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Background: The clinical diagnosis of partial distal biceps tendon ruptures or tendinosis can be challenging. Three clinical tests have
been described to aid in an accurate and timely diagnosis: biceps provocation test, tilt sign, and resisted hook test. However, not much is
known about the sensitivity, specificity, and inter-rater reliability as the available evaluations are based on small groups or are case
based. Furthermore, these tests have not been compared together in the same patient group.

Methods: Two dedicated elbow surgeons each included 20 consecutive patients in whom distal biceps tendon pathology was suspected.
Patients with a complete distal biceps tendon tear were excluded. As a control, the same number of consecutive patients with various
elbow pathologies other than distal biceps tendon problems was included. All 3 tests were performed both in control patients and in
patients with suspected biceps tendon pathology. Magnetic resonance imaging (MRI) in the flexion-abduction-supination view and/or
surgical exploration was performed in both groups. The findings of the clinical tests were determined before the results of MRI and
other technical investigations were analyzed. The values of sensitivity, specificity, and accuracy were calculated.

Results: The combined sensitivity, specificity, and accuracy values for the biceps provocation test were 95%, 97%, and 96%, respec-
tively. For the resisted hook test, the combined values were 78%, 76%, and 77%, respectively. The combined values for the tilt sign were
58%, 55%, and 56%, respectively. When the biceps provocation test and the resisted hook test were combined in a parallel testing setup,
the sensitivity increased to 98% whereas the specificity was 73%. The sensitivity and specificity of the biceps provocation test and the
tilt sign in a parallel testing setup were 97% and 53%, respectively. Finally, the sensitivity and specificity of the tilt sign and the resisted
hook test in a parallel testing setup were 90% and 41%, respectively.

Conclusions: The biceps provocation test yielded higher accuracy than the resisted hook test and the tilt sign. When the biceps prov-
ocation test and the resisted hook test were combined, the sensitivity increased to 98%. We advise integration of these tests in daily
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practice to minimize delays in the diagnosis of partial distal biceps tendon ruptures, distal biceps tendon bursitis, or tendinosis. MRI in
the flexion-abduction-supination view is still advised to distinguish between a partial biceps tendon rupture and tendinosis or bursitis at
the distal biceps tendon insertion as this may influence further treatment.

Level of evidence: Level IV; Case-Control Design; Diagnostic Study
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Unlike the diagnosis of complete distal biceps tendon
ruptures,”® the clinical diagnosis of partial distal biceps
tendon tears, tendinosis, or bicipital bursitis remains diffi-
cult. The findings of both the clinical examination and
advanced imaging are less conclusive. Patients often
complain of pain in the antecubital region, exacerbated
with activity. Biceps strength is usually well maintained,
and the results of resistance tests may be negative. Mag-
netic resonance imaging (MRI) is often used.” It is rec-
ommended to use the flexion-abduction-supination (FABS)
view"" to better detect distal biceps tendon pathology.
Schenkels et al® reported sensitivity values of 76% for
standard MRI and 84% for the FABS view.’ The absence of
specific and sensitive clinical tests for the aforementioned
pathologies may lead to a delay in diagnosis—or the
diagnosis may be missed altogether. In recent years, 3
different clinical tests, the biceps provocation test, the tilt
sign, and the resisted hook test,""”” have been proposed to
aid in an accurate and timely diagnosis. However, not much
is known about the sensitivity, specificity, and inter-rater
reliability as the available evidence is based on small
groups or is only case based. Furthermore, these tests have
not been compared together in the same patient group.

The purpose of this study was to review the sensitivity,
specificity, and accuracy of 3 clinical tests for partial distal
biceps tendon ruptures, tendinosis, or bicipital bursitis.

Material and methods
Clinical tests

Three clinical tests were included in this study. The biceps
provocation test' and the tilt sign’ were published in 2021 and
2018, respectively. The resisted hook test was first published in
2019 as an aid to examine biceps tendon integrity after biceps
tendon repair.” It was published in 2020 as an aid to diagnose
partial biceps tendon pathology.’

The biceps provocation test (Antwerp biceps test [ABT]),
published in 2021, is a 2-part test (Fig. 1). The patient is standing
with the elbow supported by the examiner and flexed to 70°. The
examiner’s hand is placed on the patient’s forearm, with the ex-
aminer’s other hand supporting the elbow, and the patient is asked
to flex the elbow against resistance with the forearm supinated
(ABT-S). Care is taken to avoid placement of the examiner’s
hands on the patient’s hand or wrist as resisted wrist flexion or
extension will elicit pain when other elbow pathologies are present

(Fig. 1, A). The forearm is then pronated, and the test is repeated
(ABT-P) (Fig. 1, B). Pain is documented for both positions (ABT-
S and ABT-P) using a visual analog scale from O to 10. The test
result is positive when the patient reports an increase in pain with
the ABT-P position when compared with the ABT-S position.
Patients usually also indicate a decrease in strength due to pain
inhibition.'

For the tilt sign, the patient’s forearm is passively supinated
and pronated with the elbow flexed to 90° while the examiner
firmly palpates the dorsal forearm, overlying the radial tuberosity.
The tuberosity presents itself beneath the examining fingers with
full pronation of the forearm. A positive test result is indicated by
tenderness over the radial (or lateral) aspect of the tuberosity (tilt
sign) only in full forearm pronation and not in supination.’

The resisted hook test was first published in 2019 to examine
biceps tendon integrity after biceps tendon repair’; in 2020, it was
published as a test to diagnose partial biceps tendon ruptures.’ The
test is performed by positioning the shoulder in horizontal
abduction with the elbow at 90° and the forearm supinated. The
biceps tendon is “hooked” on the radial side of the tendon, by the
examiner’s index finger, and the patient is instructed to resist a
pronation torque applied by the examiner. The test result is pos-
itive if this maneuver is painful.

Evaluation of tests

All tests were performed by 2 dedicated elbow surgeons in 2
participating centers: Ziekenhuis Oost-Limburg, Genk, Belgium
(center 1), and AZ Monica, Antwerp, Belgium (center 2). Each of
the participating centers included all consecutive patients in whom
distal biceps tendon pathology, such as a partial tear, tendinosis, or
bicipital bursitis, was suspected. Patients with a complete distal
biceps tendon tear were excluded. As a control, the same number
of consecutive patients with various elbow pathologies other than
distal biceps tendon problems was also included. All elbow pa-
thologies were noted. All 3 tests were performed both in control
patients and in patients with suspected biceps tendon pathology.
FABS-view MRI and/or surgical exploration was performed in the
group of patients with suspected biceps tendon pathology to
confirm or rule out distal biceps tendon pathology. FABS-view
MRI was performed in the control group. The findings of the
clinical tests were determined before the results of MRI, surgery,
or other technical investigations were analyzed.

The results were statistically analyzed using SPSS software
(IBM, Armonk, NY, USA). Comparisons of the tests for each
participating center were performed using the ¢ test, and the sig-
nificance level was set at .05. The values of sensitivity, specificity,
and accuracy were calculated. In addition, sensitivity and speci-
ficity were calculated for the combination of 2 tests in a parallel
testing setup.
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Figure 1  The Antwerp biceps test is a 2-part test. (A) The patient is standing, with the elbow supported by the examiner and flexed to 70°.
The examiner’s hand is placed on the patient’s forearm, with the examiner’s other hand supporting the elbow, and the patient is asked to flex
the elbow against resistance with the forearm supinated. (© MoRe Foundation.) (B) The forearm is then pronated, and the test is repeated.
Care is taken to avoid placement of the examiner’s hands on the patient’s hand or wrist as resisted wrist flexion or extension might elicit
pain when other elbow pathologies are present. (© MoRe Foundation.)

Results There were 37 male and 3 female patients. The dominant
arm was involved in 19 patients. In the control group, the
Separate outcomes for each center are given in Table 1. All average age was 44 years (range, 22-72 years). There were

of the results presented in this section were calculated 34 male and 6 female patients. The dominant arm was
across both centers. The average age in the distal biceps }nvolved' in 26 patients. There were no statistically signif-
tendon pathology group was 47 years (range, 35-67 years). icant differences between the biceps group and the

Table I Demographic characteristics and outcomes separated by participating center
Center 1 Center 2

Biceps group Control group Biceps group Control group
(n = 20) (n = 20) (n = 20) (n = 20)

Mean age (range), yr 47 (35-67) 45 (22-72) 46 (35-61) 42 (22-63)
Male sex, n 17 20 20 14
MRI diagnosis, n
Partial tear 9 5
Tendinosis 11 15
Lateral epicondylitis 11 12
Posterolateral instability 1
Synovitis 3
PIN compression 1 6
Symptomatic plica 5 1
Biceps provocation test, %
Sensitivity 100 95
Specificity 95 95
Accuracy 97.50 95
Tilt sign, %
Sensitivity 55 35
Specificity 77 65
Accuracy 62.50 55
Resisted hook test, %
Sensitivity 85 65
Specificity 95 65
Accuracy 90 65

MRI, magnetic resonance imaging; PIN, posterior interosseous nerve.
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non-biceps group with respect to age, sex, and involvement
of the dominant elbow (P = .7, P = .2, and P = .1,
respectively).

In the biceps group, 14 of 40 patients (35%) had a partial
distal biceps tendon rupture that was confirmed on FABS-
view MRI. In the remaining 26 patients (65%), FABS-view
MRI showed tendinosis or bursitis without partial tearing.

In the control group, diagnoses were made by clinical
examination and confirmed by FABS-view MRI. Specific
attention was paid to rule out distal biceps tendon pathol-
ogy on the images. Of 40 patients, 23 (57%) received a
diagnosis of lateral epicondylitis. Posterior interosseous
nerve compression was noted in 1 case (2.5%), a symp-
tomatic radiohumeral plica was noted in 11 (28%), intra-
articular elbow synovitis was diagnosed in 4 (10%), and
posterolateral instability was diagnosed in 1 (2.5%).

The ABT results were positive in 39 patients with distal
biceps tendon pathology and negative in 1. The results of
the tilt sign were positive in 18 patients and negative in 22.
The resisted hook test showed a positive result in 30 pa-
tients and a negative result in 10.

In the control group, 38 patients had negative ABT
findings and 2 patients had positive ABT findings. The tilt
sign showed a positive result in 13 patients and a negative
result in 27. The results of the resisted hook test were
negative in 32 patients and positive in 8.

The combined sensitivity, specificity, and accuracy
values for the ABT were 95%, 97%, and 96%, respectively.
For the resisted hook test, the combined sensitivity, speci-
ficity, and accuracy values were 78%, 76%, and 77%,
respectively. The combined sensitivity, specificity, and ac-
curacy values for the tilt sign were 58%, 55%, and 56%,
respectively.

When the ABT and the resisted hook test were combined
in a parallel testing setup, the sensitivity increased to 98%
whereas the specificity was 73%. The sensitivity and
specificity of the ABT and the tilt sign in a parallel testing
setup were 97% and 53%, respectively. Finally, the sensi-
tivity and specificity of the tilt sign and the resisted hook
test in a parallel testing setup were 90% and 41%,
respectively.

Discussion

Clinical examination is usually sufficient to confidently
diagnose complete distal biceps ruptures. Various clinical
tests, such as the hook test, the biceps crease interval test,
and the biceps squeeze test, yield very high sensitivity and
specificity values (up to 100% sensitivity and specificity).'

Until recently, no clear clinical tests were available to
diagnose partial distal biceps tendon ruptures, distal biceps

tendon bursitis, or tendinosis. As technical investigation is
usually requested based on the patient’s history and clinical
suspicion, a significant delay in diagnosis or even a missed
diagnosis of distal biceps tendon pathology regularly
occurs.

Three different clinical tests have been described in the
past 3 years: the biceps provocation test, the tilt sign, and
the resisted hook test."”*” These may aid in a timely and
accurate diagnosis of partial distal biceps ruptures, bicipital
bursitis, or tendinosis. The sensitivity, specificity, and ac-
curacy values for the ABT were 95%, 97%, and 96%,
respectively. For the resisted hook test, these values were
78%, 76%, and 77%, respectively. For the tilt sign, these
values were 58%, 55%, and 56%, respectively. In the
original article, the results of the tilt sign were positive in
all 3 patients included.” There was no control group, and
sensitivity and specificity were not reported.

Both the biceps provocation test and the resisted hook
test rely on impingement of the inflamed, thickened, or
ruptured tissue between the tendon and the radius. This
tissue is compressed onto the radius with pronation.
Tensioning the tendon by flexion against resistance or
additionally hooking the tendon will then cause pain. The
tilt sign relies on the digital compression of inflamed,
thickened, or ruptured tissue onto the radius in pronation.
We believe that the inferior results of this test may be the
result of failure to identify the correct location of the tu-
berosity in patients with biceps pathology. Furthermore, the
overlying muscles will decrease the compressive effect
onto the tuberosity, and compressing the overlying struc-
tures in patients with, for example, lateral epicondylitis or
radial tunnel syndrome may result in a false-positive test
result. Of note, false-positive results for the tilt sign
occurred only in patients with lateral epicondylitis.

When the biceps provocation test and the resisted hook
test were combined in a parallel test setup, the sensitivity
increased to 98%. In a parallel test setup, if the result of
either test is positive, then the patient is considered to have
a positive finding. However, although this increases sensi-
tivity, it lowers specificity, potentially leading to an in-
crease in false-positive findings. In our case, the combined
specificity value was 73%. When compared with MRI, both
sensitivity and specificity are higher for the biceps provo-
cation test and similar for the resisted hook test.” Although
these tests may therefore be performed independently of
MRI, we still suggest performing FABS-view MRI to
improve specificity and to quantify the severity of the pa-
thology, as well as the quality of the tendon, as this might
alter further treatment.

There are some limitations to this study. First, the cohort
is relatively small. Second, in the control group, the ma-
jority of patients had medial or lateral epicondylitis. A
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concern might be that the examiner was biased. However,
we performed the clinical examination starting with the 3
clinical tests and without taking the patients’ history.

Therefore, we believe such bias was minimized.

Conclusion

The biceps provocation test yielded higher accuracy than
the resisted hook test and the tilt sign. When the biceps
provocation test and the resisted hook test were com-
bined, the sensitivity increased to 98%. We advise
integration of these tests in daily practice to minimize
delays in the diagnosis of partial distal biceps tendon
ruptures, distal biceps tendon bursitis, or tendinosis.
FABS-view MRI is still advised to distinguish between a
partial biceps tendon rupture and tendinosis or bursitis at
the distal biceps tendon insertion as this may influence
further treatment.
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