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E
pidemiological reports suggest that up to 40% of tennis players 
experience lateral elbow pain at some time during their lifetime.2,26 
Lateral epicondylalgia is one of the most common injuries 
in tennis players of all skill levels and can result in prolonged 

symptoms and reduced athletic performance.15 Lateral epicondylalgia 
is characterized as a chronic overuse injury that is likely the result

of multiple factors.26 However, high de-
mands on the wrist extensor musculature 
from repeated muscular contractions in 
extreme positions of the upper extremity 
may contribute to the pathophysiology 
that leads to symptoms of lateral epi-
condylalgia. Both extrinsic and intrinsic 
factors contributing to injury may be 
present prior to the actual injury or on-
set of symptoms. Extrinsic risk factors 
can include errors in technique, environ-
mental conditions, and equipment that 
alters the external forces applied to the 
upper extremity.26 Intrinsic risk factors 
can include altered joint arthrokinema-
tics, muscular imbalances, or muscular 
weakness in the upper extremity that may 
expose an individual to microtrauma of 
the involved tissues.13

Grip strength weakness11,12 and gen-
eral weakness of the arm1,10,31 have been 
reported in individuals with acute symp-
toms of lateral epicondylalgia. This is 
consistent with the finding that, during 
the tennis stroke, the musculoskeletal 
components of the scapula, shoulder, el-
bow, and wrist are essential links in the 
kinetic chain that transfers energy from 
the force-generating legs and trunk to 
the more rapidly moving segments of the 
wrist and hand.18 Therefore, it is impor-

TT STUDY DESIGN: Descriptive, cross-sectional.

TT OBJECTIVES: To compare static strength 
characteristics of the upper extremity musculature 
in female recreational tennis players with lateral 
epicondylalgia to those of nonsymptomatic tennis 
players and a control group of women who did not 
play tennis.

TT BACKGROUND: There is a paucity of research 
describing the relationship between lateral epicon-
dylalgia and strength characteristics of the upper 
extremity musculature, despite the functional rela-
tionship between the shoulder, elbow, and wrist.

TT METHODS: Sixty-three women were recruited 
into 3 groups (n = 21 per group): symptomatic 
tennis players (STP) with lateral epicondylalgia, 
nonsymptomatic tennis players, and controls. Data 
collection was performed during a single session, 
during which the strength of selected muscle 
groups of the dominant upper extremity was mea-
sured using a combination of force transducers. 
Strength ratios of selected muscle groups were 
then calculated.

TT RESULTS: The STP group reported median pain 
level of 3/10 on a numeric pain rating scale and a 

symptom duration of 16 weeks. The STP group had 
weaker lower trapezius strength (mean difference, 
–9.0 N; 95% confidence interval [CI]: –13.5, –4.4) 
and wrist extensor strength (–12.7 N; 95% CI: 
–24.4, –1.1), and a higher shoulder internal/external 
rotation strength ratio (0.19; 95% CI: 0.02, 0.35) 
and upper/lower trapezius strength ratio (1.32; 
95% CI: 0.41, 2.23), compared to those of the 
nonsymptomatic group. Compared to the control 
group, the STP group demonstrated a significantly 
higher shoulder internal/external rotation strength 
ratio (0.21; 95% CI: 0.04, 0.38) and wrist flexion/
extension strength ratio (0.14; 95% CI: 0.01, 0.27).

TT CONCLUSION: In this group of recreational 
female tennis players, significant differences 
in strength and strength ratio characteristics 
were identified. Although the design of the study 
precludes establishing a cause-and-effect relation-
ship, the results suggest further study and treat-
ment of the muscle groups of interest. J Orthop 
Sports Phys Ther 2012;42(12):1025-1031, Epub 5 
September 2012. doi:10.2519/jospt.2012.4095

TT KEY WORDS: lateral epicondylitis, shoulder, 
tennis elbow, wrist
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tant to consider that musculature that 
may not be directly associated with the 
symptomatic site may be involved me-
chanically in the development of symp-
toms at the lateral elbow. The purpose of 
this study was to measure static strength 
of the upper extremity musculature as a 
potential pathobiomechanical factor in 
the etiology of lateral epicondylalgia in 
female tennis players.

METHODS

Subjects

S
ubjects  were  recruited  from 
advertisements in the recreational 
tennis community. Sixty-three fe-

male participants (mean  SD age, 44.9 
 8.1 years; age range, 20-63 years) sat-
isfied the eligibility criteria for inclusion. 
Subjects were recruited into 3 groups 
of equal size (n = 21 per group): tennis 
players with symptoms of lateral epicon-
dylalgia in the dominant extremity (STP 
group), tennis players without symptoms 
of lateral epicondylalgia (NSTP group), 
and a control group consisting of active 
women who did not play tennis. Demo-
graphic and pain data were collected on 
all participants by questionnaire. The 
study was approved by the Institutional 
Review Board of Nova Southeastern Uni-
versity, and written informed consent was 
obtained from all participants.

Inclusion and Exclusion Criteria and 
Group Assignment
All participants were required to be 
women between 18 and 65 years of age. 
The participants in the 2 groups of ten-
nis players were required to be actively 
involved in recreational tennis play at 
least twice a week for a minimum of 10 
weeks immediately prior to data collec-
tion, unless the symptomatic players had 
decreased playing within that time period 
because of lateral elbow pain. The par-
ticipants in the control group were recre-
ationally active women who did not play 
tennis.

To qualify for inclusion in the STP 
group, at least 3 of 4 of the following cri-

teria14,37 were required: pain in the lateral 
elbow region within 90 days immediately 
prior to data collection, tenderness to 
palpation local to the lateral epicondyle 
at the time of evaluation, pain local to the 
lateral epicondyle during resisted wrist 
extension performed with the elbow in 
extension at the time of evaluation, and 
pain occurring local to the lateral epi-
condyle with stretching of the wrist ex-
tensors. All 4 diagnostic criteria were 
required to be negative for a participant 
to be included in one of the asymptom-
atic groups.

Participants were excluded if they 
participated in professional tennis ac-
tivities or sports activities that required 
extremes of dominant upper extremity 
motion, were not fluent in English, were 
pregnant, were under medical care for 
cervical pathology, had a history of rheu-
matoid disease or neurologic impair-
ment, had recent surgery to the upper 
quarter, or had any previous surgery to 
the elbow or shoulder. Additionally, they 
were excluded if the screening tests for 
differential diagnosis were positive, in-
dicating possible cervical radiculopathy, 
radial tunnel syndrome, or intra-articular 
elbow pathology.

The following tests were also used 
to determine inclusion in the study: (1) 
the Spurling test to rule out cervical pa-
thology (reported positive and negative 
likelihood ratios of 9.63 and 0.25, re-
spectively)35; (2) passive range of motion 
of the elbow to assess for crepitus, joint 
sounds, or motion limitations, which sug-
gest an intra-articular pathology28; (3) 
the chair test, as described by Regan and 
Lapner,33 to assess for lateral collateral 
ligament integrity (the diagnostic utility 
of which has not been established); and 
(4) palpation and resisted supination to 
determine the presence of radial tunnel 
syndrome.37 The most common physi-
cal findings for radial tunnel syndrome 
include tenderness over the radial nerve 
at the supinator muscle level and pain 
on resisted supination 4 cm distal to the 
lateral epicondyle.36 Despite the lack of 
published diagnostic utility data for these 

tests, indications of pain in the proximal 
muscle of the forearm (rather than at the 
lateral epicondyle) and pain with resisted 
supination were used as screening tools 
to rule out radial tunnel syndrome. When 
the screening tests were negative, each 
participant was physically examined for 
lateral epicondylalgia to confirm group 
assignment. The examination procedures 
and data collection were conducted by a 
licensed physical therapist who was certi-
fied in hand therapy and had 19 years of 
clinical experience.

Instrumentation
The microFET2 (Hoggan Health Indus-
tries, Inc, West Jordan, UT) handheld 
dynamometer (HHD), which has a man-
ufacturer-reported accuracy within 2%, 
was used for data collection. The dyna-
mometer was factory calibrated prior to 
the study.

Procedure
Strength tests were performed in the 
order listed below, with a maximal iso-
metric hold time (make test) of approxi-
mately 6 seconds, using standardized 
instructions.19 Three repetitions were 
performed for each muscle group. Partic-
ipants were provided with 10 seconds of 
rest between trials and at least 3 minutes 
between the testing of muscle groups. 
The peak strength value of each of the 3 
trials was recorded and subsequently av-
eraged for analysis.

For all seated tests, the nontested arm 
was on the subject’s lap, and a stabiliza-
tion belt was applied around the partici-
pant’s chest and chair to prevent trunk 
movement. The participant was seated 
in an armless chair with the trunk sup-
ported and the feet flat on the floor.
Shoulder Internal/External Rotation  
Strength testing for shoulder internal 
rotation (IR) and external rotation (ER) 
was conducted using a previously es-
tablished protocol and equipment.19,20 A 
preconstructed arm support, placed in 
the participant’s axillary region, main-
tained the tested arm in 30° of elevation 
in the scapular plane, and a PVC stabili-
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zation device, positioned on the wall at 
a level that accommodated the desired 
testing angle, held the contact surface of 
the HHD against the participant’s arm 
(FIGURE 1). IR was tested with the contact 
surface of the HHD placed on the volar 
aspect of the distal forearm, and ER was 
tested with the contact surface of the 
HHD placed on the dorsal aspect of the 
distal forearm.
Shoulder Abduction  The strength of the 
shoulder abductors was tested in a seated 
position, with the arm adducted by the 
side of the trunk.20 The stabilization de-
vice was positioned with the HHD just 
proximal to the lateral epicondyle.
Upper Trapezius  Upper trapezius (UT) 
testing was conducted according to a 
previously established protocol.20 The 
participant was seated in a chair, with the 
trunk stabilized and the elbow of the test-
ed side actively flexed to 90°. The tester 
stood behind the participant and, using a 
stable stool, placed the HHD on the su-
perior lateral aspect of the scapula, with a 
nonslip padding interposed between the 
skin and HHD. The participant was in-
structed to shrug the shoulder.
Wrist Flexion/Extension  Participants 
were seated with the shoulder abducted 
to approximately 20° of neutral rotation, 
the elbow flexed to 90°, and the forearm 
resting in neutral rotation on an adjust-
able-height table on the tested side. The 
wrist was positioned in neutral extension/
flexion, with the fingers in slight flexion. 
For wrist flexion, the examiner manually 
stabilized the distal forearm just proxi-
mal to the wrist with 1 hand and applied 
the HHD to the palm of the participant’s 
hand, so that the midpoint of the HHD 

contact surface corresponded with the 
midline of the third metacarpal. The par-
ticipant was instructed to flex the wrist. 
For wrist extension, the testing position 
was identical, except that the examiner 
applied the HHD to the dorsal aspect 
of the hand, so that the midpoint of the 
HHD contact surface corresponded with 
the midline of the third metacarpal. The 
participant was instructed to extend the 
wrist.
Lower Trapezius  The participant was 
in a prone position on the testing table30 
and was instructed to raise the arm off 
the table toward the ceiling, while pulling 
the scapula downward in the direction of 
scapular depression.20 The examiner ap-
plied the HHD to the lateral aspect of the 
distal radius (FIGURE 2).
Elbow Flexion/Extension  Strength of the 
elbow flexors and extensors was tested in 
a supine position using a previously es-
tablished protocol.4 The participant was 
instructed to place the tested arm along 
the trunk and to flex the elbow to 90°. 
The forearm and wrist were held in a 
neutral position. The examiner manually 
stabilized the distal humerus just proxi-
mal to the elbow joint with 1 hand and 
applied the HHD to the lateral aspect of 
the distal radius just proximal to the wrist 
for elbow flexion. The procedure was re-
peated for extension, with the HHD ap-
plied just proximal to the wrist on the 
ulnar surface of the forearm.

Data Analysis
Statistical analysis included measures of 
central tendency and variability of the 

descriptive data for each of the groups 
using SPSS Version 18.0 (SPSS Inc, Chi-
cago, IL). An a priori power analysis indi-
cated that, with an alpha level of .05 and 
a conventional large effect size of 0.40 for 
a power of .80, a minimum sample of 21 
per group was required.32 Outcomes data 
were compared among the 3 groups us-
ing a 1-way analysis of variance for each 
variable. Post hoc analyses were conduct-
ed using the Bonferroni test. The signifi-
cance level was set at the .05 level, using 
a 2-tailed test for all hypotheses.

Using the strength data, agonist-an-
tagonist ratios were calculated for shoul-
der IR/ER, UT/lower trapezius (LT), 
shoulder abduction/ER, elbow flexion/
extension, and wrist flexion/extension. 
The data of the 3 individual strength 
trials and the calculated strength ra-
tios were used to document intrarater 
within-session reliability of the strength 
measurements using intraclass correla-
tion coefficients (ICC3,1).

RESULTS

T
he analysis of variance re-
vealed no significant differences 
among the symptomatic tennis play-

ers, the nonsymptomatic tennis players, 
and the control group for age (P = .329), 
weight (P = .702), height (P = .059), and 
body mass index (P = .722). There were 
also no significant differences for the 
number of years playing tennis, self-
reported skill level, or frequency of play 
between the tennis players with and 
without lateral elbow pain (TABLE 1).

The participants in the STP group 
reported a mean duration of symptoms 
of 26.4 weeks (range, 4-104 weeks) and 
median of 16 weeks. The mean duration 
of symptoms was largely influenced by 
2 participants with a longer duration of 
symptoms. Pain intensity, measured with 
an 11-point numeric pain rating scale on 
which 0 was no pain and 10 was maxi-
mum pain, ranged from 2 to 7.

The reliability of strength measure-
ments and strength ratio data, as deter-
mined with ICCs, ranged from 0.92 to 

FIGURE 1. Strength test for shoulder external rotation.

FIGURE 2. Strength test of lower trapezius muscle.
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0.98 and from 0.66 to 0.87, respectively. 
Strength data for the 3 groups of partici-
pants are presented in TABLE 2. Strength 
ratio data are presented in TABLE 3.

Strength
The strength values for the LT (P<.001) 
and wrist extension (P = .004) were sig-
nificantly different among groups. Post 
hoc analyses indicated that LT strength 
was significantly greater in the NSTP 
group when compared with the STP and 
control groups. Wrist extension strength 
was significantly greater in the NSTP and 
control groups when compared to the STP 
group. No significant difference was found 
among the 3 groups for the strength of the 
shoulder internal and external rotators, 
shoulder abductors, UT, elbow flexors and 
extensors, and wrist flexors.

Strength Ratios
A significant difference was found among 
the groups for shoulder IR/ER (P = .01), 
UT/LT (P = .03), and wrist flexion/ex-
tension (P = .02) strength ratios (TABLE 

3). Post hoc analysis indicated that the 
shoulder IR/ER strength ratio was higher 
in the STP group compared to the NSTP 
and control groups. The UT/LT strength 
ratio was greater in the STP group com-
pared to the NSTP group, but was not 
significantly different from the con-
trol group. The wrist flexion/extension 
strength ratio was significantly greater in 
the STP group compared to the control 
group (mean difference, 0.14; 95% confi-
dence interval [CI]: 0.01, 0.27), but not 
when compared to the NSTP group (0.13; 
95% CI: –0.01, 0.26). No significant dif-
ference was found among the 3 groups 
for shoulder abduction/ER and elbow 
flexion/extension strength ratios.

DISCUSSION

T
he current study demonstrated 
that the women in the STP group 
had weakness of their wrist exten-

sors, compared to the NSTP group and 
a control group of non–tennis players, 
and of their LT compared to the NSTP 

group. The data also revealed significant 
differences in muscle strength ratios for 
the scapular musculature, shoulder ro-
tators, and wrist musculature of the fe-
male tennis players who had symptoms 
of lateral epicondylalgia compared to the 
2 other groups. Although this study re-
ported a potential association between 
these findings and lateral elbow pain 
in this population, it cannot establish a 
causal relationship, as these differences 
may be the result as much as the cause of 
the injury. Either way, the findings may 
have implications for rehabilitation of 
this population.

Scapular Musculature
The STP group had a significantly higher 
UT/LT strength ratio than the NSTP 
group. This higher ratio indicates a rela-
tively greater strength of the UT when 
compared to the LT. This difference in 
strength appears to be consistent with re-
sults of previous motion analysis and dy-
namic studies on subjects with shoulder 
pathology and, specifically, impingement 
syndrome.7,9,22,24,27 To our knowledge, this 
is the first time significant weakness of 
the LT has been studied or identified 
in individuals with symptoms of lateral 
epicondylalgia.

Biomechanically, the dynamic sta-
bilizers of the scapula provide a stable 
platform for the arm throughout its arc of 

motion to allow a powerful tennis stroke. 
These dynamic stabilizers contribute to 
positioning of the scapula for optimal 
force production at the shoulder, and 
the lack of a stable anchor for the rota-
tor cuff muscles seems to adversely affect 
their function, especially when the arm 
is elevated.16 Scapular movement altera-
tions have been associated with shoulder 
pathology25 and may affect the function 
of the distal musculature of the upper 
extremity during the tennis stroke, lead-
ing to overuse injury involving the wrist 
extensors. A rehabilitation protocol that 
addresses the scapular musculature, with 
exercises to correct this apparent mus-
cular imbalance, may be needed in this 
population.8,29,34

Shoulder Rotation
The investigators of the present study 
suspected that weakness of the shoulder 
external rotators would result in compen-
satory overuse of the wrist extensors, po-
tentially leading to lateral epicondylalgia. 
However, the data did not support this 
premise. When calculated as a ratio of 
IR/ER strength, the STP group demon-
strated an IR/ER ratio significantly high-
er than that of the other 2 groups. The 
ratio of IR/ER strength has been shown 
to normally vary among people and dif-
ferent athletic groups.6 It is possible that 
the relative strength difference between 

TABLE 1 Participant Characteristics*

Abbreviations: BMI, body mass index; N/A, not applicable; NSTP, nonsymptomatic tennis players; 
STP, symptomatic tennis players.
*Values are mean  SD (range) unless otherwise indicated. No statistically significant differences were 
found among groups (P>.05).

Variable STP (n = 21) NSTP (n = 21) Controls (n = 21)

Age, y 44.9  5.2 (35-55) 46.8  9.9 (20-63) 43.0  8.4 (23-55)

Mass, kg 63.6  9.2 (43.1-83.9) 65.5  7.8 (54.4-86.2) 66.0  12.2 (51.7-99.8)

Height, cm 163.7  6.3 (156.8-176.5) 165.5  6.6 (157.5-180.3) 168.6  6.8 (157.5-180.3)

BMI, kg/m2 23.7  3.0 (16.3-29.6) 23.9  2.9 (19.0-30.7) 23.2  3.6 (19.5-32.5)

Days per week of tennis play, d 2.5  0.7 (2-4) 2.4  0.7 (2-4) N/A

Hours per day of tennis play, h 1.9  0.5 (1-3) 2.0  0.3 (1-3) N/A

Years of play, y 9.0  7.5 (2-30) 13.5  12.7 (2-43) N/A

Intermediate player, % 71.4 76.2 N/A
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the shoulder rotators may impact the 
ability of tennis players to dynamically 
control the tennis stroke and result in 
subtle compensatory strategies distally.

Elbow
The strength of elbow flexors was greater 
than the elbow extensors in all 3 groups 
studied and was consistent with norma-
tive values.4 No significant differences in 
elbow flexion or extension strength or el-
bow flexion/extension strength ratio were 
evident among the 3 groups of women in 
this study. This is a noteworthy finding, 
given the strength differences in muscle 
groups proximal to the elbow.

Wrist
In our study, the average strength of the 
wrist flexors was slightly greater than that 
of the wrist extensors in all 3 groups. In 
contrast, Bohannon5 found slightly less 
wrist flexor strength as compared to wrist 
extensor strength in healthy women. The 
STP group had a significantly greater 
wrist flexion/extension strength ratio 
(mean difference, 0.14; 95% CI: 0.01, 
0.27) than that of the control group but 
not the NSTP group (mean difference, 
0.13; 95% CI: –0.01, 0.26). The relative 
weakness of the wrist extensors may re-
sult in a relatively flexed wrist posture 
during various tennis strokes, thus mak-

ing the wrist extensors vulnerable to in-
jury.3 Strength balance between the wrist 
flexors and extensors may be protective 
against repetitive trauma of the common 
extensor insertion in tennis players.

Pain
Most symptomatic players (61.9%) had 
a symptom duration of 6 to 20 weeks 
and could be considered to be in a sub-
acute stage. Only 2 participants (9.5%) 
presented within the first 5 weeks of 
symptom onset. Most symptomatic sub-
jects (85.8%) reported pain intensity that 
ranged from 2/10 to 4/10 on a numeric 
pain rating scale and were still actively 

	

TABLE 2 Muscle Strength Outcomes and Differences Between Groups

Abbreviations: AB, abductors; E, extensors; ER, external rotators; F, flexors; IR, internal rotators; NSTP, nonsymptomatic tennis players; STP, symptomatic 
tennis players.
*Values are mean  SD (range) N.
†Values are mean (95% confidence interval).
‡Significant difference between groups (P<.05).

Muscles Measured STP (n = 21)* NSTP (n = 21)* Control (n = 21)*
Difference, STP 

and NSTP†

Difference, STP 
and Control†

Difference, NSTP  
and Control†

Shoulder IR 88.0  18.7 (53.5-118.6) 87.0  18.8 (55.7-118.8) 83.3  19.5 (46.0-116.5) 1.0 (–13.5, 15.4) 4.6 (–9.8, 19.1) 3.7 (–10.8, 18.1)

Shoulder ER 67.0  11.8 (42.1-83.5) 75.3  12.4 (56.2-99.2) 74.0  15.1 (42.1-104.2) –8.3 (–18.3, 1.7) –7.0 (–17.0, 3.0) 1.3 (–8.7, 11.3)

Shoulder AB 78.9  21.5 (43.4-121.3) 87.6  21.3 (46.6-119.7) 81.5  20.0 (50.6-122.7) –8.8 (–24.7, 7.1) –2.7 (–18.6, 13.2) 6.1 (–9.8, 22.0)

Upper trapezius 165.9  23.8 (129.6-223.6) 177.0  25.3 (142.1-226.9) 159.5  23.2 (120.2-219.7) –11.1 (–29.4, 7.3) 6.4 (–11.9, 24.7) 17.5 (–0.8, 35.8)

Wrist F 64.2  7.9 (45.2-78.3) 71.4  11.3 (42.3-89.1) 74.6  20.8 (43.4-137.4) –7.2 (–18.2, 3.8) –10.4 (–21.4, 0.5) –3.2 (–14.2, 7.7)

Wrist E 52.9  10.8 (36.7-78.1) 65.6  15.1 (39.9-97.9) 68.1  19.0 (38.2-102.6) –12.7 (–24.4, –1.1)‡ –15.2 (–26.9, –3.6)‡ –2.5 (–14.1, 9.2)

Lower trapezius 27.8  6.4 (12.7-42.8) 36.8  7.5 (22.1-49.4) 29.7  3.9 (22.8-38.7) –9.0 (–13.5, –4.4)‡ –1.9 (–6.5, 2.7) 7.1 (2.4, 11.7)‡

Elbow F 138.4  20.9 (103.2-173.0) 148.6  29.2 (101.0-195.3) 134.3  28.6 (80.5-176.1) –10.2 (–30.3, 10.0) 4.1 (–16.1, 24.2) 14.2 (–5.9, 34.4)

Elbow E 95.4  13.2 (70.9-118.2) 93.3  21.4 (65.1-136.9) 88.8  19.8 (53.8-129.7) 2.1 (–11.9, 16.2) 6.6 (–7.4, 20.7) 4.5 (–9.5, 18.6)

	

TABLE 3 Muscle Strength Ratios and Differences Between Groups

Abbreviations: AB, abductors; E, extensors; ER, external rotators; F, flexors; IR, internal rotators; LT, lower trapezius; NSTP, nonsymptomatic tennis players; 
STP, symptomatic tennis players; UT, upper trapezius.
*Values are mean  SD (range).
†Values are mean (95% confidence interval).
‡Significant difference between groups, (P<.05).

Muscle Strength 
Ratios STP (n = 21)* NSTP (n = 21)* Control (n = 21)*

Difference, STP 
and NSTP†

Difference, STP 
and Control†

Difference, NSTP 
and Control†

IR/ER 1.34  0.31 (0.82-2.04) 1.15  0.15 (0.94-1.50) 1.13  0.18 (0.84-1.60) 0.19 (0.02, 0.35)‡ 0.21 (0.04, 0.38)‡ 0.02 (–0.15, 0.19)

UT/LT 6.27  1.60 (3.78-10.16) 4.95  0.97 (3.82-7.57) 5.40  0.64 (4.38-6.68) 1.32 (0.41, 2.23)‡ 0.87 (–0.02, 1.77) –0.44 (–1.34, 0.45)

AB/ER 1.18  0.28 (0.66-1.87) 1.17  0.28 (0.72-1.65) 1.12  0.26 (0.73-1.81) 0.01 (–0.20, 0.22) 0.06 (–0.15, 0.27) 0.05 (–0.16, 0.26)

Elbow F/E 1.46  0.27 (0.90-1.92) 1.60  0.21 (1.32-2.07) 1.53  0.18 (1.18-1.85) –0.14 (–0.31, 0.03) –0.07 (–0.24, 0.10) 0.07 (–0.10, 0.24)

Wrist F/E 1.24  0.20 (0.76-1.60) 1.11  0.17 (0.79-1.36) 1.11  0.14 (0.91-1.34) 0.13 (–0.01, 0.26) 0.14 (0.01, 0.27)‡ 0.01 (–0.12, 0.14)
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playing tennis at the time of the study. 
Kelley et al17 proposed that when using 
subjects who are not acutely symptomat-
ic, more information could be gathered in 
regard to the pathomechanics that likely 
produced the stresses leading to injury. 
The 6 (28.6%) symptomatic tennis play-
ers with a more chronic (6 months or 
more) presentation of symptoms could 
have been characterized by long-term 
sequelae of pathology at the elbow. This 
study would have been strengthened by a 
more homogeneous sample of individu-
als with lateral elbow pain symptoms 
of between 6 and 20 weeks in duration, 
thus isolating a more specific subgroup 
of players with subacute symptoms. Be-
cause wrist strength was assessed with 
the elbow in a flexed position and other 
strength measures were taken proximal 
to the wrist joint, we do not believe that 
pain negatively impacted the strength 
measurements in the symptomatic group.

Limitations of the Current Study
The purposive sampling technique used 
in the present study might have had 
some inherent internal validity prob-
lems, such that an inadvertent volunteer 
bias could have affected the results. Ef-
forts were made to include a sample size 
sufficient to represent typical variations 
in the population of recreational tennis 
players. The examiner who performed all 
the measurements of muscle force was 
not blinded to group assignment, which 
could have led to examiner bias; however, 
that a single examiner was used for all 
testing likely improved the reliability of 
the measurements.

During the performance of HHD test-
ing, the force measured is directly related 
to the point of application of the dyna-
mometer. Upper extremity length was not 
measured in this investigation; however, 
because there were no significant height 
differences among the 3 groups, it is as-
sumed that their upper extremity dimen-
sions were similar. Strength ratio data are 
not affected by a lack of knowledge of up-
per extremity anthropometry. All strength 
measures were performed in fixed con-

secutive order rather than in random 
order. This lack of randomization could 
have affected the strength ratio values 
but not the comparisons among groups. 
Measurements of strength ratios were less 
reliable than measurements of absolute 
strength values; therefore, one should use 
strength ratio data cautiously when mak-
ing treatment-related decisions.21,23

CONCLUSION

T
he relative weakness of the LT 
and wrist extensors may be an im-
portant factor to identify and ad-

dress in tennis players with lateral elbow 
pain. The identified muscle strength 
imbalances of the shoulder rotators and 
wrist musculature may result in subtle 
disruptions in normal movement pat-
terns, making the wrist extensors more 
vulnerable to injury. t

KEY POINTS
FINDINGS: Recreational female tennis 
players with symptoms of lateral epi-
condylalgia demonstrated significant 
weakness of the LT and wrist extensors 
compared to asymptomatic players 
and individuals in a control group. The 
symptomatic players also exhibited 
greater strength ratios for shoulder IR/
ER, UT/LT, and wrist flexion/extension.
IMPLICATIONS: Shoulder and wrist muscle 
strength deficits should be considered in 
the management of female recreational 
tennis players with lateral elbow pain.
CAUTION: This was a cross-sectional study 
of a small group of female recreational 
tennis players; therefore, the data do not 
indicate a causal relationship between 
the factors identified in this sample and 
lateral epicondylalgia.
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