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Background: Distal biceps tendon avulsions account for 3%-10% of all biceps ruptures. Treated nonoperatively, these injuries lead to a
loss of endurance, supination strength, and flexion strength compared with operative repair or reconstruction. Operative management of
chronic injury has classically been with graft tissue to augment the contracted muscle. We present our results for chronic distal biceps
avulsions secured with suture button through a single transverse incision in high flexion without the need for allograft augmentation.
Materials and Methods: This was a retrospective review of 20 patients with 21 injuries who underwent primary surgical repair of chronic distal
biceps tendon avulsions at an average of 10 weeks (range 4-42 weeks). All patients were treated with a single transverse incision with a suture
button armed with nonabsorbable no. 2 core sutures. Postoperatively patients were found to have 50°-90° flexion contracture. All patients were
placed in a simple sling postoperatively with gentle extension to gravity as tolerated immediately and no formal physical therapy. Patients were
surveyed regarding pre- and postoperative American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form (ASES) score,
visual analog scale (VAS) score, Mayo Elbow Performance Score (MEPS), Oxford Elbow Score (OES), and overall satisfaction. Range of motion
(ROM), flexion, and supination strength compared to the contralateral uninjured extremity were evaluated at final follow-up.

Results: Mean clinical follow-up was 26 months. All patients regained full ROM and 5/5 flexion and supination strength at final follow-up.
MEPSs were 100 for all responding patients compared with an average 47.5 preoperatively (P < .0001). The mean postoperative ASES score
was 97.2 compared with 41.9 preoperatively (P < .0001). Mean OESs pre- and postoperatively were 24.2 and 48, respectively (P < .0001).
The mean VAS score was 4.4 preoperatively and was reported as 0 by all patients at final follow-up (P < .0001). Two patients had transient
sensory radial nerve neuropathy, and 1 patient has persistent palsy. No synostoses occurred. Four patients reported supination fatigue post-
operatively compared with the uninjured extremity.

Conclusion: Given these results, we feel that chronic distal biceps tendon ruptures can be repaired successfully with a single incision using
suture button technique without the use of a graft. Though the flexion contracture is significant postoperatively, all patients regained full
ROM and had excellent postoperative functional outcome scores.

Level of Evidence: Level IV; Case Series; Treatment Study
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Distal biceps tendon avulsions are a relatively rare injury
of the upper extremity, accounting for between 3%-10% of
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injuries tend to occur at the tendon insertion on the bicipital
tuberosity of the radius.”**

The treatment of distal biceps tendon avulsions is
dependent on many variables, including time from injury,
patient comorbidities, baseline functional status, cosmesis,
expectations, and surgeon experience. Studies have shown
that these injuries treated nonoperatively are well tolerated in
low-functioning individuals; however, previous studies
demonstrated that nonoperative treatment leads to a loss of
endurance, loss of 40%-50% of supination strength, and loss
of 30% of flexion strength compared with operative repair or
reconstmction.l(wﬂ,lll8,22,23,26,28,3(),33,35,42 A more recent
study did demonstrate that patients were able to regain 63%
of supination strength and 93% of flexion strength compared
with the contralateral uninjured side.'” In addition to the loss
of function, patients may complain of persistent discomfort,
muscle spasm, and “Popeye’” deformity.

Acute injuries are treated with early anatomic surgical
reattachment via a single- or a dual-incision approach with
the use of suture button technology, interference screw,
suture anchor, transosseous fixation, or some combination
of surgical methods. Surgical techniques and approaches
continue to be debated among surgeons, with each
technique carrying its own unique advantages and
complications, ' 10-11:17:20.25.29.39.90° A 9014 systematic
review of the different techniques used to repair distal
biceps tendons found that the cortical button technique had
the lowest complications rate.*’ Multiple biomechanical
studies have also evaluated various reattachment tech-
niques, and the suture button construct has reproducibly
demonstrated the greatest load to failure.'**’

Treatment of chronic injuries has been well described in the
literature as well and includes the use of allograft tendon tissue
to account for tendon retraction, larger or multiple incisions to
aid in tendon identification and clearance of soft tissue adhe-
sions, and nonanatomic tenodesis,®!>10:19:21:2431.35,37.43 e
use of allograft tendon brings about additional concerns such
as disease transmission, immunologic reaction, poor biologic
incorporation, appropriate graft tensioning, and up to a 10-fold
increase in implant cost. Nonanatomic tenodesis of the biceps
tendon to the brachialis or brachioradialis may improve flexion
strength but does not reliably improve supination weakness.

It has been our clinical experience that chronic distal bi-
ceps tendon avulsions can safely be directly repaired to the
anatomic insertion site through a single incision without the
need for allograft tissue. Postoperatively, no additional pre-
cautions are necessary, regardless of the final elbow flexed
positioning following repair and skin closure. There is a
currently a paucity of literature to support a similar protocol
of treatment with direct repair of chronic ruptures without the
use of supplementary allograft tissue.””*’*' This retro-
spective case series is a presentation of the clinical results of a
single upper extremity surgeon treating chronic distal biceps
injuries using a single transverse incision, primary repair in
significant flexion.

Materials and methods
Patients

This study is a retrospective case series with some prospectively
collected data points. Patients with chronic ruptures were included in
the study. Based on an extensive review of the related literature, we
defined chronic as 4 weeks’ time.””>*’ Our average time from injury to
treatment was 10 weeks, with a range of 4-42 weeks. Patients were
identified using a search of the electronic medical record using CPT
code 24342. Charts were reviewed for confirmation of time from injury
to surgery, length of follow-up, and strength and range of motion at the
time of final follow-up visit, and any perioperative complications. Data
were collected for completion of both preoperative and postoperative
American Shoulder and Elbow Surgeons Standardized Shoulder
Assessment Form scoring, Mayo Elbow Performance Score, Oxford
Elbow Score, and visual analog scale for pain at either final follow-up in
the office or via telephone survey.

Statistical analysis

The Student ¢ test was used to analyze the data given the para-
metric results. The 95% confidence level (P < .05) was chosen to
represent statistical significance. Minimal clinically important
difference values were chosen based on a review of the current
available literature for each individual test performed (Table I).

Surgical technique

All patients in this chronic repair group were repaired using a single
transverse incision technique with the retracted tendon secured
using a single suture button, EndoButton (Smith & Nephew, And-
over, MA, USA), armed with nonabsorbable no. 2 core sutures.
After general anesthesia is initiated, the operative extremity is
prepped and draped in a sterile fashion taking care to expose as far
proximally as possible. Sterile tourniquet is available on the field for
application. The transverse incision is made just distal to the elbow
crease, and dissection is carefully carried to the bicipital tuberosity.

Finger dissection is then carried proximally in the prior
anatomic pathway of the biceps tendon until the retracted tendon
stump is identified. In many cases, the tendon is significantly
retracted proximally and is scarred into the surrounding tissue,
making identification of the tendon stump difficult. To aid with
exposure, it is recommended that the subcutaneous tissue prox-
imal to the incision be undermined using blunt finger dissection as
far as the surgeon can reach. This allows the incision to become a
mobile window that can be then elevated with an Army-Navy
retractor, giving the surgeon improved visualization as well as the
ability to explore further proximally for the retracted tendon.
Although not necessary, a headlamp also can be useful at this
point to better visualize under the elevated tissue. After this
subcutaneous tissue is freed, bending the elbow to relax the ten-
sion on the skin and surrounding soft tissue will also aid in
proximal exploration. Once identified, it is important to spend
time circumferentially releasing all scar tissue and adhesions from
the tendon stump and as far proximally along the bicep as
possible. This will facilitate passage of the tendon and help reduce
the angle of the elbow required for the tendon to reach the tu-
berosity. The quality and length of the remaining tendon are then
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TableI  Minimal clinically important differences for outcome
measures

Test MCID
American Shoulder and Elbow Surgeons 20.9
Mayo Elbow Performance Score 15

Oxford Elbow Score 8.2
Visual analog scale 1.4

MCID, minimal clinically important difference.

evaluated, and nonviable tissue is débrided. For all patients in the
study undergoing repair, the use of allograft tissue was not
required. After débridement of nonviable tissue, 2 no. 2 nonab-
sorbable sutures are used in a running/locking configuration and
passed through a single suture button.

Attention is then returned to the biceps tuberosity, taking care
to avoid excessive retraction. A surgical clamp is placed under
direct visualization at the tuberosity and its location is confirmed
to be appropriate with the use of fluoroscopy. A cannulated 4.0-
mm drill is then used to create a bicortical path for the suture
button to pass. A larger, unicortical tunnel is created with a burr
based on the diameter of the residual tendon. The residual tendon
is then passed deep to the antecubital vessels in its prior anatomic
pseudo-sheath. The suture button is deployed followed by tendon
reduction into the re-created insertion site. A free needle is then
used to pass a locking stitch into the base of the reduced tendon.
This can be a difficult step with the elbow in significant flexion,
emphasizing the importance of liberating the tendon from adhe-
sions when the stump is found to decrease the amount of flexion
required. At this point in the procedure, the incision will be mobile
enough to provide exposure directly over the tuberosity. The
subcutaneous tissue is closed with 3 or 4 no. 3-0 Vicryl sutures to
minimize reactivity to the suture, and the skin is closed with
surgical staples. This eliminates the difficulty of passing a sub-
cuticular or running-type suture with the elbow in high flexion.

Postoperative care

Postoperatively, patients’ elbows were wrapped in a soft dressing
and placed into a standard sling. All patients were allowed to
remove the sling when in the sitting position to allow the elbow to
gently extend with gravity. Patients were encouraged to perform
gravity-assisted extension stretching several times per day.
Follow-up visits were scheduled at 1 and 2 weeks to monitor
elbow range of motion, including progression of elbow extension.
None of our patients underwent physical therapy for motion as we
feel that it is safer to let the patient monitor the safe extent of
motion and prevent iatrogenic rupture by an overzealous therapist.
Patients were then seen at the 6-week and 3-month postoperative
follow-ups, with strength training allowed after 3 months. If pa-
tients had fully regained motion at 3 months, they were allowed to
return to clinic on an as-needed basis.

Results

Between August 2007 and August 2016, the senior author
(C.Z.) performed 26 consecutive repairs of distal biceps

tendon avulsions using a single-incision technique secured
with a suture button construct. Of these, 21 repairs were
chronic avulsions performed on 20 patients. The 5 acute
repairs were not included in the study. Chronic patients
were treated at an average 10 weeks (range 4-42 weeks)
from the time of injury. None of the patients in our series
required a second, more proximal retrieval incision or
augmentation with allograft tissue. There were no cases of
partial tear included in this study, and although the presence
of an intact lacertus fibrosis was not specifically tracked, in
the majority of cases this was also torn. Patient de-
mographic characteristics and follow-up data are shown in
Table II. All of the patients were male, with a mean age of
52 years at the time of repair (range 37-63 years). The mean
length of final follow-up was 26 months, with no patients
lost to follow-up.

In all 21 cases, equivalent strength and range of motion
was obtained based on evaluation of the contralateral ex-
tremity. At the termination of each procedure, the final
elbow position was between 50°-90° after fixation of the
tendon stump. This was not individually measured or
tracked during each case. The average final elbow range of
motion was 3° (range 0°-10°) of extension, 132° (range
125°-150°) of flexion, 64° (range 55°-80°) of pronation,
and 71° (range 60°-90°) of supination.

The mean American Shoulder and Elbow Surgeons Stan-
dardized Shoulder Assessment Form scores pre- and post-
operatively were 42 and 97, respectively, and were found to be
statistically and clinically significant (P < .0001, ¢ test). Mean
Mayo Elbow Performance Score preoperatively was 48 and
postoperatively was 100, which were found to be both sta-
tistically and clinically significant (P < .0001, ¢ test). Oxford
Elbow Scores preoperatively and postoperatively were 24 and
48, respectively, which were both statistically and clinically
significant (P < .0001, ¢ test). Finally, mean visual analog
scale scores preoperatively and postoperatively were 4.5 and
0, respectively, which were statistically and clinically signif-
icant (P < .0001, £ test).

Complications

Complications in our cohort of patients included 2 transient
lateral antebrachial cutaneous neuropathies and 1 that was
persistent. One patient presented with subjective radial
forearm numbness prior to surgery and continued to have
persistent lateral antebrachial cutaneous neuropathy. This
accounts for a 14% incidence of neuropathy in these cases.
Because of this, we feel it is of utmost importance to
counsel patients about this possibility before surgery. The 2
patients who presented postoperatively with transient
lateral antebrachial cutaneous nerve paresthesias noted
complete resolution of symptoms at the 3-month post-
operative appointment. We did not encounter any cases of
elbow stiffness that required any formal treatment. We also
did not experience any reruptures, contractures, synostoses,
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Table II  Patient characteristics, range of motion at final clinical follow-up, and outcome measures

Patient Sex Laterality Age, Time to Follow-  Final ROM Pre Post Pre Post Pre Post Pre Post
No. yr  surgery, up, mo Range Pronation/ MEPS MEPS ASES ASES OES OES VAS VAS

weeks supination

1 M Right 48 4 117 0°-140° 80°/80° 75 100 63.3 96.6 28 48 0 0

2 M Left 52 12 98 0°-135°  60°/90° 25 100 23.3 98.3 24 48 8 0

3 M Left 37 7 6 0°-135°  60°/90° 55 100 51.6 98.3 28 48 3 0

4 M Left 52 11 6 5°-130° 70°/60° 75 100 63.3 96.6 28 48 0 0

5 M Right 63 7 60 10°-125° 60°/55° 40 100 21.6 96.6 19 48 6 0

5 M Left 63 6 60 10°-125° 35°/50° 40 100 21.6 96.6 19 48 6 0

6 M Left 62 5 22 5°-135°  60°/50° 25 100 18.3 96.6 17 48 8 0

7 M Left 51 4 31 0°-130° 55°/60° 50 100 43.3 98.3 30 48 6 0

8 M Right 60 8 6 0°-135°  70°/90° 25 100 18.3 98.3 24 48 8 0

9 M Right 45 16 26 0°-135°  60°/65° 75 100 78.3 96.6 28 48 0 0
10 M Left 47 7 5 5°-135°  60°/90° 75 100 749 96.6 32 48 0 0
11 M Left 55 20 16 0°-130° 60°/60° 55 100 55 98.3 22 48 3 0
12 M Right 53 4 5 5°-130° 70°/80° 25 100 18.3 96.6 25 48 8 0
13 M Left 38 6 13 0°-140°  60°/80° 40 100 41.6 96.6 21 48 6 0
14 M Right 42 12 5 5°-125°  70°/70° 40 100 21.6 98.3 19 48 6 0
15 M Left 60 4 13 0°-130° 60°/70° 40 100 41.6 96.6 21 48 6 0
16 M Right 62 4 9 10°-135° 65°/60° 40 100 36.6 98.3 21 48 6 0
17 M Right 38 4 5 0°-130° 80°/80° 55 100 58.3 98.3 24 48 3 0
18 M Left 44 6 3 0°-150° 80°/75° 75 100 63.3 98.3 28 48 0 0
19 M Left 58 24 25 5°-125°  60°/70° 25 100 18.3 96.6 24 48 8 0
20 M Right 58 42 24 0°-125° 70°/70° 50 100 433 96.6 24 48 4 0

M, male; ROM, range of motion; Pre, preoperative; MEPS, Mayo Elbow Performance Score; Post, postoperative; ASES, American Shoulder and Elbow
Surgeons Standardized Shoulder Assessment Form; OES, Oxford Elbow Score; VAS, visual analog scale.

infections, or motor nerve palsies in any of our patients,
though these potential issues must always be considered as
possibilities.

Discussion

Repair of distal bicep tendon ruptures with the use of suture
button technology has been repeatedly documented as an
excellent option for surgical management with the greatest
load to failure. Although this technology has been available
for years, there continues to be a lack of literature on the
amount of motion and function that can be regained after
primary repair with a significantly flexed final elbow po-
sition."” This has led to the development of many different
grafting and reconstruction techniques, including augmen-
tation with the use of fascia lata, semitendinosus, flexor
carpi  radialis, palmaris, Achilles, and other
synthetics,®!>10:19:21.24:31.37:43 Bach of these options carries
its own inherent potential for complications.

Multiple studies have evaluated the load to failure of
several fixation methods in the treatment of distal biceps
injuries. In a cadaveric study in 2003, Greenberg et al'*
evaluated the pullout strength of the EndoButton, suture
anchor, and bone bridge techniques. Their results demon-
strated a pullout strength of 584, 253, and 177 N, respec-
tively. They also reported on the average distance of

cortical button to the posterior interosseous nerve being 9.3
mm, highlighting the importance of understanding the local
anatomy and ensuring the tendon be placed at its footprint
at the level of the tuberosity. In a larger cadaveric study in
2007, Mazzocca et al’’ evaluated the tendon displacement
of 4 different fixation methods after cyclic loading and then
reported the ultimate loads to failure. Although they found
no significant difference in displacement, the loads to
failure of the EndoButton (440 N), suture anchor (381 N),
bone tunnel (310 N), and interference screw (232 N) were
significantly different.

In 2014, Morrey et al’” reported on their results of 23
retracted distal bicep tendon ruptures treated in greater than
60° of flexion via a 2-incision technique and a tendon
docking technique. Their study demonstrated that con-
tracted distal biceps tendons may be reliably reattached to
their anatomic insertion with up to 90° of elbow flexion.
Our study echoes their results: primary repair in flexed
position allows patients to regain motion and obtain an
excellent outcome. In their cohort, Morrey and colleagues
had one patient who required use of an Achilles allograft
augmentation secondary to a partial tear in the myotendi-
nous junction. In contrast, our cohort of patients did not
require the use of allograft augmentation. Their study
highlights the importance of assessing residual tendon
quality and having allograft backup available when per-
forming these chronic cases.
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There are several limitations of this study that must be
taken into consideration. One is the retrospective nature of
the project, though much of the data were collected in a
prospective manner throughout the treatment of these pa-
tients. Another limitation is the potential bias of the examiner
in evaluating strength during clinical examination. Addi-
tionally, there was no power analysis performed to determine
the number of patients needed to make this study generaliz-
able to the population. This may contribute to the lack of
patients in our cohort requiring allograft, though the primary
purpose of this project is to demonstrate that patients will
regain their motion regardless of the high flexion that they
may be repaired in. Future studies may consider the addition
of MRI to determine if there is a correlation of tendon
retraction to the need for allograft tissue augmentation.

Strengths of this study include the consistency in the
surgical technique with a single surgeon as well as a con-
stant protocol postoperatively. The study also has an
extensive follow-up on its patients, which helps narrow the
potential for missed or unappreciated late complications.

Conclusion

Chronic distal biceps tendon ruptures can be treated
safely without allograft tissue augmentation through a
single incision with suture button technology despite
being left in a position of high flexion. These patients
obtain excellent postoperative functional outcome scores
with a low complication rate and will regain their range
of motion with time and self-directed stretching.
Although our patient cohort did not require allograft
tissue, one must always be prepared to augment their
repair in the case of inadequate tendon for fixation.

Disclaimer

The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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