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Abstract
» Distal biceps tendon (DBT) tears occur most commonly in middle-
aged men after a sudden, forced eccentric contraction of the flexed
elbow.

» An understanding of the multiple risk factors, mechanisms, and
pathophysiological causes is essential for proper and timely diagnosis.

» High clinical suspicion and routine physical examination with
appropriate special examination tests, including the hook test, the
passive forearm pronation test, the biceps crease interval test, and the
bicipital aponeurosis flex test, can help with rapid and accurate
diagnosis and guide appropriate and timely management.

» Treatment for DBT tears depends on the extent (complete versus
incomplete) and timing (acute versus chronic) of the injury, and
options include nonoperative management, repair, and reconstruction
with or without repair of the bicipital aponeurosis.

I
nthis review article, we provide an
updated overview of distal biceps
tendon (DBT) tears. A good
understanding of the epidemiology,

risk factors, mechanisms, diagnostic tools,
and current repair methods allows for
prompt diagnosis and appropriate treat-
ment. This review incorporates new infor-
mation regarding physical examination
findings, magnetic resonance imaging
(MRI), and some treatment strategies,
including recent knowledge about the
controversial bicipital aponeurosis (BA)
repair. We propose a practical treatment
algorithm that has been guided by the
available evidence.

Epidemiology
Three percent of all biceps injuries areDBT
tears1. As clinicians’ knowledge and tools
for diagnosis have become more sophisti-
cated, there has been increased recognition
of this injury and a subsequent increase in
its reported incidence. Safran and Graham
initially reported an incidence of 1.2 per

100,000 patients1. However, their study
was underpowered because it included only
14 patients with biceps ruptures. In a more
recent study that assessed a national data-
base, Kelly et al. estimated an incidence
between 2.55 and 5.35 per 100,000, with a
mean age of presentation of 46.3 years. A
vast majority of the tears occurred in men
between the ages of 35 and 54 years2.

Most injuries in men are complete
ruptures; partial ruptures are less com-
mon3. In the literature, most of these
injuries are described in case reports4-6, and
related robust studies are lacking. To our
knowledge, the first case of partial rupture
was reported by Nielsen in 19877.
Although the 2002 study by Safran and
Grahamreported apreponderance of injury
in the dominant arm (86%), more recent
studies have reported a more equal inci-
dence in the dominant and nondominant
arms2,8. Green et al. reported an 8%
cumulative incidence of staggered bilateral
biceps tendon ruptures in a consecutive
series of biceps tendon repair, with most
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occurring in men8. This suggests that
patients with an injury to 1 limb are at a
substantially higher risk for injuring the
contralateral limb.

DBT injuries are much more
common in men (.95%) than in
women. Jockel et al. analyzed a cohort of
women with this injury9. They noted
that the presentation differed from that
in men, who usually present with com-
plete tears: half of the women reported a
more gradual onset of symptoms and a
vast majority of them had partial tears.
The women were also older at presen-
tation (mean age of 63 years). This
suggests a different mechanism and
pathophysiology. The lower frequency
in women follows general trends that are
seen with other tendon injuries such as
Achilles, patellar, andquadriceps tendon
tears10.

Risk Factors
DBT injuries occur nearly exclusively in
middle-aged men and result from a
sudden, forced eccentric contraction of
the elbow, which is usually associated
with heavy lifting or athletic activities.
Multiple activities, especially those that
put the elbowat risk for sudden eccentric
flexion, are associated with DBT tears.
No difference has been noted between
those having a labor-intensive job and
those who were more sedentary2.

Epidemiological studies first iden-
tified smoking as a substantial risk factor
for a DBT tear. Smoking was associated
with a 2.2 to 7.5 times greater risk of
rupture1,2. The correlation was stron-

gest in the studybySafran andGraham1,
where the smoking rate was 43% in the
injured population versus 9% in the
uninjured population. One possible
physiological explanation is exacerba-
tion of the tendon’s zone of
hypovascularity11.

Elevated body mass index (BMI)
has also been associated with an increase
in tendon injury. Proposed rationales
have alluded to increased load on the
tendon and a diminished response to
microinjury12. A significant association
has been noted with a BMI of.30 kg/
m2; 66%of patients in the injured group
were obese in 1 study2. The same study
showed that diabetes mellitus did not
appear to be a significant risk factor
overall or for patients who were,65
years of age (p5 0.709). Diabetes mel-
litus has been associated with the overall
number of tendon ruptures requiring
hospitalization; however, to our knowl-
edge, there has been no study to date
clearly linking diabetes to the patho-
genesis of DBT ruptures13.

Although no robust epidemiolog-
ical study has specifically analyzed the
association of anabolic steroid use with
DBT tears, case reports14,15 and the
relationship of steroid use with other
tendon injuries in general16 suggest a
likely correlation. Similarly, limited
studies have shown trends with the use
of the statin family of medications but
no definitive statistical correlation17.
Interestingly, wild-type transthyretin
cardiac amyloidosis, a recognized cause
of a subset of heart failure, has also been

linked to DBT ruptures18. On average,
ruptures preceded the diagnosis of heart
failure by 5 years. Complete rupture
after periarticular corticosteroid injec-
tion, use of oral anabolic steroids,
chronic prednisone use, and the diag-
nosis ofCushing syndrome also has been
reported1,19-21.

Anatomy
Understanding the anatomy of theDBT
and its insertion is essential to properly
recognize the injury and be able to treat
it appropriately (Fig. 1). There are 2
distinct insertions: the short head atta-
ches distally on the radial tuberosity, and
the long head attaches proximally, deep
to the tendon of the short head. The
short and long heads both contribute to
flexion and supination, with the short
head having a slightly higher contribu-
tion to flexion22. The DBT inserts onto
the posterior ulnar aspect of the radial
tuberosity,which lies on the ulnar side of
the proximal aspect of the radius. The
insertion angle has been noted to be
approximately 30° to 45° relative to the
coronal plane when the forearm is fully
supinated23. The distal tendon exter-
nally rotates 90° as it crosses the elbow
joint. A cadaveric biomechanical study
demonstrated that the load necessary to
cause failure increased as the elbow
flexion angle decreased24.

The lateral antebrachial cutaneous
nerve (LABCN) and the posterior
interosseous nerve (PIN) are near the
tendon insertion. The LABCN exits at
the antecubital fossa between the biceps

Fig. 1

Line art showing the anatomy of the DBT (Fig.
1-A) and the BA (Fig. 1-B). (Reprinted from J
Should Elbow Surg, 22[7], ElMaraghy A, De-
vereauxM, The “bicipital aponeurosis flex test”:
evaluating the integrity of the bicipital apo-
neurosis and its implications for treatment of
distal biceps tendon ruptures, 908-14, Copy-
right 2013, with permission of the Journal of
Shoulder and Elbow Surgery Board of
Trustees.)
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and the brachialis and lies lateral to the
tendon that overlies the brachioradialis
muscle. The PIN also lies nearby later-
ally under the supinatormuscle and near
the posterior cortex of the radius. Both
are susceptible to injury with laterally
placed retractors25 or instrumentation.
The LABCN is more commonly
injured, but the consequences of a PIN
palsy are more serious26. Concomitant
PIN entrapment27 and median nerve
compression28 due to the initial injuries,
not the fixation, have also been reported.

The BA fibers originate mostly
from themedial border of thedistal short
head of the biceps muscle and tendon as
a trapezoidal band of parallel fascia29,30

(Fig. 2).TheBAmerges distally, fanning
out and attaching to the superficial fascia
of the forearm flexors as well as the
ulna31. It links to the biceps tendon and
pulls it distally and medially when the
forearm flexor-pronator mass con-
tracts32. Multiple functions have been
attributed to the BA. It is a protective
sheath for the underlying neurovascular
structure and an additional anchor for
the DBT, it contributes to propriocep-
tion based on forearm muscle contrac-
tion, and it contributes to elbow
flexion30,33. A thickened BA can com-
press the median nerve and cause pro-
nator teres syndrome34.

Mechanism of Injury
DBT tears often occur after an acute
eccentric force is applied to the elbow,
frequently from a flexed and supinated
position35. Kelly et al. noted a mecha-
nism of forced hyperextension of the
arm in 80% of patients with DBT tears,
while the remaining 20% were either
chronic tears, caused by a direct blow to
the forearm, or caused by a movement
whose specifics the patients were unable
to recall2. Partial tears tend to occur on
the radial side36. The higher incidence of
a contralateral tear in patients who have
previously had a DBT tear suggests
intrinsic causes, although increased
demand on the uninjured side cannot
be excluded. A degenerative process,
mechanical impingement, and a hypo-
vascular zone of the tendon all have been
cited in the literature as possible causes11.

Some have suggested that an initial
degeneration of the tendon causes an
incomplete or partial tear as a result of
preexisting pathological changes. This
predisposes to an acute episode of com-
plete tendon rupture when the muscle
suddenly contracts37. Structural degener-
ative changes, such as hypoxic degenera-
tive tendinopathy, mucoid degeneration,
tendolipomatosis, and calcifying tendin-
opathy, are seen in healthy patients, even
in those who are in their thirties38; the
changes are noted on histological evalua-
tion of the ruptured biceps tendons39.

Hypovascularity also has been
postulated to be a contributing factor11.
The DBT is covered by an extrasynovial
paratenon with 3 zones of blood supply.
Proximally, zone 1 is supplied by
branches of the brachial artery, and dis-
tally, zone 3 is supplied by the posterior
interosseous artery. Zone 2 has a much
thinner paratenon and only receives
blood through its extratendinous para-
tenon cover. This creates a zone of hy-
povascularity of approximately 2 cm,
which is susceptible to degeneration and
shortening.

Alternatively, during forearm pro-
nation, the space between the lateral
ulnar border and the radial tuberosity
decreases by 50%40. Any osseous irreg-
ularity such as spurring or inflammation

with corresponding hypertrophic
changes could further reduce the avail-
able space and cause impingement20,41.

Clinical Presentation
Patients often report hearing an audible
“pop” that is associated with pain and/or
bruising. This is followed by weakness
with forearm supination and elbow
flexion. Some patients will describe 2
instances of a ‘‘popping’’ sensation: the
initial rupture of the DBT and a second
sensation from the BA rupture. Patients
often describe activity-related discom-
fort and fatigue, which can persist for
weeks to months. Early diagnosis of
complete tears is essential for timely
surgical referral. Delays in treatment for
.6weeks can compromise the ability to
obtain primary anatomic repair and
increase subsequent complications42,43.

There is often a palpable fullness in
the antecubital fossa adjacent to the biceps.
One diagnostic challenge is to distin-
guish between complete and partial tears.
Symptomsassociatedwith apartial rupture
are similar but more subtle than those that
are associated with a complete rupture,
such as pain and tenderness in the antecu-
bital fossa, swelling, andweakness of elbow
flexion and forearm supination4. The only
differences are found on physical exami-
nation; thebiceps tendonappears absent in
a complete rupture but palpable in a partial
rupture.

Wehave proposed an algorithm for
the evaluation andmanagement ofDBT
tears that includes physical examination
as well as confirmatory imaging, as
needed (Fig. 3). It is important to note
that although the evaluation and diag-
nostic components of the algorithm will
work for any patient, the ultimate deci-
sion regarding the potential risks and
benefits of any surgical recommendation
will depend on individualized clinical
judgment that considers patient sex, age,
physical demand, and medical
comorbidities.

Physical Examination
The physical examination starts with an
inspection of the affected arm. Acute
ruptures will typically present with

Fig. 2

Lineart showing theBA (1), theDBT (2), and the
flexor-pronator mass (3). (Reprinted from J
Should Elbow Surg, 22[7], ElMaraghy A, De-
vereaux M, The “bicipital aponeurosis flex
test”: evaluating the integrity of the bicipital
aponeurosis and its implications for treatment
of distal biceps tendon ruptures, 908-14,
Copyright 2013,withpermissionof the Journal
of Shoulder and Elbow Surgery Board of
Trustees.)
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medial-sided ecchymosis along the
proximal aspect of the forearm. The
proximal contour of the biceps muscle
may be altered, and depending on the
degree of retraction, a “reverse Popeye”
sign44 may be visible. With palpation, a
physical gap may be present.

The motor examination, which
focuses on supination and elbow flexion
strength, may be limited by pain in the
acute setting. On average, this injury
leads to a 30% loss in flexionpeak torque
and a 40% to 50% loss in supination
peak torque45,46. Various special tests
have been proposed and are presented in
Table I.

Any clinical test in isolation may
not be sufficient for an accurate diag-
nosis. Data on diagnostic accuracy have
demonstrated the sensitivity of each test
in isolation, ranging from 81% to 100%
for sensitivity and fromnot applicable to
100% for specificity47. With the com-
bination of 3 tests (the hook test, the
passive forearm pronation [PFP] test,
and thebiceps crease interval [BCI] test),
the sensitivity and specificity for diag-
nosing complete tears improved to
100% when they were all in agree-
ment48, and this combination is rec-
ommended in the proposed algorithm
(Fig. 3). With chronic ruptures, these

testsmay show false-negatives secondary
to bandlike scar tissue that can easily be
mistaken for the biceps tendon. Fur-
thermore, an intact BAmay alsomislead
the examiner; therefore, knowledge of
the anatomic location of the BA and
utilization of the BA flex test are critical.

Diagnostic Imaging
When in doubt, MRI is the preferential
imaging modality for detecting DBT
ruptures due to its high sensitivity and
specificity for detecting tears. Partial tears,
intramuscular tears,muscle retraction, and
tendinosis all can be diagnosed and char-
acterized using MRI. Fast-spin-echo

Fig. 3

DBT tear evaluation and management algorithm.1ve5 positive, and -ve5 negative.
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intermediate-weighted and T2-weighted
or short tau inversion recovery (STIR)
sequences are typically obtained. The
FABS (flexed elbow with the shoulder
abducted and the forearm in supination)
view increases diagnostic sensitivity; it is
obtained with the patient in a prone
position, and allows a longitudinal view of
the entire length of the DBT.

The use of ultrasonography is
becoming increasingly common. The
sensitivity, specificity, and accuracy of
this imaging modality for the diagnosis
of complete versus partial tears have
been reported to be as high as 95%,
71%, and 91%, respectively49. With
improvements in resolution, cost-
effectiveness, and accessibility, it is
becoming more of an attractive option.
However, the user-dependent nature of
ultrasonography raises concerns for
false-negative or equivocal results that
may delay treatment.

The threshold for obtaining
advanced imaging is variable in the litera-
ture. Some authors have proposed the use
ofMRIfordiagnosingpartial tearsorwhen
the clinical examination is equivocal3,50,51.
The increase in the positive predictive
value of the diagnosis of complete rupture

through the routine application of the 3
aforementioned clinical tests (the hook,
PFP, and BCI tests) can decrease the need
for confirmatory imaging and its associ-
ated costs as well as delays in treatment48.
MRI may not be necessary for the preop-
erative workup of acute complete tears
when the clinical diagnosis is clear (Fig. 3).

Nonoperative Management
Nonoperative management should
focus on reducing swelling and inflam-
mation, early range of motion of the
elbow, and progressive secondary
strengthening. This option is typically
reserved for elderly, low-demand, and
high-surgical-risk patients butmay yield
acceptable outcomes in younger patients
who are willing to tolerate reduced
strength in supination52. A loss of supi-
nation (40% to 50%) and flexion (30%)
strength may be tolerated in these
patients, especially when it affects the
nondominant arm45,46. Some authors
have advocated for nonoperative man-
agement of partial tears involving
,50% of the thickness (Fig. 3), result-
ing in high rates of success53. However,
patients with high-grade partial tears
involving$50% of the thickness have

reported a failure rate of 76% with
nonoperative treatment, as demon-
strated in a systematic review of 86
patients with partial tears54; these
patients would likely benefit from sur-
gical management (Fig. 3).

Operative Management
Acute DBT Tears
Single and Dual Incisions
The anterior single-incision approach
was initially based on the classic volar
Henry approach55, which was extended
proximally as an S-shaped incision cen-
tered over the antecubital fossa. How-
ever, this extensive approach led to high
rates of PIN palsy56. With the intro-
duction of newer fixation methods, less-
invasive modifications (or “limited ap-
proaches”) are now utilized. With these
approaches, the interval lies between the
pronator teres (retracted medially) and
the brachioradialis (retracted laterally).
The LABCN is identified and protected
as it exits between the biceps and the
brachialis at the level of the elbow joint.
The forearm is kept in a supinated
position to protect the PIN; the rate of
injury of the PIN has been reported to
range from 1% to 5%57.

TABLE I Distal Biceps Tendon and Bicipital Aponeurosis Clinical Tests

Test Description

Supination-pronation
test

The biceps tendon is ruptured if there is no substantial change in the shape of the biceps as the arm moves
between active supination (proximal movement of the biceps) and pronation (distal movement of the biceps)98.

Passive forearm
pronation (PFP) test

With the elbow flexed at 90°, the forearm is passively pronated froma fully supinatedposition. The biceps tendon
is ruptured if distal advancement of the muscle is not seen99.

Hook test With active supination of the elbow flexed at 90°, a normal hook test allows the examiner to hook his or her index
finger under the intact biceps tendon from the lateral side. Lack of a cordlike structure that cannot be hooked
indicates distal avulsion of the biceps tendon and is considered an abnormal hook test50.

Biceps squeeze test Thebiceps squeeze test isdonewith thepatient seatedandthe forearmresting in thepatient’s lap.With theelbow
flexed at 60° to 80° and in slight pronation, the biceps is squeezed firmly with both hands, 1 hand at the distal
myotendinous junction and the other around the belly of themuscle. Inability to elicit supination is considered a
positive test100.

Biceps crease interval
(BCI)

The elbow flexion crease (antebrachial crease) is first traced with a pen. The contour of the distal biceps is lightly
strokedback and forth along a central line parallel to its long axis. The sharpest curve (the “cusp”of distal descent)
of the distal biceps is identified andmarked. The BCI is calculated as the distance between the “biceps cusp” and
the antebrachial crease. The nonaffected side is then similarly measured101.

Biceps crease ratio (BCR) The BCR is the ratio of the BCI of the injured arm divided by the BCI of the uninjured arm. A test is considered
positive when the BCI is.6.0 cm or the BCR is.1.2101.

Bicipital aponeurosis (BA)
flex test

The integrityof theBA isassessedwith theBA flex test.With theelbow in75°of flexion, thepatient is first instructed
tomake a fist and actively flex the wrist in a supinated position. Thismaneuver allows the BA to be under tension
and allows the examiner’s finger to palpate the sharp thin edge of the aponeurosis at the medial antebrachial
fossa, if intact33.
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To limit exposure and decrease the
risk of the neurological damage that was
commonly seen with the single-incision
approach,Boyd andAndersondescribed
the dual-incision approach for easier
access to the radial bicipital tuberosity58.
However, this led to a high incidence of
heterotopic ossification and, in its most
extreme form, radioulnar synostosis.
Thus, a modification where the dorsal
muscles were split, preventing subperi-
osteal dissection over the ulna, greatly
reduced the incidence of synostosis59.

Complications associated with
both techniques have been extensively
reviewed in the literature60-62. Compli-
cations associated with biceps repair
include nerve injury (the LABCN, the
PIN, the superficial radial nerve, the
radial nerve, the anterior interosseus
nerve, the median nerve, and the ulnar
nerve), heterotopic ossification, synos-
tosis, proximal radial fracture, rerupture,
superficial and deep wound infection,
stiffness, weakness with forearm rota-
tion and flexion, vascular injuries,
chronic regional pain syndrome, and
lateral epicondylitis. A randomized
controlled trial by Grewal et al.63 that
compared single versus dual-incision
techniques for repair reported no sig-
nificant difference in outcomes other
than a 10% advantage in final flexion
strength with the double-incision tech-
nique. There were more early transient
LABCN neurapraxias in the single-
incision technique group (40.4% versus
6.9%). A meta-analysis by Amin et al.
provided a detailed review of complica-
tions that were associated with both
incision techniques; they found overall
higher complication rates with single-
incision techniques and, notably, a
higher incidence of heterotopic ossifi-
cation in the dual-incision group64. The
rate of LABCNpalsy, themost common
complication, was noted to be 10% for
the single-incision technique versus 2%
for the dual-incision technique.

BA Repair
Multiple theories explaining the role of
the BA have been proposed. These
include protecting the underlying neu-

rovascular structures, providing an
additional anatomic anchor to the distal
aspect of the biceps, providing pre-
tension proprioceptive information to
the biceps, and contributing to elbow
flexion strength31,33. The BA may rup-
ture in association with distal biceps
injuries and typically fails at the most
proximal portion near the short head of
the biceps muscle and tendon. Biome-
chanical data suggest that BA repair in
conjunction with distal biceps repair
improves construct strength by 50%65.
A retrospective review comparing DBT
repairs with and without BA repair
suggested that concomitant BA repair
led to a faster return to recreational
activities66. Repairing a torn BA may
have some benefits, and routine evalua-
tion of the BA as well as treatment rec-
ommendations have been incorporated
into our proposed algorithm (Fig. 3).

Fixation Techniques
Various fixation techniques have been
described to address DBT repair,
including the use of transosseous tun-
nels, suture anchors, suspensory cortical
buttons, and intraosseous screw fixation.
There is currently a lack of consensus
regarding the optimal fixation methods.
A systemic review of 494 patients by
Watson et al. reported a complication
rate of 44.8% for intraosseous screws,
26.4% for suture anchors, 20.4% for
bone tunnels, and0%for cortical button
fixation67. In contrast, another system-
atic review that included 1,074 patients
found that transosseous tunnel fixation
had significantly fewer complications
than the other 3 fixation techniques68.

Van der Vis et al. reported no dif-
ference in patient-reported outcomes
(QuickDASH [shortened version of the
Disabilities of the Arm, Shoulder and
Hand questionnaire], MEPS [Mayo
Elbow Performance Score], or EQ-5D-
5L [EuroQol-5 Dimensions-5 Level]
scores) between suture anchor repair and
cortical button fixation69. Similarly,
Recordon et al. found no difference in
clinical outcomes in terms of patient
rating, pain, range of motion, or supi-
nation strength between 2-incision sus-

pensory cortical and transosseous tunnel
fixation techniques70. Additionally, no
difference was found in a retrospective
study of complication rates and func-
tional outcomes that compared a single-
incision suspensory cortical fixation
technique with a dual-incision approach
with transosseous tunnels71.

Biomechanical data show superi-
ority with suspensory cortical fixation in
terms of stiffness and greater load to
failure (ultimate single tensile load to
failure: 259N; normalDBT: 210 to 221
N) than suture anchors, transosseous
tunnels, and intraosseous screws (ulti-
mate single tensile load to failure: 105 to
263N,125 to 210N, and131 to 192N,
respectively)43. Construct stiffness
occurs more with 2 versus 1-suture
anchor repairs. Failure of intraosseous
screw fixation typically occurs because of
tendon pullout or fracture of the bicip-
ital tuberosity, whereas other repairs
tend to fail because of shredding of the
tendon that is adjacent to the suture43.
Although there appears to be a biome-
chanical advantage with the suspensory
cortical fixation technique, to our
knowledge, there has yet to be any con-
vincing evidence that this translates to
meaningful improvements in clinical
outcomes.

Chronic DBT Tears
There is no consensus on what time
frame constitutes a chronic rupture,
with opinions ranging from 3weeks to 3
months3,59,72,73. Beyond 4 to 6 weeks,
retraction, atrophy, and scarring of the
ruptured tendon are substantial enough
that MRI may be necessary to confirm
reparability and to inform the likelihood
of reconstruction. Chronicity also
complicates dissection as the tract fills in
and becomes more difficult to visualize.
Delayed presentation could be due to a
delay in timely diagnosis, failed nonop-
erative treatment, failed primary repair,
or simply a patient’s desire to avoid
surgery. MRI is the most important
imaging modality to evaluate the
amount of tendon scarring and retrac-
tion. Furthermore, placing the patient
prone with the affected arm in full
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abduction while the elbow is in 90° of
flexion and the forearm is in full
supination (FABS view) will provide
optimal visualization of the biceps
tendon74.

There have been a variety of dif-
ferent surgical techniques for treating
chronic DBT tears. These techniques
can be divided into nonanatomic repair,
anatomic repair, and reconstruction.
Nonanatomic repair, also known as
distal biceps tenodesis, was first
described in 194175. With this proce-
dure, the ruptured tendon is inserted
into the brachialis muscle or the coro-
noid process instead of the radial tuber-
osity in the proximal aspect of the
radius75,76. Patients who underwent
tenodesis to the brachialis had restora-
tion of supination strength of only 43%
to 50%46,77. This technique has a simi-
lar surgical risk profile and poorer results
when compared with current tech-
niques. Furthermore, a meta-analysis
reported good results in only 60% of
patients who underwent nonanatomic
biceps tendon repair78.

The role of anatomic repair with
chronicDBT tears has been evaluated in
a few studies79-83. A key element of the
success of this intervention is the pres-
ence of an intact BA. The intact apo-
neurosis limits retraction and proximal
scarring of the tendon, which increases
the chances of repairing the tendon,
regardless of the chronicity of the
injury50,84. However, reconstruction of
the DBT to restore the length of the
tendon is necessary when the BA has
been ruptured and the tendon is re-
tracted and scarred proximally. Several
techniques utilizing different graft
choices have been described in the lit-
erature, but no technique has appeared
to be superior. Graft choices include
autogenous fascia lata85,86, palmaris
longus, plantaris, second and third toe
long extensors87, flexor carpi radialis72,
lacertus fibrosus (BA)88, and hamstring
tendons89-91. Allografts have also been
reported as a graft choice, most com-
monly the Achilles tendon92, but the
hamstring and tibialis anterior tendons
also have been used. Some authors have

even advocated for augmented or syn-
thetic grafts88,93,94. Whether the graft is
fixed to themuscle or the tuberosity first,
many authors tend to tension the graft at
approximately 45° of elbow
flexion86,88,90,92,93,95.

A potential drawback of these
tension techniques is that they do not
account for variations in chronicity. In
a recent publication regarding our
experience with the “anatomic length
method” of reconstruction, a surgical
technique was described in which
autogenous hamstring tendon graft is
utilized91. The graft is attached proxi-
mally, truncated at the “anatomic
length,” and then attached distally to
the radial tuberosity in a fashion that is
identical to a primary 2-incision repair.
This includes rotating the graft 90°
externally (“supinating” the graft) so
that its radial (long head) side is ana-
tomically attached to the proximal
portion of the radial tuberosity and vice
versa. It is believed that if enough
protection is provided for the graft to
heal at the distal bone insertion and a
proximal biceps Pulvertaft weave
repair is used, then subsequent
lengthening of the chronic retraction
will occur at themuscular level, leading
to a more ideal length-tension rela-
tionship than in previously reported
uniform or empiric reconstruction
techniques. For these types of proce-
dures, a concomitant BA repair was
also routinely performedwith theDBT
reconstruction91.

Rehabilitation
Our standardized rehabilitation proto-
col for a routineDBTrepair immobilizes
the arm with a cast for 10 to 14 days.
Once the wounds are healed, the cast is
removed, and a simple collar and cuff are
used for protection. Passive range of
motion is allowed, avoiding terminal
extension. After 6weeks, active flexion is
permitted, and after 12 weeks, resisted
strengthening is allowed. A modified
protocol with extended milestones is
used for chronic repairs with tight tissue
or poor tissue quality as well as for graft
reconstructions. There are no special

considerations for concomitant BA and
DBT repair. An example of our detailed
rehabilitation protocol is presented in
the Appendix.

Overview
An improved understanding of the
multifactorial etiology, mechanisms,
and pathophysiology of DBT ruptures
has led to many improvements in early
diagnosis and better anatomic repair and
reconstruction techniques. Many areas
still warrant further investigation. For
example, studies clarifying the use of
ultrasonography andMRIwith regard to
their possible effect on cost and delay in
diagnosis and treatment are needed.
Clinical investigation regarding novel
techniques is also required to improve
operative outcomes in order to achieve
maximum recovery and patient satis-
faction after surgery, while minimizing
the risk of complications. Newer tech-
niques may go against conventional or
prevalent thinking despite clinical evi-
dence indicating otherwise (e.g., BA
repair32,65,91 or the use of flexible
instrumentation96,97).

Source of Funding
No funding was received for this study.

Appendix
Supporting material provided by the
authors is postedwith theonline versionof
this article as a data supplement at jbjs.org
(http://links.lww.com/JBJSREV/A714).
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