
ELBOW

Major complications after distal biceps tendon
repairs: retrospective cohort analysis of 970 cases
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Background: The major complication and reoperation rates after distal biceps repair are poorly defined.
The purpose of this large retrospective cohort study of distal biceps repairs performed by multiple sur-
geons within a large orthopedic group was to more clearly define the rates and risk factors of clinically
impactful major complications and reoperations.
Methods: All distal biceps tendon repairs performed from January 2005 through April 2017 with a minimum
2-month follow-up were identified using Current Procedural Terminology code 24342. We included 970
patients. The primary outcome measure was the total major complication rate. Reoperations, minor com-
plications, and risk factors were also tracked.
Results: Repairs were performed via a single anterior incision in 652 cases and a 2-incision exposure in
318 cases. A 7.5% major complication rate and 4.5% reoperation rate were observed overall. Major com-
plications occurred at the following rates: proximal radioulnar synostosis, 1.0%; heterotopic ossification
or loss of range of motion with reoperation, 0.9%; tendon rerupture, 1.6%; deep infection, 0.5%; poste-
rior interosseous nerve palsy, 1.9%; and complex regional pain syndrome, 0.6%. The 2-incision exposure
was identified as a significant risk factor for the development of proximal radioulnar synostosis when com-
pared with single-incision repair techniques (P = .0003; odds ratio, 19), occurring in 2.8% of 2-incision
exposure cases. Lateral antebrachial cutaneous nerve neuritis or numbness and radial sensory nerve neu-
ritis or numbness were documented more frequently in the postoperative period among patients treated
with a single-incision exposure (P < .0001 and P = .034, respectively).
Conclusions: Distal biceps repair is associated with a 7.5% major complication rate and 4.5% reoperation
rate. The use of a 2-incision technique for repair increases the risk of radioulnar synostosis.
Level of evidence: Level III; Retrospective Cohort Design; Treatment Study
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Repair of distal biceps tendon tears carries a high risk
because of the adjacent anatomy. Reported overall compli-
cation rates vary widely, ranging from 15%-36%.1,2,9,10 The
most common complication is sensory neuritis involving the
lateral antebrachial cutaneous nerve (LABCN) or radial sensory
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nerve (RSN), occurring at a combined rate of 6%-32% de-
pending on the series; these symptoms typically resolve with
conservative observation.2,4,8-11 The risk of major complica-
tions associated with distal biceps tendon repair is inadequately
defined by the existing literature because of inadequate power.
Prior to 2017, no series reporting complications after distal
biceps tendon repair had over 200 patients.2,9 Reported
rerupture rates also vary widely, ranging from 1.5%-5.4%
among small, single-institution series.2,4,8,9,14,15

On the basis of the existing literature, the risk factors for
postoperative sensory neuritis, tendon rerupture, and the need
for revision surgery are not well defined. Several series have
correlated the use of a single incision with higher compli-
cation rates, while multiple other studies have contradicted
these findings.2,8,10,11,13,15 Close examination of studies by Grewal
et al,8 Cain et al,2 and Shields et al13 shows that higher re-
ported total complication rates with a single incision can be
largely attributed to sensory neuropathies.6 The frequency of
less common major complications, including posterior in-
terosseous nerve (PIN) palsy, symptomatic heterotopic
ossification (HO), and proximal radioulnar synostosis, is not
well documented because of the small size of reported
series.1,2,4,5,7,9-11,15 The purpose of this large retrospective cohort
study of distal biceps repairs performed by multiple sur-
geons within a large orthopedic group was to more clearly
define the rates and risk factors of clinically impactful major
complications and reoperations.

Materials and methods

A retrospective comparative treatment study was conducted. A
query of patients surgically treated by multiple surgeons within a
large independent orthopedic group (with >100 surgeons) for distal
biceps tendon repair from January 2005 through April 2017 was gen-
erated using Current Procedural Terminology (CPT) code 24342 for
repair of ruptured distal biceps or triceps tendons. Patients were ex-
cluded from the study if they had less than 2 months of follow-up
unless a major complication or reoperation occurred, if their injury
was open, or if they underwent a distal triceps tendon repair. Chronic
tears that required reconstruction with graft augmentation, as well
as revision surgical procedures, were included.

The primary outcome variable was the development of a major
complication, which was defined as the occurrence of at least 1 of
the following: distal biceps tendon rerupture,2,4,8,9,14,15 deep infec-
tion requiring operative intervention, PIN palsy, proximal radioulnar
synostosis, symptomatic (painful or range of motion [ROM]–
limiting) HO, functional ROM loss treated with surgical intervention
(without HO), vascular injury, complex regional pain syndrome
(CRPS), or any other postoperative complication or sequela that re-
quired reoperation. The treating surgeon diagnosed distal biceps
tendon rerupture clinically, often confirming rerupture with mag-
netic resonance imaging, but no uniform criteria were used to test
patients for rerupture. Proximal radioulnar synostosis was defined
by the absence of pronosupination on clinical examination in com-
bination with radiographic evidence of bony bridging between the
proximal radius and ulna on plain radiographs or computed tomog-
raphy. This complication was defined as being distinctly separate
from nonbridging symptomatic HO, which may be subcutaneously

palpable, focally tender, or painful with ROM or may limit termi-
nal supination, pronation, flexion, or extension. Functional loss of
ROM with reoperation was separately defined as a limitation in
ulnohumeral motion in the absence of HO on radiographs. Deep in-
fection was defined by the clinical need for operative débridement
for infection control. PIN palsy was defined as focal weakness in
digital and/or wrist extension out of proportion with postoperative
weakness related to pain.

Secondary outcome measures included specific rates of major
complications and of clinically relevant minor complications, as well
as reoperation rates. Minor complications were recorded and in-
cluded LABCN and RSN paresthesia,2,4,8-11 postoperative cubital tunnel
syndrome, symptomatic (painful or ROM-limiting) HO without re-
peated operative intervention, and superficial infection not requiring
reoperation. Reasons for reoperation were recorded as an addition-
al secondary outcome measure. Sensory neuritis or numbness in the
LABCN or RSN distribution was considered clinically meaning-
ful (and included) if symptoms persisted beyond 2 postoperative
months.

The following variables were tracked as potential confounding
variables: patient age, history of tobacco use,12 sex, time from injury
to surgery, associated injuries (if any), use of postoperative HO
prophylaxis,3 and postoperative rehabilitation details. The use and
duration of postoperative rigid immobilization in a nonremovable
splint or cast were specifically noted. The subsequent use of a hinged
elbow brace or removable rigid elbow orthosis and its duration were
also noted. Particular attention was paid to the restriction of termi-
nal extension while in a hinged elbow brace and the time of initiation
of active elbow flexion.

Additional operative findings were tracked as potential predic-
tive variables. Tendon ruptures were classified either as full-
thickness tears of the tendon from the proximal radius or as partial
tears if attenuated or degenerative strands of the biceps tendon re-
mained in continuity with the radial tuberosity, given that mobilization
and scarring of a retracted full-thickness tear may predispose pa-
tients to a more adverse complication profile. The number of incisions
used for exposure of the repair or reconstruction site was tracked
as single, meaning an isolated anterior incision, or 2 incisions, in-
dicating the combined use of anterior and dorsal incisions over the
proximal forearm. Additional proximal incisions needed for biceps
tendon retrieval were not included in this distinction. Single ante-
rior incisions were recorded as either transverse or longitudinal if
a determination could be made based on the operative report. The
type of fixation was also recorded, including suture or a cortical button
in isolation, suture or a cortical button with the addition of an in-
terference screw, interference screw fixation alone, fixation with suture
anchor(s), or repair with sutures tied over bone tunnels. Revision
repairs were documented, and the use of autograft or allograft tendon
for reconstruction of a retracted distal biceps tendon was re-
corded. The fellowship training of the treating surgeon was categorized
as general (no fellowship), sports medicine, shoulder and elbow, or
hand surgery.

Postoperative rehabilitation was not standardized and followed
the preference of the treating surgeon. The formal distal biceps repair
protocol that some surgeons prescribed for postoperative rehabili-
tation centered on abstaining from active elbow flexion for the first
6 postoperative weeks. Under this protocol, passive, tension-free ROM
was advanced under a physical therapist’s supervision, often with
a brace in place to limit terminal extension. In addition, passive
forearm pronation and supination were only allowed with the elbow
in a position of 90° of flexion. After 6 weeks of progressive passive
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ROM exercises, the hinged elbow brace was discontinued and active
flexion was initiated; resisted active elbow flexion was only allowed
3 months after surgery.

Data were collected and stored in an electronic research data-
base (REDCap). Standard descriptive statistics were calculated and
reported, including measures of central tendency (mean or median)
and variance (standard deviation or interquartile range), as well as
frequencies and proportions. For bivariate analyses, the χ2 or Fisher
exact test was used for categorical data (eg, complications between
groups) to determine statistical differences. For continuous vari-
ables (eg, age), the Wilcoxon rank sum test was used to compare
differences between groups. All data were analyzed using SAS En-
terprise Guide (version 9.3; SAS Institute, Cary, NC, USA). No data
safety monitoring was necessary given the retrospective nature of
the study.

Results

In total, 1515 cases were identified during the sample period
using the single CPT code. After application of the afore-
mentioned exclusion criteria, a consecutive sample of 970 cases
was analyzed. We excluded 269 triceps tendon repairs, billed
under the same CPT code, owing to the wrong procedure. An
additional 12 patients were excluded after sustaining open
biceps tendon ruptures. Finally, 264 patients were excluded
because of incomplete records or inadequate follow-up. This
series included 956 primary repairs and 14 revisions. Repairs
were performed via a single anterior incision in 652 cases
and a 2-incision exposure in 318 cases. The average patient
age at the time of surgery was 49 years. Of the patients, 97.6%
were male and 2.4% were female patients. Median patient
follow-up was 3.8 months after surgery (minimum, 2 months;
mean, 5.6 months). Sex and patient age were not found to
correlate with the major complication, reoperation, or minor
complication rate.

Major complications and reoperations

The total major complication rate was 7.5%, with 73 total
major complications occurring. Individual major complica-
tions, displayed in Table I, occurred in raw frequencies
(percentages) within the cohort as follows: PIN palsy, 18
(1.9%); distal biceps tendon rerupture, 15 (1.5%); proximal
radioulnar synostosis, 10 (1.0%); symptomatic HO with
reoperation, 8 (0.8%); deep infection, 5 (0.5%); CRPS, 6
(0.6%); and loss of flexion-extension arc ROM with
reoperation, 4 (0.4%). Tendon reruptures occurred at a mean
of 48 ± 38 postoperative days (7 weeks) after surgery.

The overall reoperation rate was 4.5%, encompassing 44
reoperations, the indications for which are detailed in Table II.
For the 15 total reruptures in the cohort, 11 revision recon-
structions (1.1%) were performed; 4 patients did not undergo
revision. A total of 11 reoperations (1.1%) were performed
for symptomatic HO or functional ROM loss. As treatment
for the 10 patients with proximal radioulnar synostosis, 7 prox-
imal radioulnar synostosis takedown procedures (0.7%) were

performed; 2 patients did not undergo synostosis takedown,
and a third patient was lost to follow-up after diagnosis of
synostosis. All 5 patients in whom deep infections devel-
oped underwent operative débridement with or without
retention of implants or preservation of biceps tendon repair
at the discretion of the treating surgeon. Only 2 patients un-
derwent operative intervention for management of PIN palsy.
Two iatrogenic brachial artery lacerations occurred, both re-
quiring intraoperative vascular consultation and immediate
repair. Both patients recovered without long-term sequelae
due to vascular insult. Two patients who underwent a 2-incision
exposure required repeated operative intervention to repair
iatrogenic extensor mass fascial dehiscence related to the initial
exposure. A final 3 patients underwent 3 subsequent related
reoperations: postoperative hematoma evacuation, LABCN

Table I Major complication rates after distal biceps rupture
repair or reconstruction

Major complication n %

Distal biceps tendon rerupture 15 1.5
Deep infection 5 0.5
PIN palsy 18 1.9
Symptomatic HO with reoperation 8 0.8
Loss of ROM with reoperation 4 0.4
Proximal radioulnar synostosis 10 1.0
Complex regional pain syndrome 6 0.6
Brachial artery laceration 2 0.2
Fascial dehiscence with reoperation 2 0.2
Other 3 0.3
Total 73 7.5

PIN, posterior interosseous nerve; HO, heterotopic ossification; ROM, range
of motion.
The most common complications, in order of decreasing frequency, were
PIN palsy, tendon rerupture, and proximal radioulnar synostosis.

Table II Reoperation rates after distal biceps rupture repair
or reconstruction

Reoperation indication n %

Tendon rerupture 11 1.1
HO or range-of-motion loss 11 1.1
Proximal radioulnar synostosis 7 0.7
Deep infection 5 0.5
PIN palsy 2 0.2
Brachial artery laceration 2 0.2
Extensor mass fascial dehiscence 2 0.2
Persistent neuritis 1 0.1
Other 3 0.7
Total 44 4.5

HO, heterotopic ossification; PIN, posterior interosseous nerve.
Reoperations were most frequently performed for tendon rerupture, symp-
tomatic HO and/or range-of-motion loss, and proximal radioulnar
synostosis. Conversely, at the time of final follow-up, only 11% of pa-
tients with PIN palsy (2 of 18) had undergone reoperation, accounting
for most of the difference between major complication and reoperation
rates.
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neurolysis, and revision distal biceps reconstruction for per-
sistent pain and weakness without evidence of tendon
rerupture.

Regarding confounding variables, patient age, history of
tobacco use, sex, associated injuries (if any), and use of post-
operative HO prophylaxis were not found to correlate with
major complications or reoperations (Tables III and IV). Thirty
patients in total received perioperative HO prophylaxis, typ-
ically with indomethacin. Neither the major complication rate
nor the reoperation rate varied with increased delay between
injury and surgery (P = .67 and P = .97, respectively; Tables III
and IV).

With regard to operative variables, analyses of a single-
versus 2-incision approach, full versus partial tear morphol-
ogy, and fixation technique were performed. The use of a
single- versus 2-incision approach did not correlate with a
difference in the total major complication rate or reoperation
rate (Table V). However, the odds of proximal radioulnar syn-
ostosis formation was 18.9 times higher with the use of a
2-incision approach for repair than with a single incision for
exposure (95% confidence interval, 2.4-150.3; P = .0003). Only
1 case of proximal radioulnar synostosis occurred among
repairs performed with a single incision. Rates of symptom-
atic HO or ROM loss, tendon rerupture, and PIN palsy were
not found to differ between single- and 2-incision exposures.

Neither the type of tear (full vs partial) nor the fixation
method used was found to correlate with total major com-
plications, individual major complications, or reoperation rates
(Supplementary Table S1). The use of bone tunnels and suture
fixation was found to be associated with a higher rate of prox-
imal radioulnar synostosis (P = .0016; Table VI, Fig. 1).

Specifically, pair-wise comparisons with Bonferroni adjust-
ment for multiple tests indicated that the proximal radioulnar
synostosis incidence differed significantly between bone tunnel
fixation and fixation using a suture button with an interfer-
ence screw (P = .0217). Otherwise, fixation type was not found
to correlate with other specific major complications. More-
over, the addition of an interference screw to suspensory suture
button fixation (554 combined cases) was not associated with
a decrease in tendon rerupture incidence versus other fixa-
tion types. While 12 cases were completed with interference
screw fixation alone, no major complications occurred
in this group, and meaningful statistical comparisons with
other fixation types are of limited use given the small group
size.

At the discretion of the treating surgeon, 38 cases re-
quired allograft augmentation for reconstruction for subacute,
chronic, and/or revision tears. Allograft augmentation was re-
quired for reconstruction of the distal biceps tendon at a median
of 8.5 weeks (range, 3-34 weeks) after injury, as compared
with a 3-week median time interval between injury and surgery
(range, 1-5 weeks) among patients who did not require al-
lograft augmentation for repair (P < .001). On univariate
analysis, use of allograft was not associated with an in-
crease in major complication and reoperation rates (P > .99
and P = .253, respectively).

Minor complications

The total minor complication rate for the cohort was 21.5%,
consisting predominantly of postoperative sensory nerve

Table III Potential risk factors for major complications

Covariate Overall (n = 961) Stratified by major complication P value*

Yes (n = 70) No (n = 891)

History of tobacco use, n .577
Yes 350 (36.4%) 24 (34.3%) 326 (36.6%)
No 560 (58.3%) 44 (62.9%) 516 (57.9%)

Sex, n >.99
Female 23 (2.4%) 1 (1.4%) 22 (2.5%)
Male 938 (97.6%) 69 (98.6%) 869 (97.5%)

Associated injury, n >.99
Yes 21 (2.2%) 1 (1.4%) 20 (2.2%)
No 940 (97.8%) 69 (98.6%) 871 (97.8%)

Use of postoperative HO prophylaxis, n .460
Yes 30 (3.1%) 3 (4.3%) 27 (3.0%)
No 626 (65.1%) 43 (61.4%) 583 (65.4%)

Age at surgery, mean (SD), yr 49.1 (9.5) 49.6 (9.2) 49.0 (9.5) .648
Median time from injury to surgery (IQR), d 18.0 (10-39) 18.5 (10-53) 18.0 (10-38) .674

HO, heterotopic ossification; SD, standard deviation; IQR, interquartile range.
A history of tobacco use, sex, the presence of associated injuries or problems, the use of HO prophylaxis, age at the time of surgery, and the time in-
terval between injury and surgery were not found to correlate with major complications—overall and stratified by having had a major complication or
not (961 unique medical record numbers/sides – bilateral patients).
* P values were determined by either the χ2 or Fisher exact test for categorical variables, the Wilcoxon rank sum test for non-normally distributed nu-

merical variables, or a 2-sample pooled-variance t test for normally distributed numerical variables.

Major complications after distal biceps repairs 1901



symptoms in the LABCN (13.0%) or RSN (4.9%) distribu-
tions (17.9% combined, with 0.8% occurring in both;
Table VII). Other minor complications occurred at lower rates,
as detailed in Table VII. The odds of having a minor com-
plication was 1.4 times higher in patients who underwent distal
biceps repair more than 15 days after injury (95% confi-
dence interval, 1.1-2.0; P = .023). Regarding other potential
confounding variables, patient age, history of tobacco use,
sex, time from injury to surgery, associated injuries (if any),
and use of postoperative HO prophylaxis were not found to
correlate with total minor complication rates.

Both LABCN and RSN symptoms were more common in
patients treated with a single-incision technique (P < .0001
and P = .034, respectively), translating into a higher docu-
mented rate of overall minor complications after repair or
reconstruction using a single-incision technique (P < .0001;
Table VIII, Fig. 2). The total minor complication rate was found

to be higher for patients treated with a single longitudinal in-
cision versus a single transverse incision (32% vs 23%, P = .017;
Table VIII). However, with the number of cases within the
transverse and longitudinal subgroups available for review,
significant differences were not found for specific neurapraxia
types.

Postoperative rehabilitation

Overall, major complication, reoperation, and minor com-
plication rates were not impacted by prolonged rigid
immobilization. However, immobilization for longer than 28
postoperative days correlated with a higher incidence of prox-
imal radioulnar synostosis (P < .001, Supplementary Table
S2). Analysis of patients treated with a 2-incision tech-
nique, specifically, confirms this finding (P < .001).

Table IV Potential risk factors for reoperation

Covariate Overall (n = 961) Stratified by reoperation P value*

Yes (n = 47) No (n = 914)

History of tobacco use, n .599
Yes 350 (36.4%) 16 (34.0%) 334 (36.5%)
No 560 (58.3%) 30 (63.8%) 530 (58.0%)

Sex, n >.99
Female 23 (2.4%) 1 (2.1%) 22 (2.4%)
Male 938 (97.6%) 46 (97.9%) 892 (97.6%)

Associated injury, n .619
Yes 21 (2.2%) — 21 (2.3%)
No 940 (97.8%) 47 (100.0%) 893 (97.7%)

Use of postoperative HO prophylaxis, n
Yes 30 (3.1%) 2 (4.3%) 28 (3.1%)
No 626 (65.1%) 28 (59.6%) 598 (65.4%)

Age at surgery, mean (SD), yr 49.1 (9.5) 49.3 (9.6) 49.1 (9.5) .854
Median time from injury to surgery (IQR), d 18.0 (10-39) 17.0 (8-63) 18.0 (10-39) .970

HO, heterotopic ossification; SD, standard deviation; IQR, interquartile range.
A history of tobacco use, sex, the presence of associated injuries or problems, the use of HO prophylaxis, age at the time of surgery, and the time in-
terval between injury and surgery were not found to correlate with reoperations—overall and stratified by having had a reoperation or not (961 unique
medical record numbers/sides – bilateral patients).
* P values were determined by either the χ2 or Fisher exact test for categorical variables, the Wilcoxon rank sum test for non-normally distributed nu-

merical variables, or a 2-sample pooled-variance t test for normally distributed numerical variables.

Table V Major complication and reoperation rates by single- versus 2-incision exposure

Covariate No. of incisions, n P value Odds
ratio

95% CI

Two incisions (n = 318) Single incision (n = 652)

Major complication 28 (8.1%) 45 (6.9%) .292 1.3 0.8-2.1
Reoperation 20 (6.3%) 28 (4.3%) .179 1.5 0.8-2.7
Tendon rerupture 2 (0.6%) 13 (2.0%) .164 0.3 0.1-1.5
Proximal radioulnar synostosis 9 (2.8%) 1 (0.2%) .0003 18.9 2.4-150.3
PIN palsy 6 (1.9%) 12 (1.8%) .960 1.0 0.4-2.8

CI, confidence interval; PIN, posterior interosseous nerve.
No differences were observed, with the number of patients available, in total major complication or reoperation rates based on the number of incisions
used for exposure. The use of a 2-incision exposure strongly correlated with an increased incidence of proximal radioulnar synostosis (P = .0003; odds
ratio, 19).
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Other postoperative rehabilitation variables did not cor-
relate with differences in major complication, reoperation, or
minor complication rates. Specific variables examined in-
cluded initiation of active elbow flexion prior to 3 postoperative
weeks, hinged elbow brace or removable splint use for shorter
than 4 weeks, and use of a terminal-extension block func-
tion on a hinged elbow brace during progression of passive
extension. Early active elbow flexion (before 3 weeks), short
duration of hinged elbow brace or removable splint use (<4
weeks), and avoidance of a terminal-extension block while
using a hinged elbow brace all, specifically, did not corre-

late with a higher rate of tendon rerupture (P = .79, P = .94,
and P = .58, respectively).

Surgeon data

A total of 73 surgeons performed distal biceps repairs during
the study period, and no cases were excluded based on surgeon
case volume. Fellowship-trained surgeons performed 79% of
cases and were most commonly trained in sports medicine
(59%), followed by shoulder and elbow (16%) and hand (9%)

Table VI Major complication and reoperation rates by fixation method

Covariate Fixation type, n P value

Suture button alone
(n = 295)

Suture button with
interference screw
(n = 259)

Suture anchor
(n = 103)

Bone tunnels
(n = 298)

Major complication 24 (8.1%) 14 (5.4%) 8 (7.8%) 26 (8.7%) .484
Reoperation 12 (4.1%) 10 (3.9%) 6 (5.8%) 19 (6.4%) .456
Tendon rerupture 7 (2.4%) 4 (1.5%) 2 (1.9%) 2 (0.7%) .353
Proximal radioulnar synostosis 1 (0.3%) 0 (0%) 0 (0%) 9 (3.0%) .0016*
PIN palsy 8 (2.7%) 4 (1.5%) 2 (1.9%) 4 (1.3%) .628

PIN, posterior interosseous nerve.
No differences were observed, with the number of patients available, in total major complications, individual major complications, or reoperation rates
based on the fixation method used for distal biceps repair.
* Pair-wise comparisons with Bonferroni adjustment for multiple tests indicated that the incidence of proximal radioulnar synostosis differed signifi-

cantly between bone tunnel fixation and fixation using a suture button with an interference screw (P = .0217).

Figure 1 Rates of major complications and reoperations by fixation type. When controlling for exposure, we observed no differences,
with the number of patients available, in total major complications, individual major complications, or the reoperation rate based on the
type of fixation used for distal biceps repair. PIN, posterior interosseous nerve.
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surgery. Surgeons without formal fellowship training were
more likely to use a 2-incision exposure (P < .0001). Sur-
geons with sports medicine training were 3.7 times more likely
than fellowship-trained hand surgeons to use a 2-incision ex-
posure as well (P < .0001). No difference in total major and
minor complication rates was observed based on surgeons’
fellowship training background (P = .24 and P = .15,
respectively).

A surgical volume analysis was performed to examine
whether low-volume surgeons, defined as surgeons perform-
ing 5 distal biceps repairs or fewer over the study period, had
higher major complication and reoperation rates. Seventy cases
performed by 31 low-volume surgeons were identified. Cases
performed by these surgeons were not found to be at higher
risk of major complications and reoperations (P = .73 and
P > .99, respectively).

Discussion

Within this cohort study, major complications and reoperations
occurred in 7.5% and 4.5% of cases, respectively. These find-
ings are important to discuss with patients when making shared
surgical decisions during the informed-consent process. Spe-
cifically, tendon rerupture and PIN palsy occur relatively
commonly, create dysfunction for the patient when they occur,
and may require reoperation. For patients undergoing repair
with a 2-incision exposure, proximal radioulnar synostosis
occurred at a rate of 2.8% among 2-incision approaches, which
was markedly higher than the rate that occurred with a single
incision. Finally, judicious use of rigid immobilization should
be carefully implemented and only continued beyond 28 post-
operative days under special circumstances, especially after
2-incision repair, as prolonged rigid immobilization in-
creases the risk of proximal radioulnar joint synostosis. In
the setting of revision or poor tissue quality, if prolonged
immobilization is considered necessary by the treating surgeon,
HO prophylaxis with a nonsteroidal anti-inflammatory med-
ication such as indomethacin may be warranted.

Regarding other major complications, it is important to note
that the brachial artery is at risk during anterior ante-
brachial exposure and that iatrogenic injury can occur—twice
in this series. Major complication and reoperation rates did
not differ by sex, history of tobacco use, age, exposure type
(single vs 2 incisions), tear morphology (full vs partial), or
type of fixation used. With the number of cases available for
review, the tendon rerupture rate did not differ when suture
button fixation was augmented with an interference screw,
suggesting that fixation augmentation with an interference
screw may not be necessary. Similarly, the number of pa-
tients in this series (N = 970) was insufficient to endorse the
null hypothesis in comparing rerupture rates between the
single- and 2-incision cohorts. Power analysis with a target
power of 0.80 sets a threshold of 1886 patients necessary to
statistically address this issue.

The 21.5% total rate of minor complications was similar
to rates reported in prior literature (6%-32%).2,4,8-11 Sensory
nerve distribution symptoms, occurring in 13.0% of pa-
tients in the LABCN distribution and 4.9% of patients in
the RSN distribution, are inherent to the exposure required
for distal biceps repair. Similar to rates reported in prior
retrospective literature, the rates of documented LABCN
and RSN neuritis are likely an under-representation of the
true frequency of symptoms. Surgeons without fellowship
training and those with sports medicine training were more
likely to perform 2-incision exposures in this series than
were surgeons who received shoulder and elbow or hand
fellowship training. Surgeons with specific upper-extremity
backgrounds could be more cognizant of the peripheral
sensory nerve examination, possibly explaining the ob-
served difference in reported LABCN and RSN rates. True
LABCN and RSN distribution symptoms may occur at rates
closer to those reported in the single-incision exposure cohort,
as those cases were more likely to be performed by sur-
geons with upper-extremity training: 16.1% for LABCN
and 5.8% for RSN (21.9% combined, total minor complica-
tion rate of 27.6%).

Recently, a 784-patient cohort study was published by
Dunphy et al,6 detailing complications in patients within
the Kaiser Permanente system undergoing repair predomi-
nantly via a single-incision exposure (81.5%). They reported
higher rates of heterotopic bone formation (7.6% vs 2.7%),
PIN palsy (3.4% vs 0.8%), and reoperation (8.3% vs 2.3%)
after repair with a 2-incision exposure versus single-
incision techniques. Proximal radioulnar synostosis was not
specifically delineated from other forms of heterotopic
bone formation in their series. In total, the rate of HO
reported in their series was 3.6% compared with a total of
2.2% in our cohort (proximal radioulnar synostosis in
1.0%, otherwise symptomatic HO with reoperation in 0.8%,
and symptomatic HO without operative intervention in
0.4%). It is also unclear what portion of the 3.6% of
patients with heterotopic bone formation was symptomatic
or required reoperation. PIN palsy and reoperation rates
were not found to differ between the single- and 2-incision

Table VII Minor complication rates

Minor complication n %

LABCN neuritis or numbness 126 13.0
RSN neuritis or numbness 48 4.9
Cubital tunnel syndrome 9 0.9
Lateral epicondylitis 16 1.7
Symptomatic HO (nonoperative) 4 0.4
Superficial infection (nonoperative) 6 0.6
Total 209 21.5

LABCN, lateral antebrachial cutaneous nerve; RSN, radial sensory nerve;
HO, heterotopic ossification.
Consisting mostly of LABCN and RSN neuritis, total minor complication
rates were relatively high: 22.9% overall. Postoperative cubital tunnel
syndrome and lateral epicondylitis, among other minor complications,
may be related to immobilization and postoperative rehabilitation after
distal biceps reconstruction, so they were included in the analysis.
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groups with the number of cases available for review in our
series.

This study has several strengths. It represents the largest
series of distal biceps tendon repairs in the literature, includ-
ing more than twice as many 2-incision repairs as any other
published study. The focus of this series was to define rates
of clinically meaningful major complications and reoperations,
providing clinicians with a solid reference to stand on when
counseling patients preoperatively before distal biceps repair.
The cases were performed by more than 70 surgeons within

a large community-encompassing private orthopedic group,
which makes the results both generalizable and more likely
to be inclusive of complications in the event of care transfers.

This cohort study also has several weaknesses. It is ret-
rospective in nature; thus, postoperative examinations were
performed at the discretion and specificity of the treating
surgeon primarily during the 90-day global postoperative
period. Specifically, tendon reruptures may have been missed
on postoperative examination by the treating surgeon, and
imaging modalities were not used to confirm the structural

Table VIII Exposure-related predictors of minor complications

No. of incisions Type of single incision (n = 652)

Covariate Two incisions
(n = 318), n

Single incision
(n = 652), n

P value Transverse
(n = 315), n

Longitudinal
(n = 221), n

P value

LABCN 16 (5.0%) 110 (16.9%) <.0001 45 (14.3%) 43 (19.5%) .112
RSN 9 (2.8%) 39 (6.0%) .034 14 (4.4%) 18 (8.1%) .075
Total minor 46 (14.5%) 171 (26.2%) <.0001 72 (22.9%) 71 (32.1%) .0169

LABCN, lateral antebrachial cutaneous nerve; RSN, radial sensory nerve.
The use of a 2-incision technique correlated with a lower reported rate of minor complications (P < .0001). Reported rates of both LABCN and RSN symp-
toms (numbness, tingling, burning, pain, and so on) were dramatically higher among patients treated with single-incision exposures (P < .0001 and
P = .034, respectively). The total minor complication rate was found to be higher for patients treated with a single longitudinal incision versus a single
transverse incision (32% vs 23%, P = .017).

Figure 2 Sensory neurapraxia and total minor complication rates broken down by exposure variables: single incision versus 2 incisions
and single transverse versus single longitudinal. Both lateral antebrachial cutaneous nerve neuritis or numbness and radial sensory nerve
neuritis or numbness were documented in the medical record more frequently in the postoperative period among patients treated with a single-
incision technique (P < .0001 and P = .034, respectively), translating into a higher documented rate of overall minor complications after
repair or reconstruction using a single-incision technique (P < .0001). The use of a single longitudinal incision was found to correlate with
a higher minor complication rate (P = .017), but with the number of cases available for subgroup analysis, a significant difference was not
observed specifically within the lateral antebrachial cutaneous nerve and radial sensory nerve subgroups (P = .11 and P = .08, respectively).
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integrity of repaired tendons. In addition, as patients did not
return to the clinic for a standardized final outcome visit for
strength, ROM, and functional outcome score assessment, the
full clinical impact of the major complications that oc-
curred was not able to be determined. It is possible that some
patients transferred their care outside of this group and their
complications that may have led to reoperations may have
been missed. Despite the large number of patients in this
cohort, for certain analyses, the study was underpowered to
confirm the null hypotheses. For example, the tendon rerupture
rate did not differ when suture button fixation was aug-
mented with an interference screw, but 1886 patients were
needed to generate enough power to confirm this null hy-
pothesis. Postoperative rehabilitation was not standardized for
the cohort and was inconsistently documented by the treat-
ing surgeons. Finally, the number of patients who received
HO prophylaxis in this study was insufficient to make de-
finitive recommendations regarding routine prophylaxis use.
A prospectively collected database evaluating functional out-
comes, as well as major complications and reoperations, has
the potential to better define the impact of distal biceps tendon
rupture and repair on patients.

Conclusions

In this large cohort series of distal biceps tendon repair,
the total major complication rate was 7.5%. The most
common major complications were PIN palsy, 18 (1.9%);
distal biceps tendon rerupture, 15 (1.5%); proximal ra-
dioulnar synostosis, 10 (1.0%); and symptomatic HO with
reoperation, 8 (0.8%). Proximal radioulnar synostosis for-
mation was found to correlate strongly with the use of a
2-incision exposure for repair. In addition, patients im-
mobilized with a rigid splint or cast for longer than 28
postoperative days were placed at higher risk of proxi-
mal radioulnar synostosis (P = .0006), especially in the
2-incision cohort. To reduce the risk of proximal radio-
ulnar synostosis, a single-incision and ROM exercises with
less than 4 weeks of immobilization are recommended.
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