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L ateral elbow tendinopathy (LET) is a clinical entity known as “ten-
nis elbow,” which presents with pain due to the overuse of the 
common extensor tendon (CET). LET has mistakenly been referred 

to as lateral epicondylitis (1). LET diagnosis is often made by physical 
examination on a clinical basis, and imaging is rarely needed; however, 
in cases where conservative treatment methods fail due to the advanced 
disease stage or the presence of additional pathologies, imaging may be 
needed to assess the level of impairment, plan treatment strategies, or 
guide surgery (2).  

Ultrasonography (US) is a valuable imaging method in LET. Gray-scale 
US and Doppler findings in LET have been previously described in de-
tail (1–7). Some authors have argued for the diagnostic value of tendon 
thickness and area at the capitellar region over quantitative methods of 
diagnosis (5, 7). Yet, there are controversial topics related to the diag-
nosis of LET, such as the presence of asymptomatic patients despite US 
findings of tendinosis (hypoechogenicity heterogeneity) (1, 4, 8). This 
decreases the specificity of qualitative US findings. Another controver-
sial topic is the claim that the addition of Doppler findings increases 
the accuracy of diagnosis in chronic LET (4). Unfortunately, neovascu-
larization, as identified by previous studies, is not a common finding in 
chronic tendinopathies (5) but is often reported in acute cases (9, 10). 
Finally, in a study that measured the capitellar tendon thickness/area, 
thickness/area and specificity increased, but sensitivity decreased (7). 
This suggests that a potential increase in false-negative cases is possible. 
Thus, in cases in which increased tendon thickness is not sufficient for 
assessment, the measurement of capitellar tendon thickness may not 
be of value. Therefore new criteria are needed to increase the accuracy 
of US. In light of the above-mentioned concerns, we aimed to study 
the overall combined accuracy and diagnostic value of qualitative US 
findings combined with capitellar and radiocapitellar tendon-thickness 
measurements in LET.

Material and methods
Written consent was obtained from all patients, and the study was ap-

proved by the Institutional Review Board. The group of patients with LET 
(the study group) was assessed by a doctor qualified in physical treatment 
and rehabilitation. Pathologies such as entrapment of the radiocapitel-
lar joint, intra-articular body, and posterior rotator disability that were 
included in the differential diagnosis of LET were ruled out. Clinical di-
agnosis of LET was regarded as the reference standard (11). Tenderness 
on the lateral epicondyle, pain aggravation by extension, and radial de-
viation of the wrist were considered positive for LET. Those who had re-
ceived steroid injections within three weeks prior to the study, and those 
with surgery or acute trauma were excluded from the study (12). 
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PURPOSE
The aim of this study was to determine the value of measuring 
common extensor tendon (CET) thickness at the radiocapitel-
lar and capitellar regions with qualitative ultrasonographic 
findings in the diagnosis of lateral elbow tendinopathy.

MATERIALS AND METHODS
The study included 164 lateral elbow tendinopathy patients 
(84 bilateral, 80 unilateral) matched by age, gender, and 
body mass index with 80 normal subjects. CET was examined 
using gray-scale and Doppler ultrasonography for tendinopa-
thy, and tendon thickness was measured at two landmark lo-
cations: capitellar and radiocapitellar.

RESULTS
In tendinopathy, tendon thickness including the dominant 
capitellar region, increased in every measured location. In the 
capitellar region of the dominant elbow, the cut-off thickness 
was 5.15 mm, and in the radiocapitellar region, this value 
was 4.05 mm. For the non-dominant elbow, the cut-off thick-
ness was 4.61 mm, whereas in the radiocapitellar region, this 
value was 3.51 mm. The greatest risk of tendinopathy was at 
the radiocapitellar region on the dominant side. The overall 
sensitivity and specificity of gray-scale findings were 54% and 
88%, respectively, and the addition of Doppler readings did 
not alter these values. When capitellar measurements were 
added, the values increased to 79% and 80% for sensitivity 
and specificity, respectively. These values further increased to 
93% and 91%, respectively, when radiocapitellar measure-
ments were included.

CONCLUSION
A second tendon thickness measurement at the radiocapitel-
lar region of CET in addition to the capitellar region is rec-
ommended on the grounds that combined qualitative and 
quantitative evaluation of CET increases the diagnostic per-
formance of ultrasonography in lateral elbow tendinopathy.
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Ultrasonography
US examination (General Electric 

Medical Systems, Milwaukee, 
Wisconsin, USA) was performed on 
the same day as the physical exami-
nation with linear 12-MHz (10–14 
MHz) probes in real time. A standard 
technique outlined by the European 
Society of Musculoskeletal Radiology 
US Subcommittee was followed for all 
elbow testing (13). Briefly, the lateral 
aspect of the elbow is examined with 
both elbows in extension, thumbs up, 
palms of the hands together or with 
the elbow in flexion. The CET is visual-
ized along its long axis based on coro-
nal planes, with the cranial edge of the 
probe placed on the lateral epicondyle. 
Studies were performed by a radiologist 

with five years of experience in muscu-
loskeletal US imaging. 

Tendon hyper/hypoechogenicity 
was considered as tendinosis, and loss 
of fibrillary continuity as a tear (if with-
in the tendon, as intrasubstantial), and 
echogenicity with acoustic shadow-
ing within the tendon was referred to 
as calcification. Enthesophytes within 
the region of the tendon insertion and 
any irregularities of the bony surface 
were regarded as bony degeneration, 
and the presence of fluid along the ten-
don was regarded as effusion. Power 
Doppler was utilized for Doppler exam-
inations. New vessel formation thicker 
than 1 mm within or near the CET was 
accepted as neovascularization. 

CET was imaged in the long axis and 
angled so that the entire tendon length 
was optimally visualized. Care was tak-
en to avoid probe compression during 
all measurements so as to not interfere 
with measurements of tendon thick-
ness. CET thickness measurements 
were made at two locations: the deep-
est point of the capitellum (called the 
capitellar part) and the mid-point of 
the radiocapitellar joint (referred to as 
the radiocapitellar part) (Figs. 1 and 2).  

Statistical analysis
Data analysis was carried out us-

ing a commercially available software 
(Statistical Package for Social Sciences, 
SPSS Inc., Chicago, Illinois, USA). If 
the distribution was normal within 
the groups, a t test was used. If the dis-
tribution was not normal, the Mann-
Whitney U test was used. Comparisons 
between groups on categorical vari-
ables were made using the chi-square 
test. The Spearman correlation test 
was used to determine whether the 
relationship between two continu-
ous variables was statistically signifi-
cant. To calculate the cut-off value 
discriminating normal from abnormal 
tendon thickness, the area under the 
receiver operating characteristic curve 
was used. Depending on the cut-off 
value differentiating the normal from 
the abnormal tendon thicknesses, the 
odds ratio (OR) was calculated for ten-
dinosis. Analysis of variance was used 
to determine whether the differences 
at the two measurement locations dif-
fered from each other. The Wilcoxon 
signed-rank test was employed to study 
the differences in thicknesses between 
the dominant and non-dominant 
sides. To include clinical diagnosis as a 

The control group was formed from 
volunteers who worked in the hospital 
and who had no elbow complaints, 
history of trauma, inflammatory ar-
thritis, or abnormality related to the 
elbow. 

The study included 164 patients (84 
bilateral, 80 unilateral). A total of 104 
non-dominant, and 144 dominant el-
bows were examined. Fifty females and 
34 males were examined bilaterally, 
and 60 females and 20 males received 
unilateral examination. Elbows not ex-
amined were not included in the study.

The control group consisted of 80 
people (50 females and 30 males), all 
of whom were examined bilaterally. 
Elbow dominance was indicated dur-
ing the examination. 

Figure 1. Longitudinal appearance of the common extensor tendon. Localizations of capitellar 
(single arrows) and radiocapitellar (double arrows) measurement regions are seen.  

Figure 2. 
Measurement 
regions of an 
involved tendon 
(single arrows, 
capitellar; 
double arrows, 
radiocapitellar). 
Irregularity 
of the bony 
surface (arrows), 
swelling, 
and focal 
hypoechoic 
areas in the 
adjacent tendon 
are visible.
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reference, for each US finding, the sen-
sitivity, specificity, and accuracy were 
calculated. Sensitivity and specificity 
values were determined using the 2×2 
table. The confidence interval (CI) was 
95%, and P < 0.05 was considered sta-
tistically significant. 

Results
The patients and the control group 

were matched based on age and gen-
der. The mean age of the control group 
was 39 years (range, 17–71 years), and 
the mean age of the study group was 
43 years (range, 19–66 years). Tendon 
thickness in the study group was in-
creased bilaterally at both measure-
ment points on each side. The increase 
was more pronounced on the domi-
nant side and in the capitellar region 
(Table 1). In the control group, tendon 
thickness was greater on the domi-
nant side in both locations (P < 0.001). 
In the dominant elbow, the tendon 
thickness increased with body mass 

index (BMI) (P < 0.001), whereas thick-
ness on the non-dominant side was 
not related to BMI (P = 0.018 for capi-
tellar region; P = 0.032 for radiocapi-
tellar region; P > 0.25 with Bonferroni 
correction), suggesting that the domi-
nant side was affected by body shape, 
height, and BMI. 

Cut-off values and ORs were calcu-
lated for each measurement location 
to differentiate tendinopathy from 
normal tendon. In the capitellar regi-
on of the dominant elbow, the cut-off 
thickness  was 5.15 mm (OR=3.844, 
95% CI=1.78–8.31); in the radiocapi-
tellar region this value was 4.05 mm 
(OR=4.783, 95% CI=1.79–12.76). In the 
capitellar region of the non-dominant 
elbow, the cut-off thickness was 4.61 
mm (OR=2.140, 95% CI=1.00–4.54), 
whereas in the radiocapitellar region, 
this value was 3.51 mm (OR=2.200, 
95% CI=1.05–4.65). The greatest risk 
was in the radiocapitellar region of the 
dominant side. 

Tears, effusions, and neovasculariza-
tion were detected in 35%, 27%, and 
19% of the involved elbows, respective-
ly, with 100% specificity. Tendinosis, 
bony degeneration, and tendon calcifi-
cation were detected in both involved 
and non-involved elbows, whereas 
tendinosis was detected in 12% of 
the non-involved and 54% of the in-
volved elbows. Bony degeneration was 
detected in 9% of the non-involved 
and 55% of the involved elbows, and 
tendon calcification in 1% of the non-
involved and 31% of involved elbows. 

In Table 2, the qualitative and quan-
titative US findings and their diagnos-
tic values are presented. Gray-scale 
findings alone had 54% sensitivity, 
88% specificity, and 73% accuracy. 
Despite Doppler findings of 100% 
specificity, their sensitivity value was 
so low (19%) that their combination 
with gray-scale findings did not in-
crease the overall diagnostic perfor-
mance compared with gray-scale find-
ings alone. There was only a negligible 
increase in accuracy values only; com-
bined gray-scale and Doppler showed 
sensitivity of 54%, specificity of 88%, 
and accuracy of 72%. 

Thickness measurements alone were 
not as accurate as the gray-scale US 
exam. Accuracy for capitellar region 
thickness was 67%, whereas accuracy 
for radiocapitellar thickness was 63%, 
compared to an accuracy of 70% with 
gray-scale findings. However, when 
thickness measurements were com-
bined with gray-scale and Doppler 
findings, the overall sensitivity, speci-
ficity, and accuracy of the examina-
tion increased considerably. The addi-
tion of capitellar measurement alone 
increased the sensitivity, specificity, 
and accuracy to 79%, 80%, and 80%, 
respectively. When all measures were 
combined, the overall sensitivity, spec-
ificity, and accuracy values were 93%, 
91%, and 92%, respectively. 

Discussion
Although clinical findings are still 

considered the gold standard in LET, 
US has gained ground in the diagnosis 
and follow-up (1–7). However, because 
of high rates of false positives and neg-
atives, US lags behind the clinical find-
ings in the diagnosis of LET. 

The first problem raised by US is the 
presence of hypoechogenicity and het-
erogeneity in the tendon, which imply 
tendinosis in a robust tendon (1, 4, 8). 

Table 1. Tendon thicknesses (mean±standard deviation) in the dominant and non-dominant 
sides of non-involved and involved participants

Capitellar tendon 
thickness (mm)

Radiocapitellar tendon 
thickness (mm)

Non-involved 
participants

Involved 
participants

Non-involved 
participants

Involved 
participants

Non-dominant side 4.23±0.66
(n=80)

4.58±0.77
(n=104)

3.24±0.44
(n=80)

3.51±0.53
(n=104)

P 0.014 0.009

Dominant side 4.57±0.63
(n=80)

5.13±0.10
(n=144)

3.53±0.43
(n=80)

3.91±0.65
(n=144)

P 0.001 0.001

Table 2. Diagnostic performances of qualitative and quantitative US findings alone and in 
combination

Sensitivity Specificity Accuracy

Qualitative methods

Gray-scale changes 54% 88% 72%

Doppler changes (neovascularization) 19% 100% 62%

Gray-scale+Doppler changes 54% 88% 72%

Quantitative methods

Capitellar thickness measurement 52% 80% 67%

Radiocapitellar thickness measurement 38% 85% 63%

Overall methods

All qualitative methods+capitellar measurement 79% 80% 80%

All qualitative+quantitative methods 93% 91% 92%
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Thus, in the present study and in the 
study by du Toit et al., (4) the presence 
of findings suggestive of tendinosis 
were noted in 12% and 10.7% of non-
involved tendons, respectively. Bone 
degeneration was noted in 9% of non-
involved tendons, and calcification was 
seen in 1%. Consistent with other stud-
ies, tears, effusions, and neovasculariza-
tion were detected in a small number 
of involved tendons (4, 7). Therefore, 
the performance of gray-scale US find-
ings do not provide the overall pathol-
ogy picture. The sensitivity and specifi-
city of overall gray-scale US findings in 
this study and in the studies by du Toit 
et al. (4) and Lee at al. (7) were 54% 
and 88%, 81% and 63%, and 76.5% 
and 76.2%, respectively, suggesting 
that neither sensitivity nor specificity 
is entirely satisfactory in terms of the 
diagnosis and usefulness in planning 
intervention. 

Gray-scale findings are important for 
practical decision making. Although 
LET is a clinical entity, US can confirm 
a diagnosis, reveal the extent and se-
verity of the disease, identify associat-
ed abnormalities, and aid in preopera-
tive planning. The detection of partial-
complete tears or complications may 
change the management protocols and 
may encourage the physician to direct 
the patient from conservative treat-
ment to interventional approaches, 
such as surgery and medication, as this 
type of injury will likely respond favo-
rably to aggressive approaches (12). 

One previously mentioned problem 
with this analysis is the suggestion 
that including Doppler findings can 
improve the accuracy rates of the ex-
amination (4). Neovascularity was not 
a common finding in LET, which is it-
self a chronic tendinopathy (5). In our 
study, neovascularization was detected 
in only 19% of LET cases. Further, ne-
ovascularization was reported to be a 
finding of acute, rather than chronic 
tendinopathy (9, 10). In the present 
study and in the study by du Toit et 
al., (4) the sensitivity and specificity of 
Doppler examinations were 19%–100% 
and 81%–98%, respectively (4). The ad-
dition of gray-scale Doppler findings in 
the study by du Toit et al. (4) increased 
the sensitivity to 97% and decreased 
the specificity to 63%. Interestingly, 
in the present study, the addition of 
Doppler findings to the gray-scale 
findings did not change the overall 
sensitivity or specificity. Therefore, the 

inclusion of Doppler findings to the US 
exam may not be needed. 

Some quantitative evaluation meth-
ods, such as the measurement of 
thickness and area, were attempted 
in an effort to enhance the diagnostic 
accuracy of US in LET because of the 
inadequacy of qualitative US criteria 
(4, 5, 7). Jaén-Díaz et al. (5) did not 
evaluate the diagnostic accuracy of the 
thickness measurements. Lee et al. (7) 
and du Toit et al. (4) made measure-
ments form the capitellar region only. 
In the study by du Toit et al., (4) when 
tendon thickness measurements were 
included with gray-scale findings, the 
sensitivity and specificity were 72% 
and 52%, respectively; however, sen-
sitivity and specificity for the thick-
ness measurements alone were not 
calculated. In the study by Lee at al., 
(7) if the area of the tendon was larg-
er than 35 mm2 and if thickness was 
greater than 4.5 mm, the sensitivity 
and specificity were 76.5% and 88.9%, 
and 62.75% and 98.41%, respectively. 
As thickness or area increased, the 
specificity increased and sensitivity 
decreased. Therefore, tendinopathies 
having an insufficient increase in ten-
don thickness could be missed, result-
ing in increased false-negative find-
ings. In that study, the inputs of quali-
tative and quantitative methods were 
presented separately, but the overall 
contributions of each to the diagnosis 
were not explained (7). In the present 
study, however, the sensitivity and 
specificity of both capitellar and radio-
capitellar measurements were calcu-
lated, and their impact on qualitative 
methods were calculated separately. 
The sensitivity of these measurements 
on their own was low (capitellar 52%, 
radiocapitellar 38%). If only capitellar 
measurements were added to the qual-
itative methods, the sensitivity and 
specificity increased from 54% and 
88% to 79% and 80%, respectively, 
which is consistent with Lee et al. (7) 
and du Toit et al. (4). Similarly, if ra-
diocapitellar measurements were add-
ed, the sensitivity and specificity in-
creased further to 93% and 91%. Thus, 
the addition of two measurements to 
qualitative findings consistently leads 
to better results than the addition of 
only one.

Sonoelastographic examinations of 
elbows with LET were reported, and 
the sensitivity, specificity, and ac-
curacy were 100%, 89%, and 89%, 

respectively (14). The diagnostic ac-
curacy of that research was similar to 
that of the present study. Furthermore, 
elastography is expensive and not as 
widespread or conventional as US, and 
the standards are not yet as well estab-
lished. Therefore, at present, the use of 
elastography in the diagnosis of LET is 
not indicated. 

Our study was not without limita-
tions. The use of clinical diagnosis 
of LET is one of these limitations. 
However, the diagnosis of LET is com-
monly made on clinical grounds, 
and all previous studies have used 
clinical diagnosis as references (1–7). 
Radiologists may fall into subjectiv-
ity on US analyses, and the addition 
of inter-reader comparisons may have 
been useful. However, inter-reader 
comparisons on thickness measure-
ments were reported to be satisfactory 
in the study by Lee at al. (7); therefore 
single measurement was considered 
sufficient.

As a conclusion, during the evalu-
ation of LET with US, the addition of 
tendon thickness measurements at the 
capitellar and radiocapitellar regions 
to gray-scale findings is recommended, 
given the resulting increase in over-
all diagnostic performance. Increased 
thickness correlates with changes in 
tendinosis, and increased thickness in 
the dominant arm has more diagnostic 
validity. Care should be taken to detect 
gray-scale findings in complications 
of LET, such as tears and effusions, as 
these findings may alter the treatment 
protocol. 
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