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Objective: Determine the prevalence of lateral epicondylosis (LE) of the dominant elbow in manual wheelchair
users based on ultrasound assessment and physical exam.
Design: Prospective, cross-sectional.
Setting: National Veteran Wheelchair Games 2018 and 2019 (event medical services).
Participants: Manual wheelchair users who attended the National Veteran Wheelchair Games (n = 87).
Interventions: Participants completed a questionnaire then underwent an ultrasound assessment and a physical
exam of their dominant arm evaluating for common extensor tendinopathy (CET) or clinically LE.
Main Outcome Measure: Prevalence of CET diagnosed by ultrasound criteria was compared with other
diagnostic criteria with MaNemar test for paired binary data.
Results: Forty-six percent (N = 40) of participants met diagnostic criteria for CET by ultrasound assessment and
17% (N = 15) of participants met criteria for LE based on physical exam. These values are dramatically higher
than what has been reported in the able-bodied population where the prevalence is estimated to be <2%. Age
and number of years of wheelchair use were significant predictors of ultrasound diagnosis of LE (P = 0.02, 95%
confidence interval [CI] 1.01–1.11) and (P = 0.05, 95% CI 1.00–1.09), respectively. Association analysis based
on odds ratio and CI found no association between ultrasound findings suggestive of LE with regular adaptive
sport participation greater than 1.5 h per week.
Conclusion: Compared to able-bodied population, there is an increased prevalence of both CET and LE in
manual wheelchair users based on either ultrasound assessment or physical exam. CET is associated with
increased age and increased years using a manual wheelchair. There is no association between the
diagnosis of LE and participation in adaptive sport.
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Introduction
Lateral epicondylosis (LE) or “tennis elbow” is a degen-
erative process related to the repetitive wrist and arm
motions.1,2 Prior studies estimate that the prevalence
of LE in the general population is about 1.3%, but the
prevalence of LE is in manual wheelchair users in gen-
erally unknown.3 Biomechanically, the extensor carpi
radialis brevis tendon that inserts at the lateral epicon-
dyle is under maximal force during forearm pronation,
wrist flexion and ulnar deviation.2 Widely accepted

physical exam maneuvers for LE include the Cozen’s
test and Mill’s test.2 A previous study validated these
tests with comparisons to ultrasonographic findings sug-
gestive of LE, concluding that Cozen’s test was effective
at ruling out LE (sensitivity 84%, specificity 0%)
whereas Mill’s test was an appropriate maneuver to
rule-in LE (sensitivity 53%, specificity 100%).2

Previous studies in able-bodied individuals have
shown tennis playing as a risk factor in LE.4 With
regard to relevance for adaptive sports, which is often
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played at a wheelchair-level, a study by Roy et al.
showed that there was no increased risk of LE observed
in wheelchair tennis players as compared to non-tennis
playing wheelchair users.5 A secondary finding of that
study was that the duration of wheelchair use was a sig-
nificant predictor of LE in manual wheelchair users,
regardless of tennis playing. Manual wheelchair users
are dependent on their upper extremities for mobility
and other activities of daily living. Studies have shown
chronic conditions of the shoulder and wrist joints
related to wheelchair use, but fewer studies focus on
the prevalence of elbow pain and its etiologies.
Unspecified elbow pain has been reported in 33% of
individuals with wheelchair use due to paraplegia.6

LE remains a clinical diagnosis, however, ultrasound
evaluation of the elbow may reveal calcifications,
tears, bony irregularity of the lateral epicondyle and
thickening and heterogenicity of the common extensor
tendon, all findings suggestive of LE.7,8 Although LE
is a clinical diagnosis, ultrasound is being used to
confirm this with physical exam findings. For example,
a common extensor tendon thickness of 4.2 mm or
greater correlates well with LE.9 Previous interobserver
studies examining tendon thickness, color doppler
activity and bony spurs found good to excellent
reliability for all measurements.8,10 Ultrasound findings
of hypoechogenicity of the extensor tendon complex and
bony changes indicate increased stress of the common
extensor tendon at the lateral epicondyle as seen with
LE.11 A previous study in the able-bodied population
found that the common extensor tendon of the domi-
nant elbow in asymptomatic, able-bodied individuals
was thicker as compared to the nondominant elbow in
males as compared to females but with no age
correlation.12

In this study, we hypothesized that the prevalence of
LE, based on ultrasound assessment and physical
exam of the dominant elbow, would be higher in
manual wheelchair users than what has previously
been reported in able-bodied individuals. We further
hypothesized that participation in regular adaptive
sports would increase the risk of LE. Finally, based on
previous work by Roy et al., we hypothesized that
increased years of manual wheelchair use would be
associated with increased risk of ultrasound findings
suggestive of LE.5

Methods
Participants
This study was a prospective, cross-sectional study con-
ducted at the 2018 and 2019 National Veteran
Wheelchair Games in Orlando, FL, and Louisville,

KY, respectively. Participants were recruited throughout
the duration of the games as attendees. This study was
approved by the Institutional Review Board within
Clement J. Zablocki Veteran Affairs Medical Center
including ethical approval by the VA Privacy Office.
All participants signed written informed consent prior
to study participation. Inclusion criteria included age
18 years or older, male or female, were able to provide
consent and use a manual wheelchair as their primary
means of mobility in the community. Exclusion criteria
included a history of significant trauma to the elbow,
abnormal elbow anatomy, were unable to provide
consent, or persons who do not use a manual wheelchair
as their primary means of mobility in the community.

Questionnaire
Each participant completed a survey on (1) demo-
graphics including age, sex, race/ethnicity, and history
of elbow injury, (2) cause of injury leading to wheelchair
use, (3) designation as athlete vs non-athlete based on
regular adaptive sport participation defined as more
than 1.5 h per week, (4) number of years as a wheelchair
user, and (5) subjective elbow pain.

Ultrasound assessment
The dominant arm of each participant was examined by
a Physical Medicine and Rehabilitation or Sports
Medicine board-certified, ultrasound-trained physician
to evaluate for (1) tendon thickening (defined as >
4 mm), (2) increased vascularity as seen by Doppler,
and (3) extensor tendon hypoechogenicity. Currently,
there are no standardized ultrasound criteria for the
diagnosis of LE. While each ultrasound abnormality
listed above may individually suggest a common exten-
sor tendinopathy (CET), multiple internally consistent
abnormalities are more convincing than isolated
abnormalities, which raise the possibility of technical
mishap. Therefore, a diagnosis of common extensor ten-
dinopathy by ultrasound examination was given if there
was the presence of at least two of three above-men-
tioned criteria.13 The examiner also assessed for the
presence of calcifications at the common extensor inser-
tion site, cortical irregularities, or presence of a common
extensor tendon tear. The dominant elbow was exam-
ined using a SonoSite M-Turbo (SonoSite, Bothell,
Washington) or GE LOGIQ e (GE Healthcare,
Chicago, IL), both portable high-resolution ultrasound
machines, using a linear transducer high-frequency
probe.

Physical exam
A focused physical exam of the dominant elbow of each
participant was conducted by a licensed physician
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assessing for tenderness to palpation at the lateral epi-
condyle and reproducible lateral epicondyle pain with
Cozen’s test and Mill’s test. Mill’s test required the par-
ticipant’s elbow to be flexed at 90 degrees, their forearm
pronated, and wrist fully flexed while the examiner
extended the elbow slowly. Cozen’s test was performed
with the participant’s elbow fully extended and
forearm pronated, and the examiner provided resistance
to active wrist extension. A positive test for either man-
euver included a reproduction of pain at the lateral epi-
condyle or within 2 cm distal to the tendon insertion
site.2 For greater sensitivity and specificity of our clinical
assessment, a positive diagnosis of LE was established if
two of three physical exam maneuvers elicited elbow
pain.13,14

Statistical analyses
The primary outcome measure was the prevalence of
CET in manual wheelchair users based on ultrasound
assessment or LE based on physical exam. Prevalence
of CET as diagnosed by ultrasound criteria was com-
pared with other diagnostic criteria with McNemar’s
test for paired binary data. Sample proportions were
reported with exact 95% binomial confidence intervals.
Associations between diagnostic results and categorical
variables (sex, age, race/ethnicity, regular adaptive
sport participation, cause of injury, and years as a
wheelchair user) were tested with Fisher’s exact test.
Continuous variables such as age and years of wheel-
chair use were compared between patients’ groups
(two groups) using Welch two-sample t-test. Group
specific means were summarized by means and standard
deviations (SDs); 95% confidence intervals (CIs) based
on t-distributions were reported. Prevalence of LE in
manual wheelchair users was compared to the preva-
lence in able-bodied population as defined in previous
studies with a binomial test. A P-value < 0.05 was con-
sidered statistically significant.

Results
Eighty-seven participants completed the questionnaire
and examinations. The average age of the individuals
was 56 ± 12years (Table 1). Types of injuries included
spinal cord injuries (n = 58; 67%), lower-extremity
amputation (n = 19; 22%), and “other” (which included
multiple sclerosis, other neurological condition or trau-
matic brain injury) (n = 9; 10%) (Table 2). The average
time using a manual wheelchair was 16 ± 13 years
(Table 2). Eight participants did not disclose race/ethni-
city, one participant did not disclose injury type and ten
participants did not provide a number of years as a
wheelchair user. Self-reported elbow pain of the

dominant side at the time of the study was reported in
25% of participants (N = 22). Seventy-three percent of
participants (N = 62) indicated that they participate in
adaptive sports regularly (defined as more than 1.5 h a
week) (Table 2).
Prevalence of ultrasound diagnosis of common exten-

sor tendinopathy (CET) among wheelchair users was
compared to estimated prevalence in the general popu-
lation (1.3% using physical exam criteria).3 Forty-six
percent (N = 40) of participants met diagnostic criteria
for CET via ultrasound assessment by meeting two of
three diagnostic criteria: (1) tendon thickening, (2)
increased vascularity, and (3) hypoechogenicity. Paired
analysis revealed an association between CET and the
presence of calcifications (P < 0.005). Seventeen
percent (N = 15) of participants met criteria for LE
based on physical exam. Based on our findings, there
was an increased rate of CET by ultrasound assessment,
as compared to LE by physical exam (Tables 3 and 4).

Table 2 Characteristics of participants based on
questionnaire.

Characteristic Total

Dominant elbow
Right N = 71 (82%)
Left N = 16 (18%)
Type of injury
Spinal cord injury N = 58 (67%)
Lower extremity amputee N = 19 (22%)
Neurological N = 9 (10%)
Years a wheelchair user
Mean (SD) 16 ± 13 years
Median 13
Adaptive sport
Athlete 62 (73%)
Non-athlete 23 (27%)
History of elbow injury
Yes 28 (33%)
No 58 (67%)
Elbow Pain
Yes 22 (26%)
No 64 (74%)

Table 1 Demographics of participants.

Characteristic Total N = 87

Age
Mean (SD) 56 ± 12 years
Median 58
Sex
Male 78 males (90%)
Female 9 females (10%)
Race/ethnicity
Caucasian N = 49 (56%)
African American N = 16 (18%)
Latino N = 10 (11%)
Asian N = 3 (3%)
Undisclosed N = 9 (10%)
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Using logistic regression models, increased age and
number years of wheelchair use were significant predic-
tors for ultrasound findings suggestive of LE (Figs. 1
and 2). Mean age for participants with ultrasound find-
ings of CET was 61 years (SD 10.4) and mean age
without ultrasound diagnosis of CET was 52.5 years
(SD 12.6). Age was a significant predictor of ultrasound
findings suggestive of LE, odds ratio 1.01 per year (P =
0.02, 95% CI 1.01–1.11) (Fig. 1). Number of years of
wheelchair use was also a significant predictor of ultra-
sound findings suggestive of LE, (P = 0.05, 95% CI
1.00-1.09) (Fig. 2). Odds ratio for ultrasound findings
of CET as a result of number of years of wheelchair
use was 1.009 per year of wheelchair use. There was a
mean duration of 21 years (SD 14) of wheelchair use
for those with ultrasound findings suggestive of LE as
compared to mean duration of 12 years (SD 10) for
those without ultrasound findings.
Association analysis based on odds ratio and confi-

dence interval found no association between ultrasound
diagnosis of common extensor tendinopathy and
various demographic information including sex, race/
ethnicity, prior history of an elbow injury, regular adap-
tive sport participation (Fig. 3), or injury type (compar-
ing spinal cord injury, amputee and “other” which
included multiple sclerosis, other neurological condition
or traumatic brain injury).

Discussion
The novel findings in our study are three-fold. First,
the prevalence of LE in manual wheelchair users
was dramatically higher than published norms in able-
bodied individuals. Based on the physical exam alone,
the prevalence of LE was 17% among manual wheelchair
users. The prevalence of ultrasound-abnormalities
(increased tendon thickness >4 mm, tendon hypoecho-
genicity, and hypervascularity) as seen in LE was 46%

among manual wheelchair users. While these ultrasound
findings suggest LE in a symptomatic individual, this
likely represents an asymptomatic common extensor ten-
dinopathy in an individual with no symptoms of elbow
pain.12 Although LE remains a clinical diagnosis based
on presentation and symptoms, both of these prevalence
values are in stark comparison to able-bodied individ-
uals, where the prevalence of LE has been cited to be
approximately 1.3% of the general population.3 Second,
this study found that increased age and number of
years using a wheelchair placed individuals at higher
risk of acquiring common extensor tendinopathy
(Figs. 1 and 2). Finally, we found no association
between the presence of common extensor tendinopathy
and regular adaptive sport participation defined as
more than 1.5 h a week (Fig. 3).
It is expected that acute elbow pain at the lateral epi-

condyle would present with clinical symptoms such as
swelling, pain, and positive exam maneuvers. LE as a
tendinopathy is defined as a degenerative, overuse con-
dition and would likely have abnormal structural find-
ings as seen with an ultrasound assessment, as a result
of repetitive damage and repair to the area.14 The sensi-
tivities and specificities for ultrasound findings of LE for
abnormalities including increased vascularity, bony irre-
gularities, and tendon thickening are considered for
chronic conditions.11

Surveillance and early intervention of musculoskele-
tal conditions in the upper extremity among manual
wheelchair users may halt progressive symptoms that
could negatively affect a manual wheelchair user’s
level of independence or social and emotional well-

Table 3 Number of participants with or without ultrasound
findings suggestive of LE.

Ultrasound (+) Present (−) Not present

Tendon thickening (>4 mm) 57 30
Increased vascularity 10 77
Hypoechoic 50 37

Table 4 Number of participants with or without positive exam
maneuvers clinically suggestive of LE.

Physical exam (+) Positive (−) Negative

Tender to palpation 20 67
Cozen’s test 13 74
Mill’s test 13 74 Figure 1 Predicted probability for diagnosis of LE in manual

wheelchair users as adjusted by age.
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being. Utilizing an ultrasound for diagnostic purposes
of the elbow is an easy, quick and accessible tool to
use in the clinic setting, although requires proper oper-
ator skill and experience. A diagnostic ultrasound
assessment used in conjunction with a standard physical
exam would be the ideal evaluation, however, a physical
exam alone could still provide valuable information.
Based on these findings, it is recommended to have a
high degree of suspicion for LE in manual wheelchair

users with elbow pain and early intervention for injury
prevention is warranted. The biomechanics of wheel-
chair use is exceptionally important when treating mus-
culoskeletal injuries of the upper extremities in this
population. As an overuse condition, the development
of LE may be related to wheelchair mobility and trans-
fers. This study did not investigate which activities wor-
sened clinical symptoms but should be considered with
the clinical evaluation of elbow pain. There is evidence
that with proper training of wheelchair transfer and pro-
pulsion techniques, the biomechanics of the upper extre-
mity, including force through the elbow, can be
favorably altered.15,16 Personalized training on proper
transfer techniques may significantly reduce the range
of motion and force reductions of the elbow during
transfers, reducing elbow pain and other conditions
such as ulnar neuropathy.16 Optimal seat position of a
manual wheelchair may also minimize stress on the
upper extremities by maintaining protective elbow
angles during wheelchair propulsion.17 Most literature
on manual wheelchair biomechanics focuses on the
shoulder joint, but the loading of all the upper extremity
joints are highly correlated to each other with manual
wheelchair propulsion and transfers.16 If needed in the
treatment of LE, further conservative management
usually includes nonsteroidal anti-inflammatory drugs,
orthotics (counter-force bracing), and therapy focusing
on eccentric exercises.13 If conservative management
fails to improve symptoms, a number of minimally inva-
sive procedures may be considered such as tenotomy and
injections with corticosteroid or platelet-rich plasma.1,13

Surgical repair is performed in about 2–4% of all cases
in the general population.1,18

Previous studies show high sensitivity but low speci-
ficity with a correlation of ultrasonographic findings
of the common extensor tendon and symptomatic
LE.19 Ultrasound assessment is perhaps more sensitive
to pathological changes that are known to occur with
symptomatic LE and arguably, with a vulnerable popu-
lation such as manual wheelchair users, it may be
advised to closely monitor those with abnormal ultraso-
nographic findings to suggest a tendinopathy to prevent
progression to a chronic condition (LE). Given no
association between the ultrasound-diagnosis of
common extensor tendinopathy and pain or positive
physical exam maneuvers in this study, it would be inter-
esting to study asymptomatic individuals with ultra-
sound diagnosis of common extensor tendinopathy
longitudinally to determine if they later develop clinical
symptoms of LE.
Although there is fair to excellent consistency

among examiners specifically regarding the

Figure 2 Predicted probability for diagnosis of LE in manual
wheelchair users as adjusted by number of years using a
manual wheelchair.

Figure 3 Probability of positive ultrasound findings suggestive
of LE in adaptive sport athletes who participate in regular sport
vs. non-athletes. There was no difference noted between
groups.
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measurement of the common extensor tendon, it is
worth mentioning that ultrasound assessment is
highly dependent on variables such as operator experi-
ence, equipment, and stage of pathology.20 It is likely
best practice to combine clinical judgement with a
physical exam while supplementing use of diagnostic
ultrasound for management of LE.
Given the high prevalence of upper extremity pain

symptoms in manual wheelchair users, we wanted to
investigate whether regular participation in adaptive
sport increases the risk of LE. This study considered a
participant an “athlete” if they indicated regular partici-
pation in adaptive sports, defined as participation in any
sports more than 1.5 h a week. It is worth noting that
although participants in this study were recruited at a
national-level adaptive sport event, several attendees
do not participate in adaptive sport regularly. A
threshold of 1.5 h per week of adaptive sport partici-
pation was chosen based on physical activity guidelines
for the spinal cord injury population from 2018 that rec-
ommends at least 20 min of moderate to vigorous inten-
sity aerobic activity twice a week with strength-training
exercises twice a week, or for cardiometabolic health
benefits 30 min of moderate to vigorous intensity
aerobic exercise 3 times per week is recommended.21

Based on these guidelines, 1.5 h of adaptive sport per
week would identify individuals who meet rec-
ommended SCI guidelines for physical activity.
Unfortunately, individuals with spinal cord injury are
a physically inactive population, with nearly 49% of
individuals with a spinal cord injury reporting no phys-
ical activity.22–24 Similarly, another study found that
54% of adults with physical disabilities do not partici-
pate in any physical activity.25 In our study, 27% of
our participants do not meet standard physical activity
guidelines for the SCI population despite recruitment
at a national sporting event. Based on the prevalence
of common extensor tendinopathy among “athletes”
and “non-athletes”, our results indicated there was no
increased risk of CET association with regular partici-
pation in adaptive sport. A pilot study by Roy et al.,
investigating the risk of LE among wheelchair users
who play tennis, found a similar finding that there was
no increased risk of LE associated with tennis playing
among manual wheelchair users. This is reassuring, as
there are known benefits for organized sports for indi-
viduals with a disability through adaptive sport oppor-
tunities. These include physical and psychological
benefits such as increased strength and balance, mood
regulation, maintenance of healthy weight, social
engagement and enhancing emotional well-being
through adaptive sport.26,27

Limitations/Future directions
Each ultrasound assessment was performed by one of
three ultrasound-trained physicians with previous ultra-
sound experience. The intrarater and interrater
reliability of diagnosis of LE were not assessed in this
study. Recruitment of participants was limited to the
National Veteran Wheelchair Games which has prior
screening protocol for eligible participants. This may
have led to a selection bias of more active and indepen-
dent manual wheelchair users compared to the non-
active wheelchair user. All participants disclosed that
they use manual wheelchairs as their primary means
of mobility, but with varying amounts of wheelchair
use leading to differences in upper extremity reliance
for mobility (i.e. amount of wheelchair use for complete
paraplegia vs lower extremity amputation). Recall bias
was a limitation due to participants self-reporting on
the questionnaire. This study did not obtain information
regarding participant occupation status or type and
volume of sport participation but may be an area for
further investigations. Further research is recommended
to determine if the amount and type of physical activity
influence musculoskeletal conditions such as LE.
Furthermore, this study did not determine the duration
of any clinical symptoms related to the elbow to differ-
entiate between an acute or chronic condition as it per-
tains to ultrasound findings. Only the dominant elbow
was assessed in this study, but there is no previously pub-
lished data as to whether the dominant or non-dominant
elbow is more prone to overuse injuries in manual
wheelchair users.

Conclusion
Compared to previously published meta-analysis with
able-bodied individuals, there is a dramatic increase in
structural abnormalities that the authors believe may
lead to LE in manual wheelchair users. Increased age
and increased number of years of wheelchair use were
both significant predictors of increased prevalence of
common extensor tendinopathy. Participation in adap-
tive sport did not increase risk of LE. Ultrasound evalu-
ation of the lateral epicondyle in manual wheelchair
users can be used to better assess the population most
at risk of developing symptomatic LE.
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