer concluded that scientific data are
inadequate to support the use of one treatment over another. Several
surgical techniques have been devised to treat this condition.2 - 76 %
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The basic principle is to release the extensor carpi radialis brevis origin
from the lateral epicondyle, with or without excision of the pathologic
tissue.% ¢ Most authors report success rates for this procedure at 70%
to 80%. :

Medial epicondylitis also occurs in tennis players, although less
often than lateral epicondylitis.'* 2 Medial epicondylitis must be differ-
entiated from other causes of medial elbow pain in these athletes, such
as medial collateral ligament insufficiency and ulnar neuropathy. Medial
collateral ligament injury is far more common in baseball players; how-
ever, it also is seen in tennis players. 2 i

WRIST INJURIES

Overuse injuries of the wrist are common in tennis players,® likely
because of the amount of motion at this articulation that is involved in
the tennis stroke.* Although most wrist injuries are secondary to over-
use, direct trauma or an acute rotational episode can lead to wrist
pain in tennis players. Therefore, it is important to ascertain the exact
mechanism of injury, if appropriate, as well as how long the symptoms
have been present and whether they have progressed. This section
reviews the pertinent physical examination findings, and the clinical
conditions that are particularly relevant to these athletes.

Physical examination should include palpation of the entire carpus
and, more specifically, the scapholunate, triquetrolunate, and distal ra-
dioulnar and ulnocarpal joints. The hook of the hamate and the extensor
and flexor tendons should be palpated. DeQuervain’s tenosynovitis is
not uncomunon in tennis players, and the Finkelstein test to evaluate the
first dorsal extensor compartment is often helpful. In the setting of acute
trauma, the distal radius and the anatomic snuffbox should be examined
for a fracture of the radius or scaphoid, respectively. Plain radiographs
should be obtained routinely. Neutral rotation posteroanterior and lateral
and oblique views are recommended. MR imaging is useful to confirm
soft tissue injuries of the wrist, such as tears of the scapholunate ligament
and the triangular fibrocartilage complex.”

The most common tendinitis in racquet sports is DeQuervain’s
tenosynovitis.” This involves inflammation of the tendons of the abduc-
tor pollicis longus and extensor pollicis brevis as they pass through a
fibro-osseous tunnel at the level of the radial styloid. Ulnar deviation,
particularly with grasp, can lead to inflammation and pain in this area.
Finkelstein’s test is positive if ulnar deviation of the wrist with the
patient’s thumb tucked into the first reproduces the pain. Splinting
and nonsteroidal anti-inflammatory medication are usually successful in
relieving symptoms. Should these fail, corticosteroid injection can be
used; in rare cases, surgical release is required.” Tendinitis of the exten-
sor carpi ulnaris tendon is also fairly common, and recurrent dislocation
of this tendon has been reported in tennis players.® Surgical reconstruc-
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tion of the sixth extensor compartment fibro-osseous tunnel is recom-
mended for the latter condition.” % ‘

Ulnar-sided wrist pain is a common complaint in tennis players. As
discussed, this is frequently due to inflammation of the extensor carpi
ulnaris tendon, although it also can be related to flexor carpi ulnaris
tendonitis. The combination of impaction and rotation that occur in the
tennis stroke can lead to triangular fibrocartilage complex injury. Clini-
cally, the patient has pain in the area of the ulnar styloid that worsens
with loading of the ulnocarpal joint. Radiographs are negative, although
the condition is associated with positive ulnar variance. MR imaging is
useful to confirm the diagnosis. If nonoperative management with splint-
ing, rest, and nonsteroidal anti-inflammatory medication is not success-
ful, arthroscopic debridement or repair is indicated.”~ 7

Fracture of the hook of the hamate is an injury seen less commonly
in tennis players.* When the grasp is relaxed or the centrifugal force of
swinging the racket overcomes the grasping power, the butt end of the
handle can strike and fracture the hook. The history is useful to deter-
mine whether the pain was first experienced while swinging the racket.
The patient may be able to grip the racket, but has difficulty swinging
it. A carpal tunnel view radiograph is best to diagnose this injury.
Computed tomography is used to confirm the fracture. The fracture can
be treated with plaster immobilization if diagnosis has not been delayed.
Many authors recommend early excision of this fragment, however, as it
will often go on to nonunion despite proper immobilization.* Displaced
fractures are best treated with excision to avoid this complication If
unrecognized, this injury can progress to a painful nonunion, which also
can be successfully treated with excision.” Avascular necrosis has been
reported after this injury.2

OTHER INJURIES

The repetitive loading of the upper exiremity affects the bones of
the upper limb as well as the soft tissues. The bone mineral density of
the dominant upper limb is significantly higher than the nondominant
arm of tennis players® # Despite this favorable effect of repetitive
loading from tennis on the skeleton, stress fractures have been reported
at the ulna, & 8 1 huymerus,® index metacarpal,®- % distal radius,* and
acromion.” Most of the reported cases of ulnar stress fractures were in
the nondominant arm of patients who employed a two-handed back-
hand.* 6819 [t is important to bear this diagnosis in mind when evaluat-
ing these athletes, particularly females who fit the female athlete triad
of eating disorder, amenorrhea, and osteoporosis.’6-18

Tennis players can develop symptomatic entrapment of the ulnar,
radial, posterior interosseous, or median nerves about the elbow. Nerve
palsies involving the proximal radial nerve (high radial nerve palsy) and
the long thoracic nerve also have been reported in tennis players second-
ary to overhead serving.®» %
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SUMMARY

Several overuse injuries can affect the upper extremity of tennis

players. A thorough understanding of anatomy and knowledge of these

common conditions and their treatment facilitates the management of
these athletes. :
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