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Background: Patients with ruptures of the distal biceps brachii tendon (DBBT) have traditionally been treated via surgical repair,
despite limited patient data on nonoperative management.

Purpose/Hypothesis: To determine the clinical and functional outcomes for patients with partial and complete DBBT injuries
treated nonoperatively or surgically through an anatomic single-incision technique. We hypothesized that there would be no dif-
ference in outcomes in patients treated with nonoperative or operative management.

Study Design: Cohort study; Level of evidence, 3.

Methods: A retrospective chart review identified all patients with a partial or complete DBBT injury sustained between 2003 and
2017. Surgically treated patients underwent DBBT repair using an anatomic single-incision technique. Nonoperative management
consisted of formal physical therapy. The following clinical outcome measures were included for analysis: American Shoulder and
Elbow Surgeons (ASES) score; the Disabilities of the Arm, Shoulder and Hand (DASH) upper extremity patient questionnaire; the
Single Assessment Numeric Evaluation (SANE) score; and the 36-Item Short Form Health Survey.

Results: A total of 60 patients (mean ± SD age, 47.8 ± 11.5 years; range, 18-70 years) sustained DBBT ruptures (38 complete and
22 partial) during the study period. Of patients with complete DBBT, 34 were treated operatively and 4 nonoperatively; of those with
partial DBBT, 11 were treated operatively and 11 nonoperatively. At a mean follow-up of 5.4 ± 4.0 years (range, 0.5-16.6 years),
patients with complete DBBT ruptures achieved overall similar improvements with respect to mean ASES pain, ASES function,
SANE, and DASH scores, regardless of whether they were treated operatively or nonoperatively. Subjective satisfaction and
functional scores were comparable between the groups. Similarly, at a mean follow-up of 4.1 ± 3.8 years (range, 0.5-11.3 years),
patients with partial DBBT injuries had improved mean ASES pain, ASES function, SANE, and DASH scores, regardless of
operative or nonoperative treatment. Subjective satisfaction and functional scores were comparable between these groups. For
those treated surgically, 5 patients (11.1%) sustained a surgical postoperative complication.

Conclusion: In our case series, patients were able to achieve satisfactory outcomes regardless of whether they were treated
nonoperatively or with an anatomic single-incision approach for complete or partial DBBT ruptures.

Keywords: distal biceps tendon tears; distal biceps tendon; single incision; clinical outcomes; elbow

Complete ruptures of the distal biceps brachii tendon
(DBBT) are relatively infrequent injuries, with a reported
incidence as low as 1.2 per 100,000 per year.22 Although
accounting for only 2% to 3% of all biceps tendon tears,
these injuries contribute to a significant decrease in supi-
nation and flexion strength as well as overall endur-
ance.19,22 In addition, patients may experience chronic

antecubital fossa pain with nonoperative care.30,31,32 Non-
ruptured pathologies span a wide spectrum and include
chronic tendon degeneration, bicipitoradial bursitis, and
partial tear conditions associated with repetitive activity
or microtrauma or without a traumatic event.

Complete ruptures of the DBBT typically occur in young
active men, particularly those with a history of tobacco
smoking and steroid use.27 While patients who have sus-
tained complete tears may benefit from surgical interven-
tion, low-demand or unhealthy patients may be better
suited for nonoperative treatment.4,8 Thus, when
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approaching patients with complete tears of the DBBT,
particularly in the acute setting, current orthopaedic liter-
ature overwhelmingly recommends surgical treatment,
despite only limited data being available for a nonoperative
approach.1,3,4,7,9,15,26 Various repair techniques have been
developed to match the structural properties of an intact
tendon, shedding light on the complexity of managing this
unique patient cohort.6,7,12,17,23,24,32 This places even more
importance on patient selection and surgeons’ choice of
optimal treatment.1,4,9 Additionally, the associated risks
of surgery, coupled with the published satisfactory out-
comes in patients treated nonoperatively, have opened the
door for nonoperative treatment in the setting of complete
and partial tears.§

In the current study, we sought to report on clinical and
functional outcomes in patients with partial and complete
DBBT injuries treated nonoperatively or surgically using
an anatomic single-incision approach. We hypothesized
that there would be no difference in outcomes in patients
treated with nonoperative or operative management.

METHODS

Patient Selection

A retrospective chart review was performed to identify all
patients with complete or partial DBBT injuries. All cases
were obtained from the practice of a shoulder and elbow
fellowship–trained surgeon (A.D.M.) between November
2003 and December 2017. Institutional review board
approval was obtained before initiation of the study. Inclu-
sion criteria consisted of patients aged �18 years with a
complete or partial DBBT rupture that was managed non-
operatively or via operative fixation. Patients were
excluded if they had undergone revision surgery or sus-
tained concomitant fractures other than avulsion fractures
of the tendon, as this could confound postoperative pain and
outcomes. Likewise, they were excluded if they were repre-
sentative of a vulnerable population (eg, incarcerated, a
patient in a substance abuse facility) potentially subjected
to different constraints that could affect their outcomes,
follow-up, or ability to make voluntary decisions with
respect to research participation.

The decision to pursue operative or nonoperative man-
agement is a highly individualized and multifactorial deci-
sion, influenced in part by patient factors including activity
level, symptom severity, medical history, ability to comply

with nonoperative or operative protocols, and patient
desires.

Nonoperative Treatment

Nonoperative management included a shoulder sling for
comfort (for 2-4 weeks) and formal physical therapy to
encourage wrist and elbow strength, specifically elbow
supination and flexion. All patients attended a minimum
of 1 physical therapy session before completing an individ-
ual home exercise program. Patients were encouraged to
take nonsteroidal anti-inflammatory medications to assist
with pain control and swelling and to return to activity as
tolerated when the pain and symptoms subsided. Particu-
lar exercises and progression and duration of therapy are at
the discretion of the physical therapist and based on patient
symptoms. As such, the variability in terms of physical
therapists and locations, combined with the limited avail-
able data that exist as a result of the retrospective nature of
the current study, makes conclusions about interval follow-
up and types of strengthening exercises difficult.

Surgical Technique

All patients receiving surgery underwent an anatomic
single-incision DBBT repair using a combined soft tissue
button and biotenodesis interference screw fixation, as pre-
viously described.18,28 Briefly, the patient was placed in a
supine position on the operating table. The operative
extremity was set on a hand table in a maximally abducted
position to allow for easy fluoroscopic access during the
procedure. A single anterior transverse incision was
marked approximately 3 finger widths (3-4 cm) distal to the
antecubital fossa. Typically, this incision is roughly
two-thirds the width of the forearm and can be extended
medially or laterally if increased exposure to the radial
tuberosity is desired. Blunt dissection was carried out to
the level of the avulsed end of the biceps tendon, with cau-
tion taken to preserve the lateral antebrachial cutaneous
nerve. Once the tendon stump was identified, it was traced
proximally to its muscle belly and released circumferen-
tially to allow for increased tendon mobilization. If a partial
tear of the distal biceps was visualized, the tear was com-
pleted and pulled through the incision at this time
(Figure 1A). To do so, a traction suture is placed into the
myotendinous junction of the distal biceps (Figures 1B and
2A), and the damaged portion of the tendon is resected.

The remaining tendon sheath was followed to the level of
the radial tuberosity. Forearm hypersupination allowed for
protection of the posterior interosseous nerve by positioning§References 5, 9, 10, 12, 14–16, 19, 21, 23.
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it under the supinator muscle and rotating the tuberosity to
expose more of the footprint. To better visualize the radial
tuberosity, a wide blunt Hohmann retractor could be placed
ulnarly and an Army-Navy retractor radially. With ade-
quate exposure now achieved, the tendon stump was pre-
pared for reinsertion. With the tendon tensioned using an
Alice clamp, any degenerative tissue emanating from the
torn tendon end was removed with Mayo scissors or a skin
knife. Tendon length was evaluated to ensure that reduction
of the interval was possible. The tendon was stitched on both
sides approximately 2.5 cm proximally using locking Kra-
kow stitches. A second nonabsorbable suture was placed

centrally in a locking Krakow fashion to facilitate insertion
of the cortical button.

Next, an 8 � 12–mm soft tissue button, either an Endo-
Button (Smith & Nephew) or a Suture Button (Arthrex)
(Figure 2, B and C), was secured to the tendon. A 3.2-mm
guide pin was then drilled unicortically through the radial
tuberosity with the forearm hypersupinated to facilitate
placement of the biotenodesis screw (Arthrex). Positioning
was confirmed under fluoroscopy. A cannulated reamer was
drilled unicortically over the guide wire. The guide wire was
removed and drilled through the second cortex at an ulnar
angle to protect the posterior interosseous nerve and more
anatomically fix the tendon to its insertion site. The button
was passed through both cortices and the sutures alterna-
tively tensioned to flip the button. Once appropriately posi-
tioned under fluoroscopy, the sutures were tied down.

Last, an interference screw was inserted (8 � 12 mm;
PEEK; Arthrex) into the radial side of the bone tunnel to
push the tendon ulnarly. The suture limbs were tied down
over the top of the screw, and the ends were trimmed to an
appropriate length. The deep and superficial components to
the wound were closed (Figures 2D and 3), and the elbow
was splinted at 90� of flexion and full supination.

Postoperative Rehabilitation

The postoperative splint was replaced with a compression
sleeve 3 to 5 days after surgery. Rehabilitation therapy
started 1 week after surgery with gentle active motion,
including pronation, supination, flexion, and extension.
After 2 to 3 weeks, the patient was allowed to resume activ-
ities of daily living as tolerated. After 4 weeks, patients
were allowed to resume normal activity and were advised
to avoid excessive elbow flexion against resistance for 2 to 3
months after surgery. In addition, any strengthening exer-
cises were prohibited for 12 weeks after surgery.

Clinical Outcome Measures

Clinical outcome measures included the American Shoul-
der and Elbow Surgeons (ASES) and the Disabilities of the

Figure 1. (A) A single anterior incision was made over the
elbow joint, and blunt dissection was carried out down to the
level of the avulsed end of the biceps tendon (blue arrow,
partial tear). (B) If a partial tear was encountered, the tear was
completed.

Figure 2. (A) A traction suture was placed into the myotendi-
nous junction of the distal biceps. (B) Preparing of the drill
hole (blue arrow). (C) A 4 � 12–mm soft tissue button, either
an EndoButton (Smith & Nephew) or a Suture Button (Arthrex)
was secured to the tendon. The button was passed through
both cortices and the sutures alternatively tensioned to flip
the button. Once appropriately positioned under fluoroscopy,
the sutures were tied down. (D) Last, a unicortical biotenod-
esis screw was placed into the radial side of the bone tunnel
to push the tendon ulnarly.

Figure 3. Radiographs taken immediately postoperatively to
ensure the correct anatomic placement of the tendon. (A)
Anteroposterior external oblique view (in external rotation).
(B) Anteroposterior medial oblique view (in internal rotation).
(C) Lateral view.
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Arm, Shoulder and Hand (DASH) upper extremity patient
questionnaire.33 Patient satisfaction assessment included
the 36-Item Short Form Health Survey (Physical and Men-
tal Component Summary scores).31 As preoperative out-
come scores were not available for patients who
underwent nonoperative treatment, they were collected at
only the final visit. A Single Assessment Numeric Evalua-
tion (SANE) score and the DASH upper extremity patient
questionnaire were also obtained at terminal follow-up.20,33

The SANE score was available only for patients treated
surgically.

Functional Outcome Measures

Secondary outcome measures included range of motion,
specifically active extension, flexion, supination, and pro-
nation. All range of motion measurements were recorded by
the same evaluator (A.D.M.) using a goniometer.

Statistical Analysis

Descriptive statistics, including mean and standard devia-
tion as well as median, were calculated to characterize the
patient groups. Patients were grouped according to injury
severity (complete vs partial) and treatment (operative vs
nonoperative). Given the small group sizes for some com-
parisons, the Wilcoxon rank-sum test was used to examine
differences in clinical outcome scores. P <.05 was set to be
statistically significant. All analyses were performed with
Stata statistical software (Version 15; StataCorp).

RESULTS

Patients

A total of 115 patients undergoing treatment for complete or
partial DBBT rupture between November 2003 and Decem-
ber 2017 were identified. Of these patients, 69 (1 woman)

sustained a complete tear of the DBBT and 46 patients
(4 women), a partial tear (Figure 4). Patients were 47.8 ±
11.5 years old (mean ± SD) at the time of injury and had a
mean follow-up of 5.0 ± 4.4 years (range, 0.5-16.6 years).
Patient demographics are demonstrated in Table 1. There
was no statistically significant difference in age, sex, or
follow-up between patients with complete and partial tears.

Clinical Outcome Scores

Clinical outcome scores were available for 60 patients
(52.2%). Thus, 38 patients (33.0%) and 22 patients
(19.1%) who required treatment for complete and partial
DBBT tears were included, respectively. Patient descrip-
tions are displayed in Table 2.

Complete DBBT Tears

At a mean follow-up of 5.4 ± 4.0 years, patients who
underwent operative treatment for complete DBBT inju-
ries achieved an ASES pain score of 40.4 ± 12.1, an ASES
function score of 45.6 ± 8.3, a SANE score of 93.6 ± 6.8, and
a DASH score of 3.4 ± 5.5, all of which were statistically

Figure 4. Flowchart displaying patient selection for study inclusion.

TABLE 1
Patient Demographics of All Patients (N ¼ 115)

No. (%) or Mean ± SD (Range)

Sex
Male 109 (94.8)
Female 6 (5.2)

Age, y 47.8 ± 11.5
Follow-up, y 5.0 ± 4.4 (0.5-16.6)
Right side 58 (50.4)
Dominant hand 65 (56.5)
Injury pattern

Partial tear 46 (40.0)
Complete tear 69 (60.0)
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significant improvements as compared with preopera-
tively (P < .01). Similarly, patients who opted for nonop-
erative treatment (follow-up, 13.2 ± 2.4 years) achieved
similar scores for ASES pain (48.0 ± 4.0), ASES function
(44.1 ± 11.8), and DASH (2.1 ± 1.8) (Table 3, Figures 5 and
6). Mean subjective satisfaction, including Physical and
Mental Component Summary scores, was comparable
between the groups (Table 4).

Partial DBBT Tears

At a mean follow-up of 4.1 ± 3.8 years, patients who under-
went operative treatment for partial DBBT injuries
achieved an ASES pain score of 42.5 ± 10.1, an ASES func-
tion score of 46.6 ± 3.3, a SANE score of 94.2 ± 5.9, and a
DASH score of 5.2 ± 8.6, which were found to be statistically
significant improvements as compared with preoperatively
(P < .01). Similarly, patients who opted for nonoperative
treatment (follow-up, 2.2 ± 2.9 years) achieved similar
scores in ASES pain (34.4 ± 16.0), ASES function (47.7 ±
4.7), and DASH (4.8 ± 6.5) (Table 3, Figures 5 and 6). Mean
subjective satisfaction, including Physical and Mental
Component Summary scores, was comparable between the
groups (Table 4).

Patients who underwent successful nonoperative treat-
ment for complete DBBT injuries achieved similar active

flexion (126.5 ± 5.9 vs 127.9 ± 8.0), extension (0.5 ± 1.5 vs 0.0
± 0.0), supination (88.9 ± 2.6 vs 90.0 ± 1.4), and pronation
(87.8 ± 6.6 vs 75.8 ± 11.6) as compared with those who
underwent operative treatment, respectively.

Surgical Complications

Five patients (11.1%) had complications after surgical
treatment of complete or partial DBBT ruptures. By injury
type, 2 patients with partial tears had neurologic symptoms
of the lateral antebrachial cutaneous nerve, which did not
require further treatment and resolved with time. One
patient required revision surgery (for rerupture) via the
use of an Achilles allograft to repair the ruptured biceps.

TABLE 3
Clinical Outcome Measures at Last Follow-upa

Complete DBBT Tears
(n ¼ 38)

Partial DBBT Tears
(n ¼ 22)

Operative
(n ¼ 34)

Nonoperative
(n ¼ 4)

Operative
(n ¼ 11)

Nonoperative
(n ¼ 11)

SANE 93.6 ± 6.8 NA 94.1 ± 5.9 NA
DASH 3.4 ± 5.5 2.1 ± 1.8 5.2 ± 8.6 4.8. ± 6.5

aData are reported as mean ± SD. DASH, Disabilities of the
Arm, Shoulder and Hand; DBBT, distal biceps brachii tendon;
NA, not available; SANE, Single Assessment Numeric Evaluation.

Figure 5. Mean ASES scores for DBBT ruptures treated oper-
atively. Error bars indicate SDs. *Statistically significant
improvement (P < .05) when compared with preoperative
score. ASES, American Shoulder and Elbow Surgeons; DBBT,
distal biceps brachii tendon; Postop, postoperative; Preop,
preoperative.

TABLE 2
Descriptive Data of Patients Included in Final Data Analysisa

Complete DBBT Tears (n ¼ 38) Partial DBBT Tears (n ¼ 22)

Operative (n ¼ 34) Nonoperative (n ¼ 4) Operative (n ¼ 11) Nonoperative (n ¼ 11)

Sex
Male 34 4 11 9
Female 0 0 0 2

Right side 18 3 4 4
Dominant hand 20 3 7 6
Age, y 47.5 ± 10.3 58.5 ± 8.9 46.8 ± 8.4 39.5 ± 16.1
Follow-up, y 5.4 ± 4.0 (0.5-16.6) 13.2 ± 2.4 (0.5-16.0) 4.1 ± 3.8 (0.5-11.3) 2.2 ± 2.9 (0.5-9.7)
Time from injury to surgery, mo 1.2 ± 1.2 NA 8.1 ± 12.0 NA
High-demand labor worker 7 2 5 7
Returned to work (preinjury level) 30 4 8 8

aData are reported as No. or mean ± SD (range). DBBT, distal biceps brachii tendon; NA, not available.

The Orthopaedic Journal of Sports Medicine Operative and Nonoperative Treatment of Distal Biceps Brachii 5



Of the patients with complete DBBT tears, 2 had postop-
erative neurologic symptoms of the lateral antebrachial
cutaneous nerve, which also resolved with time.

DISCUSSION

The most important finding of this study was that patients
with complete and partial DBBT ruptures treated opera-
tively and nonoperatively maintained satisfactory func-
tional outcomes at final follow-up. In addition, when
using the presented anatomic single-incision approach,
major postoperative complication rates were low, which is
consistent with current literature.2

Complete DBBT tears typically occur in young, active
laborers who undergo large eccentric loading to a fixed
elbow, whereas partial DBBT tears may present more dis-
creetly and without a well-defined injury.16,30,32 When
DBBT ruptures are approached nonoperatively, a loss of
21% to 55% in supination strength, 79% of supination
endurance, 10% to 40% of flexion strength, and 30% of flex-
ion endurance might be expected.12,19,29 However, the mag-
nitude of this may not be fully appreciated by a young,
sedentary individual or an elderly patient with significant
comorbidities.12 The clinical relevance of losing flexion and
supination strength and endurance might be overesti-
mated, as patients (except for high-demand manual work-
ers) may not require surgical repair to restore strength and
endurance. Furthermore, the high complication rate
reported in the current literature associated with operative
treatment calls into question the superiority of operative
versus nonoperative approaches.1,6,7,12,14 As such, the opti-
mal treatment for complete and partial DBBT ruptures
remains controversial,1,3-5,7-9,12,15,16 with some evidence
suggesting favorable outcomes in low-demand or unhealthy
patients treated nonoperatively.4,8 This is supported by the
current study wherein patients with complete and partial
DBBT ruptures treated operatively and nonoperatively
maintained satisfactory clinical and functional outcomes
at final follow-up. However, the majority of patients pre-
senting with complete or partial DBBT tears still opt for
operative treatment, which may be inherent to a subse-
quent Popeye deformity and cosmetic reasons, rather than
true functional deficit.

For partial tears, initial intervention includes a period of
bracing, rest, and physical therapy,4,5 particularly when
the lacertus fibrosus is intact (Figure 7), for example, which
may lend itself to decreased functional deficits.1,25 Still, in
cases of tears refractory to nonoperative management,
operative intervention remains a viable option.3-5 To that
end, a spectrum of repair techniques has been described for
DBBT ruptures, reflecting the incertitude of how to best
address this injury6,7,12,17,23,24,32 and that nonoperative
management may be reasonable for partial and complete
tears.5,9,10,12,14-16,19,21,23 However, for partial or complete
DBBT tears that are approached operatively, Mazzocca
et al24,28 demonstrated that surgical treatment should
attempt to anatomically repair the DBBT to the ulnar
aspect of the radial tuberosity to increase biomechanical

Figure 6. Mean clinical outcomes scores at latest follow-up.
Error bars indicate SDs. ASES, American Shoulder and Elbow
Surgeons; DASH, Disabilities of the Arm, Shoulder and Hand;
DBBT, distal biceps brachii tendon.

TABLE 4
Patient Satisfaction for Complete and Partial DBBT Tearsa

Complete DBBT Tears (n ¼ 38) Partial DBBT Tears (n ¼ 22)

SF-36 Health Component Operative (n ¼ 34) Nonoperative (n ¼ 4) Operative (n ¼ 11) Nonoperative (n ¼ 11)

Physical
Preoperative 44.4 ± 8.5 NA 44.8 ± 10.7 NA
Last follow-up 49.0 ± 9.9 48.7 ± 11.7 51.3 ± 10.5 49.0 ± 8.8

Mental
Preoperative 54.1 ± 11.1 NA 51.6 ± 7.7 NA
Last follow-up 53.2 ± 8.6 53.4 ± 10.3 48.9 ± 8.6 55.2 ± 5.8

aData are reported as mean ± SD. DBBT, distal biceps brachii tendon; NA, not available; SF-36, 36-Item Short Form Health Survey.
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strength for supination. Additionally, by using the pro-
posed technique, posterior interosseous nerve or lateral
antebrachial cutaneous nerve injuries may be reduced. All
of the patients having neural affection experienced full
recovery; thus, none of them required further intervention.
Another advantage of this technique is that patients can
initiate postoperative rehabilitation exercises 1 week post-
surgically and ultimately transition to the normal activities
of daily living at just 2 weeks. As such, range of motion is
not compromised postoperatively or at the expense of the
repair integrity itself. Subsequently, just 1 patient had
reported a postoperative rupture requiring revision sur-
gery. Furthermore, the current study uniquely showcases
the clinical outcomes and natural history of partial and
complete distal biceps tendon tears as they pertain to non-
operative and operative management.

Comparing the results from this study with published
data is challenging given the lack of generally accepted
standards for follow-up9 and the small sample sizes12 found
in current literature. For partial DBBT tears, Bain et al3

reported favorable outcomes with 100% return to normal
activities and restoration of muscle strength and normal
range of motion in patients treated with a single anterior
incision and internal button fixation. Others have advo-
cated for satisfactory outcomes in those patients with par-
tial distal biceps ruptures treated with suture anchors,
although this may be at the expense of slight active elbow
extension loss.11 Dürr et al13 demonstrated that nonopera-
tive treatment in the form of 2 weeks of immobilization and
subsequent physical therapy was successful in patients
with tears <50% of the insertion. Total functional recovery
was achieved in cases refractory to nonoperative manage-
ment for which tendon reinsertion was carried out.13 Still,
it can be difficult to determine what percentage of the ten-
don is affected preoperatively. In such cases, surgical treat-
ment is preferred, regardless of the amount of damage.

For complete DBBT, the literature overwhelmingly
recommends surgical treatment, despite only limited data
being available for a nonoperative approach.1,3,4,7,9,15,26 In
general, depending on the surgical technique, outcomes are
satisfactory to excellent,6,17,21,23,29,32 with low complication
rates expected.2,12

There are several limitations to the study. First, the ret-
rospective study design prohibits a randomized comparison
and lends itself to potential selection bias. Moreover, a con-
siderable number of patients did not meet study criteria or
were lost to follow-up. This may be due in part to a subset of
patients who clinically progressed to the point where fur-
ther follow-up to see their surgeon (or vice versa) was not
felt to be necessary. Still, this is a potential source for trans-
fer bias. Third, minimum follow-up in the current study
design was only 6 months, and there were no equal num-
bers of patients between groups, possibly influenced by the
current literature’s portrayal of surgical treatment of
DBBT ruptures as the gold standard. Furthermore,
cosmesis, rather than true functional deficit, may be a
reason to pursue surgical intervention. Additionally,
comparing the results using statistical tests between the
nonoperative and surgical groups was not possible
because of the small sample size of the nonoperative
group. Last, the current data set does not include strength
testing or power analyses.

CONCLUSION

In our cohort, patients treated nonoperatively or surgically
via an anatomic single-incision approach for complete or
partial ruptures of the DBBT achieved satisfactory results
at final follow-up.
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13. Dürr HR, Stäbler A, Pfahler M, Matzko M, Refior HJ. Partial rupture of

the distal biceps tendon. Clin Orthop Relat Res. 2000;374:195-200.

14. Ford SE, Andersen JS, Macknet DM, Connor PM, Loeffler BJ, Gaston

RG. Major complications after distal biceps tendon repairs: retro-

spective cohort analysis of 970 cases. J Shoulder Elbow Surg.

2018;27(10):1898-1906.

15. Freeman CR, McCormick KR, Mahoney D, Baratz M, Lubahn JD.

Nonoperative treatment of distal biceps tendon ruptures compared

with a historical control group. J Bone Joint Surg Am. 2009;91(10):

2329-2334.

16. Giacalone F, Dutto E, Ferrero M, Bertolini M, Sard A, Pontini I. Treat-

ment of distal biceps tendon rupture: why, when, how? Analysis of

literature and our experience. Musculoskelet Surg. 2015;99(suppl 1):

S67-S73.

17. Grewal R, Athwal GS, MacDermid JC, et al. Single versus double-

incision technique for the repair of acute distal biceps tendon rup-

tures: a randomized clinical trial. J Bone Joint Surg Am. 2012;94(13):

1166.

18. Heinzelmann AD, Savoie FH 3rd, Ramsey JR, Field LD, Mazzocca AD.

A combined technique for distal biceps repair using a soft tissue

button and biotenodesis interference screw. Am J Sports Med.

2009;37(5):989-994.

19. Hetsroni I, Pilz-Burstein R, Nyska M, Back Z, Barchilon V, Mann G.

Avulsion of the distal biceps brachii tendon in middle-aged popula-

tion: is surgical repair advisable? A comparative study of 22 patients

treated with either nonoperative management or early anatomical

repair. Injury. 2008;39(7):753-760.

20. Hudak PL, Amadio PC, Bombardier C, et al. Development of an upper

extremity outcome measure: the DASH (Disabilities of the Arm, Shoul-

der, and Head). Am J Ind Med. 1996;29(6):602-608.

21. Kelly EW, Steinmann S, O’Driscoll SW. Surgical treatment of partial

distal biceps tendon ruptures through a single posterior incision. J

Shoulder Elbow Surg. 2003;12(5):456-461.

22. Kelly MP, Perkinson SG, Ablove RH, Tueting JL. Distal biceps tendon

ruptures: an epidemiological analysis using a large population data-

base. Am J Sports Med. 2015;43(8):2012-2017.

23. Kodde IF, Baerveldt RC, Mulder PGH, Eygendaal D, van den Bekerom

MPJ. Refixation techniques and approaches for distal biceps tendon

ruptures: a systematic review of clinical studies. J Shoulder Elbow

Surg. 2016;25(2):e29-e37.

24. Mazzocca AD, Burton KJ, Romeo AA, Santangelo S, Adams DA,

Arciero RA. Biomechanical evaluation of 4 techniques of distal biceps

brachii tendon repair. Am J Sports Med. 2007;35(2):252-258.

25. Otto A, Mehl J, Obopilwe E, et al. Biomechanical comparison of onlay

distal biceps tendon repair: all-suture anchors versus titanium suture

anchors. Am J Sports Med. 2019;47(10):2478-2483.

26. Ramsey ML. Distal biceps tendon injuries: diagnosis and manage-

ment. J Am Acad Othop Surg. 1999;7(3):199-207.

27. Safran MR, Graham SM. Distal biceps tendon ruptures: incidence,

demographics, and the effect of smoking. Clin Orthop Rel Res.

2002;404:275-283.

28. Sethi P, Obopilwe E, Rincon L, Miller S, Mazzocca A. Biomechanical

evaluation of distal biceps reconstruction with cortical button and

interference screw fixation. J Shoulder Elbow Surg. 2010;19(1):53-57.

29. Stoll LE, Huang JI. Surgical treatment of distal biceps ruptures.

Orthop Clin North Am. 2016;47(1):189-205.

30. Sutton KM, Dodds SD, Ahmad CS, Sethi PM. Surgical treatment of

distal biceps rupture. J Am Acad Othop Surg. 2010;18(3):139-148.

31. Ware JE, Kosinski M, Keller SD, et al. SF-36 Physical and Mental

Health Summary Scales: A User’s Manual. Health Institute; 1994.

32. Watson JN, Moretti VM, Schwindel L, Hutchinson MR. Repair tech-

niques for acute distal biceps tendon ruptures: a systematic review. J

Bone Joint Surg Am. 2014;96(24):2086-2090.

33. Williams GN, Gangel TJ, Arciero RA, Uhorchak JM, Taylor DC. Com-

parison of the Single Assessment Numeric Evaluation method and

two shoulder rating scales. Am J Sports Med. 1999;27(2):214-221.

8 Berthold et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 266
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 266
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


