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Injury to the distal biceps occurs in certain high risk groups. Anatomical continuity of the lacertus
fibrosus has bearing on the extent of retraction of the torn tendon stump. The objective of clinical and
imaging evaluation is to discriminate between tendinosis, partial tear, acute complete tear and chronic
complete tear. A complete tear of the distal biceps tendon can be diagnosed clinically with the Hook test.
The traditional Hook test and the resisted Hook test are useful clinical tests. Though x-rays are routinely
done, MRI remains the investigation of choice. Non-operative treatment has a role in selected patients
with partial tear or patients with complete tear who have low functional demands. Operative treatment
is the recommended treatment for complete tear of the distal biceps and is associated with good
functional outcome and patient satisfaction.
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1. Biceps anatomy

The lacertus fibrosus is a fascial thickening that connects the
distal biceps superolaterally to the fascia over the forearm flexor
muscles in the inferomedial direction. Anatomical continuity of the
lacertus fibrosus prevents retraction of the torn distal biceps
tendon whereas complete transection of the lacertus fibrosus
would lead to significant retraction of the torn biceps tendon.

The biceps tendon at the elbow is a powerful forearm supinator
and also contributes to flexion at the elbow. Hence, rupture of the
distal biceps leads to weakness of forearm supination which makes
it difficult to do tasks requiring powerful supination such as using a
screwdriver or turning the key.

The long head of the biceps inserts on the proximal and slightly
posterior aspect of the radial tuberosity and thereby acts as a chief
supinator. The short head of the biceps inserts acts as a principal
elbow flexor and both the long and the short heads insert poste-
riorly on the radial tuberosity.1,2 Recreation of the anatomic foot-
print is paramount to regain satisfactory flexion and supination
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[Fig. 1].

2. Biceps rupture etiopathology

The distal biceps tendon inserts onto the ulnar aspect of the
bicipital tuberosity (also called radial tuberosity). The likely path-
ophysiological mechanism predisposing the distal biceps to rupture
is a compromised zone of hypovascularity due towatershed zone of
arterial blood supply and reduced distance between the upper
parts of radius and the ulna during pronation.2

3. Epidemiology

The incidence of distal biceps tearis approximately 5.4 cases per
1,00,000 patients per year.3 This condition is most commonly seen
in two diverse age groups: the young, active, elite sportsmen and in
the middle age group people from fourth to sixth decades.4 Various
tendinopathies are commonly observed from fourth to sixth de-
cades of life and hence it is postulated that tendinopathymight be a
causative factor for biceps rupture in elderly people.

The incidence of biceps rupture is higher in individuals
participating in contact sports, and those consuming anabolic ste-
roids. Pushing or lifting heavy objects, tobacco smoking and raised
body mass index are considered predisposing factors for distal bi-
ceps rupture.3 Whether distal biceps tears are more frequent in the
dominant or non-dominant extremity has also been a subject of
debate.3 In a recent study, majority of the individuals with distal
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Fig. 1. Shows long head of biceps (orange colour) and short head of biceps (green
colour) inserting on the footprint of left side radial tuberosity.
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biceps rupture were involved in non-heavy, low demand occupa-
tions such as office work.4 The possible reasons may be a propor-
tionately greater extension load applied to a flexing elbow leading
to rupture of the distal biceps. Cadaver studies have reported that
the distal biceps tendon tends to fail at a mean tensile load of
204 N.5Another in vitro cadaver study has reported an increase of
the ultimate failure load of the distal biceps as the extension of the
elbow increased from the 90� flexed position although the differ-
ence was not statistically significant.6

The specific flexion angle of elbow, most prone to the rupture of
distal biceps remains unknown.
Fig. 2. Shows the normal contour and shape of the biceps brachii when seen from the
front.
4. Clinical features

4.1. Symptoms

Prodromal symptom such as aching sensation in the anterior
elbow is seen in 10% of the patients. Majority of the patients with a
full thickness distal biceps rupture reports a painful “pop” sensa-
tion. Anterior elbow pain, anterior arm and elbow swelling and
weakness of elbow flexion and forearm supination are commonly
reported symptoms. Activities such as operating a manual screw
driver or opening jars are difficult to perform by involved arm.
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4.2. Signs

The normal biceps contour is seen in Fig. 2. In a torn distal biceps
there would be anterior ecchymosis, swelling and a prominent
biceps bulge atthe anterior mid-arm level (Popeye the sailor sign)
[Fig. 3].

Palpation would reveal tenderness and defect in the anterior
part of the cubital fossa in case of complete tear. The amount of
proximal retraction would depends on the partial or complete
rupture of distal biceps and the integrity of the lacertus fibrosus.
4.3. Special tests

4.3.1. Hook test
The Hook test is useful to diagnose acute complete rupture and

to evaluate postoperative recovery of the distal biceps tendon.
The Hook test was initially described with the arm positioned by

the side of the body and the elbow in 90� flexion. The integrity of
biceps tendon is ascertained by hooking it with examiner's finger
inserted from the lateral side of the tendon. Repeating the same
manoeuvre from the medial side would give information about the
anatomical continuity of the lacertus fibrosus.7 With this test, it is
difficult to separately ascertain the structural integrity of biceps
brachii and the brachialis.7

In the modified Hook test the patients positions the forearm in
complete supination so the palm faces inwardswith the shoulder in
90� abduction and elbow in 90� flexion. Examiner performs the
hook test with patient actively resisting the pronation of the fore-
arm. The advantage of this method is its ability to selectively
tighten the distal biceps.8

The interpretation of the findings of the hook test and the



Fig. 3. Shows the abnormal contour of the biceps brachii and Popeye the sailor sign.
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resisted hook test are described in Table 1.
The Hook test cannot be reliably performed and interpreted in

the presence of heterotopic ossification in the anterior aspect of the
elbow. In chronic cases of distal biceps tear, the formation of large
amount of scar tissue may lead to false positive hook test.9

After repair of the torn distal biceps tendon, Hook test should
reveal normal taut distal biceps tendon after four months of sur-
gery. A negative Hook test at this stage indicates a failed or failing
repair.8

The hook test is a highly sensitive and specific test for diagnosis
of distal biceps rupture however both studies on the hook test are
retrospective studies and are prone to various types of bias.
Table 1
Shows various components, findings and interpretation of hook test and resisted hook t

Components of Hook test and resisted Hook test Clinical findings

Hook test
1. Able to hook the taut distal biceps tendon Taut painless tend
2. Able to push the taut distal biceps tendon sideways Taut painless tend
Resisted hook test Taut painless tend
Hook test
1. Able to hook the taut distal biceps tendon Taut painless/pain
2. Able to push the taut distal biceps tendon sideways Taut painful tendo
Resisted hook test Taut painful tendo
Hook test
1. Able to hook the taut distal biceps tendon No taut, cord like
2. Able to push the taut distal biceps tendon sideways No taut, cord like
Resisted hook test Taut painful/painl
Hook test
1. Able to hook the taut distal biceps tendon No taut, cord like
2. Able to push the taut distal biceps tendon sideways No taut, cord like
Resisted hook test No taut, cord like
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4.3.2. Biceps squeeze test
The Biceps squeeze test is useful for both preoperative confir-

mation of diagnosis of a complete distal biceps rupture and for
confirmation of healing of a repaired biceps tendon.

In this test, the patient is made to sit with the elbow in about 70�

- 90� flexion and arms by the side of the body with the forearm
pronated. Compression of the bulky part of the biceps muscle at the
level of mid-arm by the examiner would lead to supination of the
forearm if the distal biceps tendon is intact. Lack of supination of
the forearm is suggestive of complete rupture of the biceps
tendon.10

Limitation of the biceps squeeze test includes its inability to
discriminate between partial rupture and intact tendon because
squeezing of biceps elicits forearm supination in both conditions.
The patient should be relaxed during the squeeze test because
guarding due to pain in acute trauma might lead to a false positive
result.10

4.3.3. Biceps aponeurosis flex test
This objective of this crucial test is to ascertain the anatomical

integrity of the bicipital aponeurosis or the lacertus fibrosus. The
patient is asked to clench the fist, palmar flex the wrist, and supi-
nate the forearm with elbow in 75� flexion. The well defined, taut,
medial borders of the lacertus fibrosus would be felt if it is intact.11

4.3.4. Supination pronation test
In this test, the patient is asked to alternately supinate and

pronate the forearm while the evaluator observes the contour of
the biceps muscle. If the distal biceps is intact, the contour of the
biceps brachii would become prominent with forearm supination.
It would remain unchanged in complete disruption of the distal
biceps.12

4.3.5. Biceps crease interval (BCI)
The Biceps Crease Interval (BCI) is an indicator of proximal

retraction of the torn distal biceps tendon. The BCI is the vertical
distance between the most prominent cubital fossa crease and the
point on the arm at which the biceps muscle bulk acutely begins to
narrow distally. BCI value greater than 6 cm is indicative of full
thickness rupture of the distal biceps tendon.13 The role of BCI in
diagnostic confirmation of partial disruption of distal biceps is not
known.

4.3.6. Distal biceps provocation test
A clinical test described by Caekebeke et al.14 has been reported

to be useful to diagnose partial rupture of the distal biceps. The
est.

Interpretation

Normal intact tendon
on
on
on

Distal biceps tendinosis or partial rupture of distal biceps
ful tendon
n
n

Partial rupture of distal biceps
structure
structure
ess tendon

Complete rupture of distal biceps
structure
structure
structure
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examiner supports the patients's elbow in 70� flexion and the pa-
tient is asked to perform resisted elbow flexion with forearm fully
supinated and then maintaining the forearm in full pronation.
Aggravation of elbow pain in resisted elbow flexion with the fore-
arm in full pronation is strongly suggestive of distal biceps tendi-
nitis or partial rupture of the distal biceps. This clinical test has
100% sensitivity and 100% specificity.

Our recommendation is to use a combination of these tests. The
Hook test has 100% specificity and 80e100% sensitivity.7,9 The Bi-
ceps squeeze test and the supination pronation test also have 100%
sensitivity. Distal biceps provocation test appears superior as it has
100% sensitivity and 100% specificity to detect partial tears of the
distal biceps. Integrity of the lacertus fibrosus can be evaluated
using the bicipital aponeurosis flex test.

5. Imaging

5.1. Radiograph

X-ray of the elbow would rule out any bony injuries such as
coronoid fracture which can mimic distal biceps rupture. It would
also help to rule out bony avulsion of the radial tuberosity which
can be associated, although uncommonly, with distal biceps
rupture.15

5.2. MRI

MRI is considered the gold standard for distal biceps pathol-
ogies. It should be able to diagnose partial tears, accuratelymeasure
the extent of tendon retraction in acute or chronic tears and visu-
alise the lacertus fibrosus.16 An intact lacertus fibrosus would pre-
vent significant retraction of the torn tendon. MRI is also useful to
diagnose tendinosis which can be treated non-operatively.

It is recommended that the MRI of the elbow be performed with
the elbow in flexion, shoulder in abduction and forearm in supi-
nation position (FABS protocol) for a better view of the distal biceps
and other suspected abnormalities.16

MRI has better diagnostic accuracy than USG for diagnosing
complete tear of the distal biceps whereas both MRI and USG have
similar diagnostic accuracy for incomplete tear of the distal biceps.
17

5.3. Ultrasonography (USG)

USG is a reliable investigation to diagnose various pathologies of
the distal biceps. However it is operator dependant. The distal bi-
ceps and lacertus fibrosis can be observed dynamically while
stressing them with various provocative manoeuvres.16 USG is less
expensive than MRI. USG is indicated in patients unable to have
MRI either due to claustrophobia or any other contraindications.

USG can also be useful to diagnose any postoperative compli-
cations 2.

6. Natural history

Complete tear of the distal biceps results in weakness of the
forearm supination, if not treated. Complete tear of the biceps
associated with concomitant lacertus fibrosus tear leads to a sig-
nificant proximal retraction of the torn tendon and might preclude
primary repair after 4 weeks. However; primary repair may still be
feasible at 3 months if the lacertus fibrosus is intact and there is no
significant proximal retraction of the torn tendon. Delayed pre-
sentation or neglected chronic complete rupture of the distal biceps
usually requires reconstructive procedure.
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7. Treatment [Fig. 4]

7.1. Partial tears

7.1.1. Non-operative treatment
Non-operative treatment is recommended for incomplete rup-

tures affecting less than 50% of the biceps tendon.

7.1.2. Operative treatment
The indications for operative intervention are symptomatic

partial tears of the distal biceps affecting >50% of the biceps tendon
thickness 18 and failure of non-operative treatment for partial tears
of <50% of the tendon thickness.

Operative techniques include tendon debridement leading to
complete transection of the distal biceps insertion followed by in-
ternal fixation of the biceps to its native footprint.

A systematic review reported consistent good outcome after
fixation for incomplete transection of distal biceps tendon19 but the
evidence is of low quality because included studies were either case
reports or case series.

7.2. Acute complete tears

Less than 4 weeks old tears are considered acute tears. 20

7.2.1. Non-operative treatment
Non-operative treatment for complete tears is recommended

for elderly patients (>65 years) with low functional demand, for
younger patients who are medically unfit or patients unwilling to
have surgery. Patients should be informed of the likely weakness of
supination causing limitation in recreational and occupational ac-
tivities if the tear is not repaired.

It is important that patients making an informed choice
regarding long term implications of non-operative treatment of
distal biceps tear. Morrey and Nesterenko have reported that in
patients not undergoing surgical intervention, the mean loss of
maximal supination strength was 40e50% and the mean loss of
maximal elbow flexion strength was 30% compared to the opposite
normal extremity.21,22 It may appear significant loss of strength.
However Freeman et al. found that in spite of loss of strength, pa-
tients treated non-operatively have satisfactory functional outcome
with slight weakness in supination but insignificant weakness of
elbow flexion.23

The first phase of conservative treatment is the phase of
immobilization using either shoulder arm immobilizer or above
elbow plaster slab for three to six weeks depending on the severity
of pain. Shoulder arm immobilizer is preferred because it allows ice
application in case of severe swelling and ecchymosis. Non Steroi-
dal Anti-Inflammatory Drugs (NSAIDs) are given during the initial
weeks of immobilization. Once pain and swelling settles, gentle
active elbow flexion and extension exercises are commenced in
supine position to reduce the effect of gravity. Active elbow flexion
against gravity in sitting and standing position are commenced
after three months. Active lifting of heavy weight will need to be
delayed for six months after the commencement of treatment.

7.2.2. Operative treatment
Operative treatment is recommended for acute complete tear in

the young, medically fit patients. It aims to internally fix the torn
tendon to its anatomical footprint, posterior to the apex of the
radial tuberosity [Fig. 5]. This can be achieved either by a single
anterior incision or two incisions.

Single incision technique is easier to perform but is likely to lead
to a non-anatomical repair of the tendon, slightly anterior to its
footprint on the radial tuberosity [Fig. 5]. There are reports that



Fig. 4. Shows the treatment algorithm for management of distal biceps tendon ruptures.
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non-anatomical repair reduces the force of supination as demon-
strated in cadaver biomechanical studies.24,25The single incision
approach is performed using either a limited anterior approach or
an extensile anterior approach. The limited anterior approach in-
volves making a single transverse incision traversing between the
pronator teres and brachioradialis. The extensile anterior approach
entails using the lazy S incision over the cubital fossa.

The double incision approach entails the use of both anterior
approach and the posterolateral approaches. The ruptured distal
biceps is reattached to its native footprint using suture passage
through tunnels in the bone, cortical endobuttons, interference
screw or suture anchors.

Functional outcome is similar while using either single or dou-
ble incision technique.26
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There was no difference in the elbow range of motion using any
of the surgical approaches or any of fixation methods.27

The overall incidence of complications including major com-
plications after surgical repair based on pooled estimate is 25% and
5% respectively.28 Lateral Ante Brachial cutaneous nerve (LABC
nerve) injury was most commonly observed with the limited
anterior approach and extensile anterior approach most commonly
led to superficial branch of the radial nerve injury.28 Synostosis
between the proximal radius and ulna occurs with the double
incision approach.28 Fortunately, majority of the injuries to the
LABC nerve are neuropraxia and spontaneously recovered1. A sys-
tematic review reported significantly higher incidence of failure of
primary repair and neural injury with the anterior incision
approach whereas heterotopic ossification was most commonly



Fig. 5. Shows schematic diagram of non-anatomic repair (A) and anatomic repair (B).
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reported from double incision approach.29

Patients are able to return towork between 3 and 4months after
surgical repair.30

A feasibility study on cadavers using endoscopic technique for
biceps repair was reported using three portals (parabiceps, mid-
biceps and distal anterior) and suture anchors for footprint fixa-
tion31 but clinical studies are lacking.
7.3. Chronic complete tear

Injuries longer than 4 weeks duration are considered chronic
tears.32
7.3.1. Conservative treatment
Non-operative treatment is recommended for non-compliant or

unwilling patients. They should be informed of the possible func-
tional deficit of leaving the tendon unrepaired.
7.3.2. Operative treatment
Primary repair may not be possible in the cases of chronic

rupture due to tendon retraction and scarring of the ruptured
tendon to the surrounding tissues. Though primary repair should
be attempted, significant tendon retraction would necessitate
reconstructive procedures. Options for reconstruction include the
use of autograft (Palmaris longus, flexor carpi radialis, semite-
ndinosus, latissimus dorsi tendon transfer, gracilis free functioning
muscle transfer) or the use of allograft (tendoachilles).33

Studies comparing reconstruction procedures with primary
repair have remained inconclusive with few authors suggesting
better outcomes with primary repair34 and others reporting
equivalent outcome and morbidity with repair and reconstruction.
35
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8. Conclusion

High index of suspicion is needed to diagnose this significant
soft tissue injury because initial radiographs would be normal.
Thorough clinical examination using a combination of clinical tests
would point to the diagnosis of full or partial thickness biceps tear.
The resisted hook test and the newly described distal biceps
provocation test are helpful clinical tests to diagnose partial
thickness biceps tear. MRI is the investigation of choice. Operative
intervention is indicated for full thickness tears and persistently
symptomatic partial tears in spite of non-operative treatment.
Unwilling or unsuitable patients should be offered non-operative
treatment. Although it is unlikely to restore the strength of bi-
ceps, its functional outcome is reasonable.
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