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ABSTRACT
Objective: To determine the diagnostic accuracy of
power Doppler and grey scale ultrasonography, assess
the relationship between severity measures and neovas-
cularity, and describe the intra-tendon distribution of
neovascularity in chronic tennis elbow.
Design: Between group cross sectional study.
Setting: Sports medicine clinic and radiology centre.
Participants: 32 affected elbows (median and range of
duration: 10; 3–120 months) and 18 unaffected contra-
lateral elbows in 25 patients (mean age 50 years) with
lateral elbow pain, and 38 unaffected elbows in 19
asymptomatic participants (mean age 45 years) under-
went a clinical examination (reference standard test) and
grey scale and power Doppler ultrasonographic exam-
ination.
Main outcome measures: Ultrasound examination with
power Doppler identified neovascularity and grey scale
ultrasound changes (lateral epicondyle bony spurring or
irregularity, maximum anterior–posterior thickness, and
echo characteristics) of the common extensor tendon.
Results: Power Doppler had a strong positive likelihood
ratio of 45.39, whereas a combined null finding in power
Doppler and grey scale ultrasonography resulted in a
robust negative likelihood ratio of 0.05. Grey scale
changes were generally not as diagnostically accurate.
Common extensor tendon neovascularity was equally
distributed between the superficial and deep part of the
tendon, and clinical severity measures did not correlate
with neovascularity scores.
Conclusions: Neovascularity identified with power
Doppler ultrasonography when compared to grey scale
changes (alone or in combination with Doppler) was
diagnostically superior in identifying chronic tennis elbow.
The lack of both neovascularity and grey scale changes on
ultrasound examination also substantially increase the
probability that the condition is not present and should
prompt the clinician to consider other causes for lateral
elbow pain.

Tennis elbow affects up to 1.3% of the general
population1 and is a common presentation to
primary care medical clinics.2 Tendinopathy of
the common wrist extensor tendon at the lateral
humeral epicondyle is most frequently implicated
in tennis elbow, and is usually diagnosed clinically
with diagnostic imaging reserved for those cases
not responding to conventional treatment mod-
alities.3–5

Grey scale ultrasound changes described with
common extensor tendinopathy at the lateral
humeral epicondyle are: tendon thickening or
thinning, changes in tendon echogenicity, focal
tendon areas of hypoechogenicity, tendon tears,
tendon calcifications, or lateral epicondyle bony

spurs or irregularity.5–8 Previous reports of the
sensitivity and specificity of grey scale ultrasound
to diagnose tennis elbow is variable and ranges
from 72–88%, and 36–100%, respectively.7 8 This
large variability of findings in published reports on
the sensitivity and specificity of grey scale ultra-
sonography has been attributed to a high rate of
false positive grey scale ultrasound changes.8

Recent advances in tendinopathy research have
focused on tendon neovascularisation detected
with colour/power Doppler ultrasound. The pre-
sence of neovessels and accompanying nerves in
areas of tendinopathy are associated with increased
tendon pain in Achilles, and patellar tendinopa-
thy,9–12 and local anaesthetic injections in close
vicinity to neovessels have been shown to decrease
pain scores in tennis elbow significantly.13 Sensory
nerve innervation with substance P and calcitonin
gene related peptide expression in the extensor
carpi radialis brevis tendon in areas of neovascular-
isation have been implicated as a potential cause of
pain in patients with painful tennis elbow.14

Excellent accuracy has been reported using solely
colour Doppler ultrasonography in patients with
tennis elbow (sensitivity 95%, specificity 88%),15

and painful patellar tendinopathy (sensitivity 92%,
specificity 100%).16

Accurate diagnosis of common extensor tendi-
nopathy at the lateral epicondyle as a cause of
lateral elbow pain will improve management of
this condition, especially in the patient with
prolonged symptoms not responding to conven-
tional treatment modalities; conversely the
absence of tendinopathy changes will prompt
further investigations to identify other possible
diagnoses, such as posterior interosseous nerve
entrapment or intra-articular abnormalities (for
example, elbow and radioulnar osteoarthritis and/
or synovitis), or referred pain from the cervical
spine.5 17 To our knowledge, there are no other
studies of the sensitivity and specificity of power
Doppler combined with grey scale ultrasound
changes in tennis elbow. The aim of this paper
was to evaluate the accuracy of power Doppler and
grey scale ultrasonography in patients with clini-
cally determined tennis elbow during a single real
time ultrasound session. Secondary aims were to:
(1) describe the intra-tendon location of neovascu-
larity in the common extensor tendon; (2) evaluate
the relationship between clinical measures and
intra-tendon neovascularity; and (3) assess the
diagnostic accuracy of grey scale ultrasound
changes in isolation (for example, differences in
diagnostic accuracy for echogenicity, bony spur,
side to side difference in tendon thickness) and if a
combination of these changes improves accuracy.
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PATIENTS AND METHODS

Study population
We conducted a cross-sectional study of a group of participants
in order to determine the diagnostic accuracy of ultrasound
with power Doppler examination for tennis elbow. We
recruited a consecutive series of patients who were referred to
a private sports medicine clinic (Saunders Sports Medicine,
Ipswich, Australia) from general practitioners and sports
physicians in the area, or self referred after reading advertise-
ments in the local paper, with a provisional diagnosis of tennis
elbow. Inclusion criteria was the presence of lateral elbow pain
for more than 3 months, that was exacerbated by activities
involving resisted wrist extension and gripping, as reported by
the patient, as well as a clinical diagnosis of tennis elbow which
included tenderness in the area of the lateral humeral
epicondyle, and lateral elbow pain on resisted wrist and/or
middle finger extension and gripping.3 5 18 Exclusion criteria
included elbow pain for less than 3 months, limitation of
movement with passive forearm pronation, supination, elbow
flexion and/or extension that may indicate radioulnar joint
osteoarthritis or synovitis, upper limb neurological symptoms or
signs that may indicate cervical radiculopathy, and corticoster-
oid injection into the common extensor tendon within the
previous 3 months. Only clinical symptoms and signs were

considered and no other investigations (for example, x ray or
nerve conduction studies) were performed. Also included in the
study were 19 volunteers with no current or past history of
lateral elbow pain. These volunteers were recruited from a
general call for volunteers in the same regional location as that
of the patients. Inclusion criteria for the control group were that
they had no history of elbow pain, no tenderness on palpation
of the elbow, full range of motion, with pain-free grip and pain-
free resisted wrist extension. Informed consent was obtained
from all participants and the ethics committee of the University
of Queensland approved the study.

Clinical measures of tennis elbow
Following inclusion into the study the tennis elbow patients
completed a 100 point pain and functional limitation visual
analogue scale (VAS), as well as grip strength dynamometry
(MIE Medical Research Ltd, Leeds, UK).19 Maximum grip
strength was measured on the unaffected side and pain free
grip strength was measured on the affected side. The latter
required the patient to cease the grip test at the first onset of
pain. A standard position of supine, lying with the upper
limb by the patient’s side with the arm internally rotated
such that the palm of the hand faced the examination table,
was taken.

Figure 1 Participant flow chart.
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Reference standard
Clinical identification of tennis elbow was used as the reference
standard20 and each individual elbow was categorised by a
medical practitioner undergoing postgraduate training in sports
medicine, with 7 years of clinical experience in musculoskeletal
medicine (CDT), into one of two groups: affected or unaffected.
We chose to use as the reference standard the clinical diagnosis
of tennis elbow because it is relatively uncomplicated,3 it is
widely adopted in many high quality randomised clinical
trials,21–23 it has been adopted in studies of outcome mea-
sures,24–27 and currently there is no better means for diagnosing
tennis elbow in clinical practice.

Imaging and interpretation
All ultrasound investigations were performed at Southern X-ray
Clinic, Ipswich, Australia. All elbows were examined by one
musculoskeletal sonographer (MS) who has postgraduate
qualifications and more than 20 years experience in musculo-
skeletal ultrasonography. There was no blinding of the
sonographer as to which elbows were symptomatic in the
tennis elbow group; however, the sonographer was blind to the
results of the reference standard testing. Ultrasound investiga-
tions were performed on the same Philips IU22 ultrasound
machine with a high frequency linear area transducer (broad
band width transducer with a frequency range of 17–5 MHz).
Participants sat with their arm resting on a table, having 90u of
elbow flexion and a pronated wrist. The common extensor
tendon origin was examined routinely in both longitudinal and
transverse planes, with oblique views performed as necessary.

A standardised examination protocol was employed such that
the grey scale imaging was first conducted followed by the
power Doppler. The grey scale imaging was used to: (1) assess
the lateral epicondyle for the presence or absence of bony
spurring and or irregularity; (2) measure the maximal antero-
posterior thickness of the common extensor tendon; and (3)
assess the common extensor tendon for the presence or absence
of echogenicity changes—that is, changes in overall echogeni-
city, homogeneity, and the presence of a tendon tear. The grey
scale imaging was then followed by power Doppler imaging,
which was performed with a pulse repetition frequency of
1000 Hz, wall filter 75 Hz, colour gain of 86%, and light
external probe pressure (not to occlude delicate intra-tendon
neovessels). The common extensor tendon was assessed for the
presence of intra-tendon neovascularity, interpreted as present
when the neovessel diameter was .1 mm. A single frame in
which the maximal number of neovessels visible was recorded
and off-line analysis (utilising the ImageJ program, US National
Institutes of Health, Bethesda, Maryland, USA, http://rsb.info.
nih.gov/ij/, 1997–2007) was performed on this image to
quantify the overall area occupied by the sum of all neovessels
visible on the image as a neovascularity score. Intra-tendon
neovascularity was then described if present in the deep or
superficial part of the tendon. Affected patients without grey

scale or power Doppler ultrasonography changes of common
extensor tendinopathy were referred for further investigations
to consider other causes for lateral elbow pain.

Statistical methods
A number of contingency tables were constructed and included
the number of elbows that were either affected or unaffected as
determined by the reference standard and positive or negative as
determined by the ultrasound derived tests. There were separate
contingency tables for power Doppler identified neovascularisa-
tion, individual grey scale changes (echogenicity changes, bony
spurring or irregularity, or anteroposterior thickness side to side
difference of more than 10% as described by Connell et al5),
combined grey scale changes, and grey scale and power Doppler
changes combined. These contingency tables were then
analysed using InStat 3 for Macintosh (GraphPad Software
Inc, San Diego, California, USA) to derive point estimates of
accuracy (sensitivity, specificity, positive predictive value and
negative predictive value) and their 95% confidence intervals.
Likelihood ratios were then calculated from these estimates by
using the methods described previously.28 29

Simple t tests were used to assess differences (at 95%
confidence level) in baseline patient characteristics between
the tennis elbow group and the asymptomatic group. Pearson’s
correlation statistic was used to test the degree of relationships
between neovascularity score and the clinical measures of pain
and function VAS and pain free grip strength.

RESULTS

Participants
Thirty patients were referred (20 from general practitioners,
two from sports physicians, and eight self referred) to the study
over a 6 month period from January to June 2005. The flow of
participants through the study is shown in fig 1. Five patients
were excluded from the study, which left 25 participants (10
female) aged between 32–67 years (mean (SD) 50 (9) years)
with a mean duration of symptoms of 27 (38) months (range 3–
120 months) in the study. On average the patients had a mean
pain VAS of 61 (25.4) mm, function VAS of 55.4 (19.8) mm,
pain free grip strength of 120.3 (72.3) N and maximum grip
strength of 329.3 (88) N. Nineteen asymptomatic participants
(10 female) aged between 30–67 years (mean 45 (10)) were also
studied prospectively. In total, this amounted to 32 affected
elbows (that is, seven patients had bilateral tennis elbow) and
56 unaffected elbows. There were no significant differences in
patient characteristics and demographics between the two
groups (table 1).

Table 1 Participant characteristics and demographics

LE
(n = 25)

Control
(n = 19)

Age in years (mean (SD)) 50 (9) 45 (10)

Gender: female 10 10

Duration of symptoms in months (median (min to max)) 10 (3 to 120) NA

Dominant side affected 11 NA

Number with bilateral elbows affected 7 NA

LE, lateral elbow pain group.

Table 2 Number of affected and unaffected elbows with ultrasound
changes

Test

Affected (n = 32) Unaffected (n = 56)

Present
(%)

Absent
(%)

Present
(%)

Absent
(%)

Neovascularity 26 (81.3) 6 (18.8) 1 (1.8) 55 (98.2)

Grey scale changes 26 (81.3) 6 (18.8) 21 (37.5) 35 (62.5)

Neovascularity and/or grey scale
changes

31 (96.8) 1 (3.2) 22 (39.2) 34 (60.7)

Break down of grey scale changes

Echo changes 17 (53.1) 15 (46.9) 6 (10.7) 50 (89.3)

Bony spur 20 (62.5) 12 (37.5) 21 (37.5) 35 (62.5)

Thickness* 13 (72.2) 5 (27. 8) 9 (47.4) 10 (52.6)

*Side to side comparison in patients with unilateral symptoms. Affected n = 18,
unaffected n = 19.
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Test results and accuracy
For each participant the standard reference testing and
ultrasound examination was conducted within an hour of each
other. Data are presented as numbers and relevant proportions
(%) of cases that have ultrasound findings in table 2. Estimates
of diagnostic accuracy and their 95% confidence intervals are
shown in table 3. Both Doppler and grey scale measures were
sensitive when considered in isolation and when used together
(81–97%) but only neovascularisation was highly specific (98%).
These indices of accuracy were reflected in a high positive
likelihood ratio (45.39) for power Doppler and a low negative
likelihood ratio (0.05) for a combined power Doppler and grey
scale test.

With the exception of the specificity of echogenicity changes,
which was 89%, the estimates of diagnostic accuracy were poor
for separate grey scale measures (that is, 52–72%).

There was no difference in the distribution of neovessels
between the superficial (12 elbows) and deep portions (14
elbows) of the common extensor tendon. The mean (SD)
neovascularity score was 3.4 (3.9) mm2. The neovascularity
score and the clinical measures of tennis elbow (pain and
function VAS and grip strength) were not correlated (Pearson’s
r,0.2).

There were no reported adverse effects with ultrasound and
standard reference testing and no participant was lost to
testing.

DISCUSSION
The primary aim of this study was to evaluate the comparative
diagnostic accuracy of power Doppler and grey scale ultrasono-
graphy during a single real-time ultrasound session. On balance
our data show that power Doppler ultrasonography appears to
hold the highest diagnostic accuracy for chronic tennis elbow.
Power Doppler detected neovascularity reflects a conclusive
shift in probability for the diagnosis of chronic tennis elbow—
that is, finding neovascularisation in the common extensor
tendon substantially increases the pre-test probability of the
condition being present from a prevalence of 1.3% in the general
population1 to a post-test probability of 37.4%. Thirty-one of 32
affected elbows had grey scale changes and/or power Doppler
detected neovascularity. There was only one affected elbow
without grey scale changes or power Doppler detected
neovascularity. This patient subsequently had further radiolo-
gical investigations performed, which showed radio-capitellar
osteoarthritic changes as a cause for lateral elbow pain. This
reflects the finding of a very low negative likelihood ratio, which
shifts the post-test probability to 0.07% (from a prevalence of
1.3%)—that is, a negative finding on both power Doppler and

grey scale ultrasound will conclusively rule out tennis elbow as a
diagnosis, and should prompt the clinician to perform further
investigations.

Changes on both grey scale and power Doppler ultrasono-
graphy combined were most sensitive (97%), and power
Doppler alone was most specific (98%) for the diagnosis of
tennis elbow. No previous studies have reported the diagnostic
accuracy for both grey scale and power Doppler in patients with
clinically determined tennis elbow. However, several have
reported findings in either Doppler or grey scale ultrasonogra-
phy.7 8 15 Our results for power Doppler sensitivity (table 3) is
slightly lower than the previously reported sensitivity of 95%
for this condition, but specificity was comparable to previous
data.15 Grey scale ultrasound accuracy in the current study
(sensitivity 81%, specificity 63%) is comparable to previously
reported sensitivities and specificities: 72–88% and 36–100%,
respectively.7 8

A secondary aim of this study was to evaluate the diagnostic
accuracy of grey scale ultrasonography, both in terms of
individual findings (lateral epicondyle bony spurring or irregu-
larity, maximum anterior–posterior thickness, and echo char-
acteristics) and combined findings. Grey scale changes in
isolation showed moderate diagnostic accuracy with sensitivity
ranging from 53% for echogenicity changes to 72% for side-to-
side difference in tendon thickness (.10% difference).
Specificity ranged from 52% for tendon thickness differences
to 89% for echogenicity. Sensitivity increased to 81% when grey
scale changes were considered in combination, but specificity
remained at a moderate 63%.

In keeping with similar studies on Achilles and patellar
tendinopathy,30 31) we did not find a correlation between pain
severity (as indicated by pain and function VAS and grip
strength) and the amount of neovascularity as opposed to the
presence of neovessels.

Interestingly, we identified a small subgroup of patients (five)
with neovessels in the presence of no structural changes, which
has not been reported elsewhere. In seeking to explain this novel
finding we feel that consideration needs to be given to the fact
that our paper is the first to report findings from power Doppler
in tennis elbow, and that the underlying pathological processes
for neovessels and structural changes are likely different and
possibly independent in some patients. This subgroup requires
further study in order to understand the underlying pathology
in tennis elbow better.

A limitation of this study is that we only had one
ultrasonographer to report on the ultrasound changes, and
that while he was blinded to the clinical examination findings
he was not blinded to the symptomatic elbows. Because
the identification of the neovessels with power Doppler

Table 3 Diagnostic accuracy indices expressed as percentages (95% confidence intervals) for the findings present on ultrasound examination with
and without power Doppler study

Present Sensitivity Specificity PPV NPV
Positive
LR

Negative
LR

Neovascularity 81 (60 to 90) 98 (90 to 100) 96 (60 to 90) 90 (80 to 100) 45.39* 0.19

Grey scale changes 81 (60 to 90) 63 (50 to 80) 55 (40 to 70) 85 (70 to 90) 2.17 0.30

Neovascularity and/or grey scale changes 97 (80 to 100) 61 (50 to 70) 58 (40 to 70) 97 (90 to 100) 2.47 0.05*

Break down of grey scale changes

Echo changes 53 (30 to 70) 89 (80 to 100) 74 (50 to 90) 77 (60 to 90) 4.96 0.53

Bony spur 63 (40 to 80) 63 (50 to 80) 49 (30 to 60) 75 (60 to 90) 1.67 0.60

Tendon thickness{ 72 (50 to 90) 52 (30 to 80) 59 (40 to 90) 67 (40 to 90) 1.53 0.53

LR, likelihood ratio; NPV, negative predictive value, PPV, positive predictive value.
*Generates large and often conclusive shifts in probability.28

{10% difference in thickness between affected and unaffected side.
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ultrasonography can only be assessed during real time ultra-
sound and that this study was conducted under regular clinical
conditions (that is, suburban radiography clinic with only one
ultrasonographer on duty), it was practically difficult to
evaluate inter-rater reliability of this measure, which is a
consideration that the reader needs to make on interpreting our
findings.

In our study only power Doppler ultrasonography was used
because it is our opinion that power Doppler displays
vascularity better in low flow states such as in common
extensor tendinopathy at the lateral epicondyle, but this
requires further investigation. Notwithstanding this, others
have reported equal diagnostic accuracy of colour and power
Doppler ultrasonography, but that was in painful Achilles
tendinopathy.12

Conclusions
Our study found excellent diagnostic accuracy of power
Doppler ultrasonography for ruling in cases with lateral elbow
pain, whereas the absence of tendon neovascularity and grey
scale ultrasound changes should raise the question of an
alternative cause for lateral elbow pain than extensor tendino-
pathy.
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What this study adds

c Power Doppler ultrasonography has superior diagnostic
accuracy for identifying cases of tennis elbow.

c Ruling out tennis elbow is best accomplished with combined
power Doppler and grey scale ultrasonography.

c Intra-tendon neovascularity occurs with painful tennis elbow,
but clinical severity measures do not correlate with the
amount of neovascularity.

What is already known on this topic

c Neovascularity is associated with pain in tennis elbow (as well
as Achilles and patellar tendinopathy).

c Colour Doppler ultrasonography has high diagnostic accuracy
in tennis elbow.

c Grey scale changes have variable accuracy levels.
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