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Background: Complete rupture of the distal biceps tendon from its osseous attachment is most often treated with operative
intervention. Knowledge of the overall tendon morphology as well as the orientation of the collagenous fibers throughout the
musculotendinous junction are key to intraoperative decision making and surgical technique in both the acute and chronic setting.
Unfortunately, there is little information available in the literature.

Purpose: To comprehensively describe the morphology of the distal biceps tendon.

Study Design: Descriptive laboratory study.

Methods: The distal biceps terminal musculature, musculotendinous junction, and tendon were digitized in 10 cadaveric speci-
mens and data reconstructed using 3-dimensional modeling.

Results: The average length, width, and thickness of the external distal biceps tendon were found to be 63.0, 6.0, and 3.0 mm,
respectively. A unique expansion of the tendon fibers within the distal muscle was characterized, creating a thick collagenous
network along the central component between the long and short heads.

Conclusion: This study documents the morphologic parameters of the native distal biceps tendon. Reconstruction may be
necessary, especially in chronic distal biceps tendon ruptures, if the remaining tendon morphology is significantly compromised
compared with the native distal biceps tendon. Knowledge of normal anatomical distal biceps tendon parameters may also guide
the selection of a substitute graft with similar morphological characteristics.

Clinical Relevance: A thorough description of distal biceps tendon morphology is important to guide intraoperative decision
making between primary repair and reconstruction and to better select the most appropriate graft. The detailed description of the
tendinous expansion into the muscle may provide insight into better graft-weaving and suture-grasping techniques to maximize
proximal graft incorporation.
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Distal biceps tendon (DBT) ruptures are most commonly
seen in the dominant elbow of men in their fourth decade
of life, with an increased incidence in smokers.25 The
mechanism of injury usually involves a sudden eccentric
load to a forcefully flexed elbow with the DBT often avul-
sing from its insertion on the radial tuberosity.8,10,11,18

Although DBT ruptures represent only 3% of injuries to the
biceps muscle complex, they have been associated with pain
in the antecubital fossa, deformity, and cramping.4 Nono-
perative treatment is reported to result in a loss to forearm
supination and flexion in terms of strength (40% and 30%,
respectively) and endurance (79% and 30%, respec-
tively).2,21 Operative repair of the ruptured DBT has been
shown to improve pain and function, thus becoming the
standard of care in healthy active individuals.20,21,24
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Acute repairs are safer, technically easier, and fare
better than chronic repairs.15 Although there are varied
opinions as to the time frame that defines a ‘‘chronic’’
injury, the descriptive characteristics appear consistent
across studies: loss of tunnel passage for the tendon with
associated retraction and scarring of the tendon to the
underlying brachialis.6 With further time delay and retrac-
tion, particularly when the bicipital aponeurosis ruptures
concomitantly, the DBT undergoes atrophy and degenera-
tion. However, when the bicipital aponeurosis remains
intact, a primary repair in the chronic setting may be
possible since retraction of the DBT is often mitigated and
‘‘sufficient’’ tendon length, caliber, and tissue quality may
persist. If the remaining tendon is insufficient, a graft
reconstruction of the DBT that mimics the normal length,
caliber, and tissue quality should be considered.

A variety of grafts (autografts, allografts, and synthetics)
have been reported in the literature to reconstruct the
DBT. Reported graft sources include autologous fascia
lata,3 synthetic ligament augmentation with fascia lata,14

bicipital aponeurosis,12 flexor carpi radialis,7,19 semitendi-
nosus,13,29 and tendoachilles allograft.6,16,22,26,30 The deci-
sion to proceed with a graft and the choice of graft should
be guided by the understanding of normal DBT morphol-
ogy. In addition, knowledge of the orientation of the tendon
fibers near the musculotendinous junction (MTJ) can help
guide graft-weaving orientation and suture placement for
improved proximal fixation. These data are currently lack-
ing in the literature.

The purpose of the present study was to determine the
key morphology of the DBT (length, width, and thickness)
and describe the tendon expansion running within the deep
muscle layers using a unique anatomical 3-dimensional
(3D) modeling technique. This knowledge will assist with
intraoperative decision making in both chronic and acute
settings: when to use a graft, which graft best matches the
native tendon characteristics of the DBT, as well as which
suture orientation and tendon weaving techniques may
help to augment the reconstruction.

METHODS

Ethics approval was obtained from the University of
Toronto Health Sciences Research Ethics Board, Toronto,
Ontario, Canada. A total of 10 formalin-embalmed human
cadaveric upper limbs (mean age, 78.3 ± 16.2 years; 6
women, 1 men) were used in this study. Sex and age were
only available for 7 of the 10 specimens. There were 6 left
upper limbs and 4 right (hand dominance of the donors was
unknown). Exclusion criteria included prior surgical inter-
vention and any evidence of musculoskeletal pathology.

Dissection

The skin and subcutaneous tissue were removed from the
upper limb of each specimen. Next, the full length of the
biceps brachii muscle complex was exposed by removing
the superficial fascia. Distally, the brachioradialis and
extensor carpi radialis longus and brevis were released

from the lateral epicondyle and removed along with the
bicipital aponeurosis. The brachialis, except for the most
distal portion overlying the antecubital fossa, was left in
situ to support the biceps brachii during the digitization pro-
cess. To allow full forearm supination and elbow extension,
the joint capsule was released as necessary. At the end of
the dissection process, the DBT was visualized along its
full length to its insertion on the radial tuberosity.

Each specimen was secured, in full extension and supi-
nation, to a wooden base with metal plates and screws
(Figure 1). Three additional screws were placed in the base
as reference markers at the level of the medial epicondyle,
proximal third of the radius, and at the distal third of the
humerus. The center of each screw was digitized in the same
sequence for later reconstruction of the data points. This
task was performed prior to digitizing each new layer of
muscle or tendon to ensure there was no change in specimen
positioning. In addition, the wooden base was secured to
the table with the use of 2 metallic C-clamps to prevent
micromotion.

Data Collection

Ten specimens were digitized from the distal third of the
muscle belly to the tendon insertion onto the radial tuberos-
ity (see the Video Supplement). Data points were collected

Figure 1. (A) Photograph illustrating the specimen setup for a
left elbow. The limb was dissected and secured to a wooden
board using metal plates and screws (scapula to the left, hand
to the right). The elbow was positioned in full extension with
the forearm maximally supinated. Three reference screws
(Ref #1-#3) were positioned about the elbow. (B) An enlarged
photograph from above the distal biceps brachii muscle and
tendon. DBT, distal biceps tendon; LE, lateral epicondyle;
ME, medial epicondyle; RT, radial tuberosity.
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and recorded using the Microscribe 3DX Digitizer (0.3-mm
accuracy; Immersion Corp). Individual muscle fiber bun-
dles were identified, followed, and digitized from proximal
to distal with data points collected every 2 to 4 mm. This
process was repeated along the entire width of the muscle
layer to gain an accurate representation of the anatomy.
Each layer was then dissected and removed, repeating the
same data collection on the following layer, continuing from
superficial to deep. As the superficial muscle layers were
removed, proximal extensions of the tendon were seen
(deep aponeurosis); these layers were digitized in a similar
fashion as the muscle fibers but distinctly labeled under a
separate heading as internal tendon, defined as the tendi-
nous tissue extending proximally from the MTJ deep to the
muscle fiber bundles. Any portion of the internal tendon
that was thin and lacked true substance was not digitized.
The external tendon was defined as the visible tendon seen
on gross anatomic inspection, from the MTJ extending dis-
tally to its insertion on the radial tuberosity. Both the inter-
nal and external tendon lengths and widths (mediolateral
dimension) were recorded (Figure 2), as well as the thick-
ness (anteroposterior dimension) of the external tendon.

Data collection was then incorporated using a 3D model-
ing technique to obtain a volumetric reconstruction of the
distal muscle belly, MTJ, and the DBT as it attaches onto
the radial tuberosity. This was done using the Autodesk
Maya software platform (Autodesk Inc) with custom soft-
ware plug-ins developed in our laboratory. Once all the
muscle had been dissected off the internal tendon frame-
work, the external tendon was pinned in situ to the under-
lying brachialis muscle and cut transversely beginning at
the MTJ and proceeding distally in 5-mm intervals. The cir-
cumference of the tendon was then digitized after each cut
with data points collected in <2-mm intervals to capture the
variability in shape and orientation along its course and to
capture a true representation of the overall width and
thickness at each transection. Measurements for the width
of the internal tendon were taken at the widest portion of
the tendon in each specimen. Thickness measurements
were not obtained for the internal tendon as the tendon was
extremely thin. Because the tendon is quite flat at both the
MTJ and insertion, the average width and thickness of the
external tendon was averaged from the values collected
from the middle third of the tendon for each specimen. All

data were analyzed, reconstructed, and then modeled using
Autodesk Maya 3D animation software.

RESULTS

Total length of the tendon (both internal and external) was
126.7 ± 10.7 mm. Average internal tendon length was 63.8 ±
11.6 mm, while the average external tendon length was
63.0 ± 9.4 mm. The average width of the internal tendon
was quite broad at 12.0 ± 4.2 mm, as it expanded across
both the short and long muscle heads. The width and thick-
ness averaged within the middle third of the external ten-
don and then averaged across specimens is also shown in
Table 1. These values were 6.0 ± 1.0 and 3.0 ± 0.5 mm,
respectively. The internal and external tendon parameters
are summarized in Table 1.

There was no consistent relationship between the inter-
nal and external tendon lengths, but across all specimens,
the internal tendon length extended proximally more than
4.5 cm from the MTJ. The width of the internal tendon
tended to be much wider than that of the external tendon.

The orientation of the external tendon was quite predict-
able across all specimens. A flattened and broader tendon
appearance was seen at the MTJ and at the insertion, with
the central third being more consistent and ovoid in shape.
The tendon took a predictable 90� external rotation (supina-
tion) at the level of the anticubital fossa, causing the medial
fibers of the short head to become anterior on its attachment
to the radial tuberosity (Figure 3). Selected 3D representa-
tive data from a left-sided specimen dissection is shown in
Figure 4. As the superficial muscle fibers are removed, the
full length of the internal tendon could be appreciated.

The width and thickness of the middle third of the exter-
nal tendon was measured in <5-mm transected intervals and
averaged across the specimen (Table 1). After each transec-
tion, the shape of the tendon was assessed, both grossly as
well as the digitized representation. The tendon had an ovoid
cross-sectional shape. There were distinct bifid tendons sur-
rounded by a common sleeve in 4 of the 10 specimens.

A common complex orientation of the internal tendon was
seen across all specimens.Therewasa thickcollagenousband
extending proximally from the MTJ, centrally located with

Figure 2. The internal and external tendons on a left elbow
specimen midway through the digitization process. The radial
tuberosity is on the right and the muscle belly (with evidence
of layers dissected off) on the far left. ET, external tendon; IT,
internal tendon.

TABLE 1
Dimensions of the Internal and External Distal Biceps

Tendon Using a 3-Dimensional Anatomic Digitizera

Measurement, mm

Internal tendon
Length 63.8 ± 11.6
Width 12.0 ± 4.2

External tendon
Length 63.0 ± 9.4
Width 6.0 ± 1.0
Thickness 3.0 ± 0.5

aValues are reported as mean ± SD. Measurements of the width
of the internal tendon were taken at the widest portion of the ten-
don in each specimen. Measurements of the width and thickness of
the external tendon were taken from the middle third.
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the thickest portion vertically oriented in the sagittal plane
(Figure 5). This band was seen more proximally as the fascial
divisionbetween the long andshorthead; however,extending
distally, there was more interdigitation across the muscle
fibers of the short and long heads. The band was quite sub-
stantial, measuring several millimeters in thickness.

DISCUSSION

Although there is much literature on the anatomy of the
insertion of the DBT onto the radial tuberosity, there are

very few studies addressing the morphology of the distal
tendon itself. This knowledge is key to intraoperative deci-
sion making: deciding when a graft is needed to supplement
or replace the native tendon, to help guide the decision pro-
cess into which graft source is most appropriate, and to bet-
ter inform the method of proximal graft incorporation to the
distal biceps muscle.

Presently, we have found only 2 studies in the peer-
reviewed literature that have obtained some objective
measurements of the DBT morphology. Cucca et al5 investi-
gated the relationship and anatomical variations between
the 2 muscle bellies, the length of the DBT, and the width
measured at the level of the MTJ in 20 cadaveric specimens.
Length was measured from MTJ to insertion using standard
calipers (57 ± 12 mm), and width measured only at the MTJ
(15 ± 3 mm). Although objective measurements are provided,
the use of calipers is a crude measurement tool, and tendon
width was only recorded at the MTJ where width is greatest
and is not necessarily representative of the average width of
the tendon, which would be beneficial for graft selection. Our
measurements of external tendon lengths (63.0 ± 9.4 mm)
fall within the above range. However, our measurement of
the width of the external tendon was taken from the middle
third, a more narrow ovoid section, and therefore not compa-
rable, although our measurement of the width of the internal
tendon is similar to that of Cucca et al.5 Kulshreshtha et al17

examined the width and thickness of the DBT at the antecu-
bital fossa in 74 cadaveric arms but did not measure tendon
length. Although measurements were taken using Vernier
calipers, we feel this location of measurement is more appro-
priate than the MTJ for determining characteristics for graft
selection. They did, however, only measure from 1 location
on each specimen, whereas we feel we gain a more accurate
representation by taking the average of multiple points from
the middle third of the external tendon. Nonetheless, the
values of width and thickness from their study (5.2 ± 1.0 and
2.6 ± 0.5 mm, respectively)17 fall within the range of our cur-
rent study (6.0 ± 1.0 and 3.0 ± 0.5 mm, respectively).

Cucca et al5 also examined the relationship between
the 2 muscle bellies as they merged into the tendon. Of
their specimens, 30% (6/20) had complete separation of
the muscle bellies leading up to the tendon. Using our
3D anatomic modeling, we were able to identify the rela-
tionship of the 2 heads within the tendon and identified
4 of the 10 to show complete separation as distinct ten-
dons surrounded by a thin common sheath.

Figure 3. A representative left elbow dissection showing both
the short and long muscle bellies and the 90� external rotation
of the distal biceps tendon as it crosses the joint and inserts
onto the radial tuberosity. The most medial border of the short
head becomes the most distal insertion point on the radial
tuberosity. BR, brachialis; DBT, distal biceps tendon; LH, long
head; RT, radial tuberosity; SH, short head.

Figure 4. A 3-dimensional representation of the distal muscle
tendon unit of a single left elbow specimen chosen at 3 dis-
tinct times during the digitization process. (A) Prior to any dis-
section of the muscle layers, (B) after about half of the muscle
fibers have been dissected off the tendon, and (C) after the
majority of the muscle fibers have been dissected off the ten-
don, revealing the full length of the internal tendon structure.

Figure 5. A 3-dimensional representation of the peaks and
valleys of the internal tendon in a left elbow specimen. The
large vertical projection can be well appreciated in this speci-
men, and suture grasping within this area would likely yield
increased strength at time zero.
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Lastly, there is little information in the literature to help
guide surgical and suturing techniques to incorporate the
graft proximally into the remaining distal biceps muscle
and tendon stump. Although there is a clear visual distinc-
tion between muscle and tendon on gross inspection, there
is a complex expansion of the internal tendon proximally,
hiding beneath the more superficial muscle layers as
depicted in our 3D modeling. A better understanding of the
orientation of these fibers as well as the unique character-
istics of the tendon itself may provide new insight into tech-
niques to improve the strength of the repair by better
orienting the graft and/or sutures. To our knowledge, this
has not been reported in the literature.

Repair techniques described for chronic reconstructions
are technically challenging. Docking the distal end first
means fixing the proximal part of the graft to the inadequate
tendon stump and distal muscle with the arm bent at 45�.26

This is technically difficult and minimizes the access to the
deep portions of the internal tendon. Similarly, when the
graft is secured and positioned in a blanket-type fashion
with Krackow stitching along the periphery, incorporation
of the graft into the thick aponeurotic expansion that exists
under the superficial muscle fibers, which could allow for
greater graft security, is being missed. In addition, the bifid
relationship of the distal tendon can be best understood with
layer dissection. As this is not possible clinically in a surgical
repair setting, it would be prudent to assume a bifid relation-
ship exists in each patient and to select a suture grasping
technique that is adequate to secure both layers. This con-
clusion is supported by the work of Fogg et al,9 where their
anatomical study suggests that nonsutured tendinous bands
may slip in the direction of muscle contraction, contributing
to a less robust repair and poor clinical function postopera-
tively. By suturing this internal tendon aponeurosis, it
will not only ensure even distribution of forces between
both muscle heads, but provide better control when repli-
cating the anatomic docking by placing the medial aspect
of the tendon (short head) more distal into the radial
tuberosity and maximizing supination, although this has
not been confirmed with biomechanical or outcome studies.1

It is important to acknowledge that even though it is ulti-
mately our goal to restore native anatomy, anatomic recon-
struction does not necessarily lead to a superior outcome.

Our technique of data collection allows the capturing of
the entire muscle and tendon volume as well as a detailed
look at the cadaveric architecture, and in this case, a
detailed description of the muscle fiber orientation and col-
lagenous extensions. This process enables a greater resolu-
tion and accuracy to a submillimeter level (0.3 mm) to that
offered with standard calipers. The disadvantage, however,
of this technique is that it is an extremely time-intensive
technique for serial dissection and digitization.

Limitations

This study is a unique 3D representation of the important
morphological characteristics of the DBT. There are, how-
ever, some limitations to this study. First, the cadavers
were embalmed in formalin. Although still quite flexible,
this is not as natural as fresh specimens, which were not

feasible at our institution. Second, a smaller sample size
was selected secondary to the demands of the digitization
process. Although similar in number to previous digitiza-
tion studies, there are fewer specimens than some of the
other anatomic studies investigating the distal biceps
anatomy. Regardless, we feel we have an excellent repre-
sentation of the anatomy secondary to the precision of
these measurements and this technique. Lastly, the demo-
graphics of the cadavers did not represent the population
typically burdened by this injury, with the majority being
female and with an average age of 78.3 years. Given the
sex and age of specimens, results of the present study
likely represent the low range of width and thickness mea-
surements but are likely a fair representation of the
length of the tendon.

CONCLUSION

Surgeons can use the dimensions of the native distal biceps
tendon when deciding whether reconstruction is necessary,
as well as for graft selection of similar morphology. If there
is significant loss of length or caliber compared to ‘‘normal,’’
the decision to augment and/or reconstruct with a graft
should be considered. Based on our anatomical 3D study,
we suggest graft consideration to substitute for a normal
tendon of approximately 63.0 mm in length. In cases of
reconstruction, a graft should be chosen that has similar
characteristics as the native tendon (width, 6.0 mm; thick-
ness, 3.0 mm) and account for the additional length neces-
sary for graft incorporation (63.0 mm for the external
tendon, 50.0 mm for pulvertaft weave, and 5.0 mm for dock-
ing distally into an osseous trough), for a total length
between 115 to 120 mm. A wider graft means a larger hole
for docking, and hence, increased risk of fracture. Trim-
ming a graft to meet the desired width and thickness means
disrupting the collagen fibers and increasing the risk of
adhesions. Tubularizing a graft to reproduce the shape of
the native tendon weakens its structural and mechanical
properties.28 For all these reasons, finding a graft most sim-
ilar to the native tendon will yield more predictable results.

We currently use autogenous semitendinosus from the
contralateral leg but have successfully used flexor carpi
radialis from the ipsilateral arm. Although variation in
measurements exist, the semitendinosus tendon is at least
on average 235 ± 20 mm in length27 with a minimum cross-
sectional area of 11.4 ± 2.06 mm2,23 providing a width and
thickness of approximately 3.4 mm each.23,27,28,31 This
provides sufficient length to substitute for the distal biceps
tendon as well as similar ovoid morphology. We use a pul-
vertaft weave with 2 passes from medial to lateral, 1 proxi-
mally and 1 distally, to take advantage of the orientation
of the thick internal tendon and maximize strength of the
repair at time zero, and 1 intervening pass from anterior
to posterior. The pulvertaft weave is started just high
enough to get 3 passes, each 90� to one another, to achieve
a solid connection to the stump that hopefully does not
lengthen with physiologic load or rehabilitation. We are
not attempting to replicate the entire internal tendon
length. The graft is cycled under tension to remove any

The Orthopaedic Journal of Sports Medicine 3D Anatomy of the Distal Biceps Tendon 5



residual slack and confirm secure fixation. It is then trun-
cated at the ‘‘normal’’ anatomical length of the external
tendon (with about 5.0 mm additional length for intraoss-
eous docking), and reconstruction proceeds similar to an
acute distal biceps tendon 2-incision repair technique to
the radial tuberosity.
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