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Background: Ruptures of the distal biceps tendon (DBT) can affect the range of motion and strength of the elbow, raising con-

cerns for patients seeking to restore normal function and engage in their regular activities, particularly returning to previous levels

of sport participation.

Purpose: To characterize and assess the rate and timing of return to sport (RTS) after DBT repair.

Study Design: Systematic review; Level of evidence, 4.

Methods: PubMed, Embase, and Google Scholar (pages 1-20) were searched from database inception to December 6, 2023 for

clinical studies reporting RTS outcomes after DBT repair. The extracted data consisted of patient characteristics; information on

the incision approach, fixation method, and rehabilitation protocol; and outcome data including RTS rates, patient-reported out-

come measure scores, and complications.

Results: A total of 42 studies, including 1093 patients (1100 elbows), met the inclusion criteria. The mean age of patients was 44.9

years, and 99.2% of patients were male. The mean follow-up time was 31.5 months. Ruptures were acute in 87.6% of cases, the

dominant arm was injured in 64.9%, and the cause of the injury was sport related in 43.5%. The overall RTS rate was 91.5%, with

85.2% of patients returning to preinjury levels or higher, at a mean time of 6.3 months. Patients had excellent functional out-

comes, irrespective of the incision approach or fixation method, although trends associated with a higher RTS rate were observed

with bone tunnel fixation, �2 weeks of postoperative immobilization, early initiation of active range of motion postoperatively, and

initiation of strengthening at �10 weeks. Single-incision repair had higher rates of nerve-related complications and reruptures

compared with double-incision repair, and cortical button fixation had a higher rate of nerve-related complications among the

fixation methods.

Conclusion: There was a high rate of RTS after DBT repair at 6 months postoperatively. A positive trend for RTS was observed

with respect to rehabilitation protocols favoring earlier active mobility.
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A rupture of the distal biceps tendon (DBT) is a relatively

rare injury, with an incidence ranging from 1.2 to 2.6 per

100,000 patients.28,49 The majority of DBT ruptures occur

in male patients aged between 35 and 55 years, often as

a result of an eccentric load on a flexed and supinated fore-

arm.28,49 This mechanism of injury is commonly encoun-

tered in weightlifting, physically demanding jobs, and

combat and contact sports.59 Further risk factors for

a DBT rupture include age, elevated body mass index,

smoking, anabolic steroid use, and corticosteroid use.55

Age-related degenerative changes have been observed in

the DBT in patients aged as young as 35 years and may

contribute to spontaneous ruptures.27 Further, the DBT

contains a known vascular watershed region, rendering

the area susceptible to ruptures.50,55

Tears of the DBT can be either partial or complete. The

most common tear pattern is avulsion of the DBT off of

the radial tuberosity; however, intratendinous and intra-

muscular tears are seen. The treatment of DBT ruptures

depends on factors such as the tear pattern and the patient’s

lifestyle and aesthetic preferences. However, biomechanical

studies have shown that a complete DBT rupture leads to

reductions in 30% of peak elbow flexion strength and 40%

to 50% of peak forearm supination strength; thus, operative

treatment is often recommended.39,41

Surgical repair of the DBT can be through either a single

or double incision, each with associated strengths and

weaknesses.17 In addition, fixation to the radial tuberosity

can be performed with the use of cortical buttons, suture

anchors, bone tunnels, or interference screws. The choice

of repair strategy is influenced by the chronicity of the
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tear, with tendon retraction in chronic cases potentially

requiring the use of tendon grafts to bridge the gap to

the radial tuberosity.26 Postoperative rehabilitation of

DBT ruptures typically involves a period of immobilization

in elbow flexion, followed by a progression of passive and

active ranges of motion to strengthening, as determined

by the surgeon.

DBT ruptures pose a concern for patients seeking to

restore normal function and engage in their regular activi-

ties, whether recreational or professional. Previous system-

atic reviews have indicated that return to work is

achievable within 3 to 4 months after surgery,48with a longer

recovery time expected for return to sport (RTS) in athletes,

at around 9 months.44 The rate, timing, and level of RTS are

important factors to understand to appropriately educate

patients and set expectations. However, there are no current

systematic reviews on the overall rate of RTS for patients

within the general population. This study aimed to systemat-

ically review the orthopaedic literature to characterize the

rate and timing of RTS after DBT ruptures and repair.

METHODS

A systematic review was conducted following the Preferred

Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines.38

Search Strategy

PubMed, Embase, and Google Scholar (pages 1-20) were

searched on December 6, 2023 using predetermined key-

words. The keywords ‘‘distal biceps,’’ ‘‘rupture,’’ ‘‘tear,’’

‘‘avulsion,’’ ‘‘detachment,’’ and ‘‘sport’’ were applied to

find articles pertaining to functional and RTS outcomes

after DBT repair. Additional articles were identified by

searching through reference lists.

Inclusion criteria consisted of (1) DBT repair, (2) report-

ing of functional outcomes, (3) reporting of RTS outcomes,

(4) patients aged �18 years, and (5) all levels of play (eg,

recreational, semiprofessional, professional). Exclusion cri-

teria consisted of (1) case reports; (2) narrative or system-

atic reviews; (3) biomechanical, anatomic, radiological, or

cadaveric studies; (4) technique articles; (5) conference

abstracts; (6) augmentation procedures; and (7) nonopera-

tive outcomes.

Study Screening

There were 2 reviewers (P.B. and M.D.) who independently

evaluated all titles and abstracts, and subsequently full-

text articles, for eligibility. All articles identified by both

reviewers at the title and abstract stage were included.

Full texts were evaluated, and disagreements were discussed

between the 2 reviewers and resolved by a consensus.

Data Extraction

Relevant data from included studies were extracted into

a predetermined data sheet. Extracted data included study

characteristics (eg, author, year of publication, level of evi-

dence, sample size), patient characteristics (eg, age, sex,

percentage of dominant extremity injuries, time between

injury and surgery, percentage of sport-related injuries,

type and level of sport), intervention details (eg, incision

approach, fixation method, rehabilitation protocol, dura-

tion of follow-up), and outcome data (rate of RTS, time to

RTS, rate of return to preinjury levels or higher, patient-

reported outcome measure scores, and complications). Out-

come measures reported included the Disabilities of the

Arm, Shoulder and Hand (DASH), the quick version of

the DASH (QuickDASH), the Mayo Elbow Performance

Score (MEPS), the Oxford Elbow Score (OES), a visual ana-

log scale (VAS), and satisfaction. RTS and functional out-

comes were evaluated for the entire cohort, which

included both patients engaged in recreational activities

and athletes. A subanalysis on RTS outcomes for athletes

alone was performed as well.

Statistical Analysis

Quantitative statistical analysis was performed using

Stata statistical software (Version 14.1; StataCorp).

RESULTS

Literature Search

The initial literature search resulted in 629 articles. After

the removal of 159 duplicate studies, 470 articles were

screened for inclusion and exclusion criteria. Then, 102

studies were evaluated, and full texts were assessed for
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eligibility. Overall, 42 clinical studies were included in this

systematic review, as demonstrated in Figure 1.§

Characteristics of Studies

A total of 42 studies, including 1093 patients (1100 elbows)

who underwent DBT repair, met the inclusion criteria. The

median sample size of the included studies was 21 patients

(range, 4-108). The majority of patients were male (99.2%),

with a mean age of 44.9 years (range, 27.4-56.5 years) and

a mean follow-up of 31.5 months (range, 7.4-84.0 months).

The median time from the injury to surgery was 13.1 days

(range, 3.8-259.0 days), and ruptures were acute in 87.6%

(558/637) of cases. The dominant arm was injured in 64.9%

(522/804) of patients, and the cause of the injury was sport

related in 43.5% (210/483). Of all the patients, 169 (15.5%)

were reported to be athletes. The study characteristics and

patient characteristics are illustrated in Table 1.

Surgical Technique and Rehabilitation

The distribution of patients by surgical technique is pre-

sented in Table 2. Of the 38 studies that reported the sur-

gical technique, including 1007 patients (92.1%), pooled

data found that single-incision repair was performed in

68.7% of patients and double-incision repair was per-

formed in 30.4%. For the method of fixation, 27.2% of cases

involved bone tunnels, 25.8% involved cortical buttons,

32.1% involved suture anchors, 1.4% involved interference

screws, and 11.6% involved a combination of cortical but-

tons and interference screws.

Rehabilitation protocols varied across 35 studies,

including 906 patients. The distribution of patients by

rehabilitation protocol is presented in Table 3. The major-

ity of patients were immobilized for �2 weeks postopera-

tively (67.9%). Active range of motion was initiated on

the first postoperative day in 18.4% of patients, within 2

to 4 weeks in 44.0%, and at week 6 in 37.6%. Strengthen-

ing was initiated within 4 to 6 weeks in 34.2% of patients,

within 8 to 10 weeks in 34.0% of patients, and at week 12

in 31.8% of patients. The rehabilitation protocol of each

study is summarized in the Appendix (available in the

online version of this article).

629 Records identified:

PubMed (n = 272)
Embase (n = 157)
Google Scholar (n = 200)

Duplicate records
removed (n = 159)

Records after duplicates removed
(n = 470)

368 Records excluded:

Non-distal biceps (n = 105)
Non-clinical outcomes (n = 46)
Non-operative (n = 14)
Review articles (n = 78)
Case Reports (n = 48)
Biomechanics, Anatomic, 
Radiologic, Cadaveric, 
Technique studies (n = 56)
Augmentation procedure (n = 7)
Conference abstracts (n = 14)

60 Articles excluded:

No mention of return to sports
(n = 54)
Full-text article not available 
(n = 6)

Studies included in review
(n = 42)
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Figure 1. Outline of PRISMA search strategy. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

§References 1, 4-16, 18, 19, 21-23, 25, 29-37, 40, 42, 43, 45-47, 51,

53, 54, 56-58, 60.
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RTS Outcomes

The overall RTS rate for all patients was 91.5%, with

85.2% (506/594) of patients returning to preinjury levels

or higher. The mean time to RTS was reported in 18 stud-

ies and was found to be 6.3 months (range, 3.0-12.55

months). Rates of RTS by sporting activity are presented

in Table 4. Of the 169 athletes specifically, the RTS rate

was found to be 96.4%, with 92.9% (130/140) of athletes

returning to preinjury levels or higher. The mean time to

RTS in athletes was reported in 9 studies and was found

to be 9.4 months (range, 3.0-12.55 months).

While RTS outcomes were similar between single- and

double-incision approaches, there was a higher trend in

the rates of RTS and return to preinjury levels of sport in

patients with bone tunnel fixation (96.9% and 83.8%,

respectively) compared with those with suture anchor fixa-

tion (87.4% and 88.3%, respectively) and cortical button

fixation (84.9% and 76.0%, respectively) (Table 5). There

was also a positive trend for high RTS rates in patients

with early initiation of active range of motion after surgery

(97.3%) and a negative trend in patients who had pro-

longed immobilization for .2 weeks (84.1%) and delayed

initiation of strengthening at week 12 (81.9%) (Table 3).

TABLE 1

Study and Patient Characteristicsa

First Author (Year) LOE

No. of Patients/

Elbows

Male

Patients, n (%)

Mean

Age, y

Mean

Follow-up, mo

Mean Time

From Injury to

Surgery, d

Dominant

Arm Injury, n (%)

Sport-Related

Injury, n (%)

Wójtowicz58 (2023) 4 20/20 NR 38.7 7.4 NR 20 (100) 11 (55)

Lanzerath31 (2023) 4 31/31 31 (100) 50 31.5 13.2 18 (58) NR

Carlier8 (2023) 3 108/108 NR 48 28.9 32.8 NR NR

Lappen32 (2022) 4 23/23 22 (96) 56.5 20 16.5 NR NR

Yetter60 (2021) 3 33/33 33 (100) 49 24 49 NR NR

Pagani42 (2021) 4 22/25 22 (100) 28 NR NR NR 25 (100)

McGinniss36 (2021) 3 35/35 35 (100) 28.5 NR NR NR NR

Gowd22 (2021) 4 61/61 NR 47.5 38.7 70.6 25 (41) NR

Carter9 (2021) 3 62/62 62 (100) 43 56.4 15.5 57 (92) 36 (58)

Alencar Neto1 (2021) 3 14/14 14 (100) 35.6 NR NR 14 (100) 14 (100)

Poyser45 (2020) 4 50/51 50 (100) 41 47.2 12.6 22 (43) NR

Micheloni37 (2020) 4 5/5 5 (100) 42 18 NR 5 (100) NR

Liljeros34 (2020) 3 13/13 13 (100) 52 30 NR NR NR

Conlin12 (2019) 3 24/24 24 (100) 52 NR NR 12 (50) NR

Barret6 (2019) 4 58/58 58 (100) 49 53 8 33 (57) 7 (12)

van der Vis56 (2018) 3 28/28 28 (100) 47 34 11 18 (64) 12 (43)

Lang30 (2018) 4 47/47 47 (100) 45.9 11.6 8.3 34 (72) 10 (21)

Edward18 (2018) 4 22/22 21 (95) 46 24 NR 13 (59) NR

Andritsos5 (2018) 3 11/11 11 (100) 28.5 24 NR 11 (100) NR

Suda51 (2017) 3 49/49 49 (100) 48.9 32.3 17.8 28 (57) 7 (14)

Maciel35 (2017) 3 22/22 22 (100) 45 12 8 18 (82) 2 (9)

Recordon47 (2015) 3 46/46 46 (100) 50 24 13 26 (57) NR

Gasparella21 (2015) 4 14/14 14 (100) 44.6 26 5 2 (14) NR

Murena40 (2014) 3 28/28 NR 49.5 45 4 NR NR

Tanner53 (2013) 4 26/27 25 (96) 54 16 259 NR NR

Anakwenze4 (2013) 3 18/18 NR 47.6 23.7 26.9 14 (78) NR

Gupta25 (2012) 4 8/9 8 (100) 27.4 41.5 5.6 8 (89) 7 (78)

Weber57 (2011) 4 20/20 20 (100) 41 12 7 14 (70) 10 (50)

Pagonis43 (2011) 3 17/17 17 (100) 42.6 24 5 14 (82) NR

Grégory23 (2009) 4 23/23 23 (100) 44 26 14 16 (70) 18 (78)

Fenton19 (2009) 4 14/14 14 (100) 39.4 29.1 14.6 10 (71) 9 (64)

De Carli15 (2009) 4 23/23 22 (96) 47 84 7 16 (70) 4 (17)

Cil11 (2009) 4 12/12 12 (100) 49 57 10 12 (100) NR

Khan29 (2008) 4 17/18 17 (100) 39 45 NR 14 (78) NR

Bohnsack7 (2007) 4 4/4 4 (100) 36 82 NR NR 4 (100)

Taylor54 (2006) 4 14/14 11 (79) 33.6 9.2 3.8 10 (71) 14 (100)

Dellaero16 (2006) 4 7/7 7 (100) 42.7 30.6 25 3 (43) NR

Cheung10 (2005) 3 13/13 13 (100) 39 38 19 8 (62) NR

Rantanen46 (1999) 4 19/19 19 (100) 43 61.2 NR 12 (63) 10 (53)

D’Arco14 (1998) 4 13/13 13 (100) 43.5 26.4 9 6 (46) 5 (38)

Leighton33 (1995) 4 9/9 9 (100) 46 30 53.4 3 (33) 1 (11)

D’Alessandro13 (1993) 4 10/10 10 (100) 40 50 18 6 (60) 4 (40)

aLOE, level of evidence; NR, not reported.
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Functional Outcomes

Functional outcomes reported in studies varied: DASH

scores were reported in 15 studies,k QuickDASH scores in

5 studies,8,9,56,58,60 MEPS scores in 12 studies,{ OES scores

in 4 studies,9,40,56,58 VAS scores in 8 stud-

ies,6,8,32,35,47,53,56,60 and satisfaction scores in 6 stud-

ies.9,12,45,47,58,60 The mean DASH score (n = 348) was

10.25, the mean QuickDASH score (n = 251) was 4.8, the

mean MEPS score (n = 358) was 96.8, the mean OES score

(n = 138) was 58, the mean VAS score (n = 345) was 0.3,

and the mean satisfaction score (n = 236) was 9.52.

Functional outcome scores based on the incision

approach and fixation method are presented in Table 5.

The single-incision approach showed a mean DASH score

of 8.55 and a mean MEPS score of 97.8 compared with

13.25 and 94.3, respectively, for the double-incision

approach, suggesting excellent functional performance

with both. While the trends in MEPS and VAS scores

were similar, suture anchor fixation had slightly lower

DASH scores (7.13) compared with bone tunnel fixation

(13.25) and cortical button fixation (11.97).

Complications

Complications were documented in 35 studies, involving

946 patients (Table 6). There were a total of 182 complica-

tions (19.2%), of which 129 were nerve-related injuries: 112

had sensory neurapraxia (61.5%), and 17 had an unre-

solved nerve injury (9.3%). There were a total of 21 reoper-

ations (2.2%), of which 11 were due to a rerupture of the

DBT (52.4%), 6 due to radioulnar synostosis (28.6%), 2

due to heterotopic ossification (9.5%), and 2 due to an unre-

solved nerve injury (9.5%).

The single-incision approach was found to have a higher

total complication rate (19.8%) compared with the double-

incision approach (8.6%), with higher rates of sensory neu-

rapraxia (13.5% vs 2.2%, respectively), unresolved nerve

injuries (1.6% vs 0.4%, respectively), and reruptures

(1.4% vs 0.4%, respectively). While the rates of heterotopic

ossification were similar, the double-incision approach had

a higher rate of radioulnar synostosis than the single-

incision approach (2.6% vs 0.4%, respectively). Cortical

button fixation had the highest complication rate among

fixation methods (36.0%), with higher rates of sensory neu-

rapraxia (22.4%), unresolved nerve injuries (4.8%), and

heterotopic ossification (5.6%). In all studies reviewed,

the cortical button was placed bicortically. Bone tunnel

TABLE 2

Surgical Technique

n (%)

Incision approach

Single 692 (68.7)

Double 306 (30.4)

Mini-invasive single 9 (0.9)

Fixation method

Bone tunnel 274 (27.2)

Cortical button 260 (25.8)

Suture anchor 323 (32.1)

Interference screw 14 (1.4)

Cortical button 1 interference screw 117 (11.6)

Suture anchor 1 cortical button 11 (1.1)

Suture to distal brachialis tendon 23 (2.3)

TABLE 4

Return to Sport by Sporting Activity

No. Return-to-Sport Rate, %

Strength training

Weightlifting 107 99.0

Collision sports

Football 66 87.8

Rugby 10 100.0

Ice hockey 2 100.0

Overhead sports

Swimming 20 68.4

Tennis 7 83.3

Softball 6 66.6

Volleyball 5 40.0

Baseball 4 25.0

Combat sports

Mixed martial arts 8 100.0

Judo 3 100.0

Boxing 2 100.0

Wrestling 2 50.0

Conditioning

Cycling 29 82.6

Running 24 85.7

Gymnastics 3 100.0

Contact sports

Basketball 10 80.0

Soccer 4 100.0

Other

Golf 23 100.0

Skiing 11 70.0

Archery 1 100.0

TABLE 3

Return to Sport by Rehabilitation Protocol

n (%) Return-to-Sport Rate, %

Immobilization

�1 wk 179 (19.8) 94.3

2 wk 436 (48.1) 94.5

.2 wk 291 (32.1) 84.1

Active range of motion

Early 132 (18.4) 97.3

2-4 wk 316 (44.0) 86.5

6 wk 270 (37.6) 90.0

Strengthening

4-6 wk 251 (34.2) 91.2

8-10 wk 249 (34.0) 90.9

12 wk 233 (31.8) 81.9

kReferences 4-6, 10-12, 21, 25, 29, 30, 32, 37, 40, 43, 45.
{References 1, 6, 8, 19, 21, 25, 32, 35, 37, 40, 43, 47.
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fixation and suture anchor fixation had similar total com-

plication rates of 9.4% and 10.3%, respectively; bone tunnel

fixation had the highest rate of radioulnar synostosis of

2.8%; and suture anchor fixation had the highest rate of

reruptures of 1.9%.

Comparative Studies

Overall, 9 studies assessed RTS and functional outcomes

among various study groups. There were 5 studies that

compared fixation methods, with 4 reporting similar

TABLE 5

Return-to-Sport and Functional Outcomes by Incision Approach and Fixation Methoda

Incision Approach Fixation Method

Single Double Bone Tunnel Suture Anchor Cortical Button

Return to sport

No. of studies 24 11 10 11 7

Rate, % 91.0 94.3 96.9 87.4 84.9

Time, mo 5.3 5.1 5.1 5.3 5.5

Rate to preinjury level, % 89.1 83.8 83.8 88.3 76.0

DASH

No. of studies 8 6 6 2 5

Mean score 8.55 13.25 13.25 7.13 11.97

QuickDASH

No. of studies 2 0 0 1 0

Mean score 7.8 — — 5.0 —

MEPS

No. of studies 10 2 1 3 4

Mean score 97.8 94.3 97.0 99.6 98.8

OES

No. of studies 2 0 0 0 1

Mean score 73.1 — — — 45.6

VAS

No. of studies 1 2 2 1 2

Mean score 0.00 0.61 0.05 0.00 0.00

Satisfaction

No. of studies 0 3 1 1 0

Mean score — 9.4 9.4 9.2 —

aDASH, Disabilities of the Arm, Shoulder and Hand; MEPS, Mayo Elbow Performance Score; OES, Oxford Elbow Score; QuickDASH,

quick version of the DASH; VAS, visual analog scale.

TABLE 6

Complications and Reoperations by Incision Approach and Fixation Methoda

Total

Incision Approachb Fixation Methodc

ReoperationSingle Double Bone Tunnel Suture Anchor Cortical Button

Sensory neurapraxia 112 (61.5) 77 (13.5) 5 (2.2) 5 (2.4) 13 (5.0) 28 (22.4) 0 (0.0)

Heterotopic ossification 15 (8.2) 10 (1.8) 4 (1.7) 3 (1.4) 3 (1.1) 7 (5.6) 2 (9.5)

Osteolysis 2 (1.1) 2 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 2 (1.6) 0 (0.0)

Superficial infection 15 (8.2) 5 (0.9) 3 (1.3) 3 (1.4) 2 (0.8) 1 (0.8) 0 (0.0)

Unresolved nerve injury 17d (9.3) 9 (1.6) 1 (0.4) 1 (0.5) 2 (0.8) 6 (4.8) 2 (9.5)

Radioulnar synostosis 8 (4.4) 2 (0.4) 6 (2.6) 6 (2.8) 2 (0.8) 0 (0.0) 6 (28.6)

Rerupture 13 (7.1) 8 (1.4) 1 (0.4) 2 (0.9) 5 (1.9) 1 (0.8) 11 (52.4)

Total 182 (19.2) 113 (19.8) 20 (8.6) 20 (9.4) 27 (10.3) 45 (36.0) 21 (2.2)

aData are shown as n (%).
bComplications after single-incision repair were noted in 22 studies (571 patients) and after double-incision repair in 11 studies (232

patients).
cComplications after bone tunnel fixation were noted in 12 studies (212 patients), after suture anchor fixation in 14 studies (261 patients),

and after cortical button fixation in 6 studies (125 patients).
dUnresolved nerve injuries occurred in the median nerve (n = 4), superficial radial nerve (n = 3), lateral antebrachial cutaneous nerve (n =

3), radial nerve (n = 1), and posterior interosseous nerve (n = 1); 5 were not specified.
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outcomes between different techniques.22,30,45,47,56 Lang

et al30 found no difference in the ability to RTS after

DBT repair by bone tunnels, suture anchors, and cortical

buttons; Recordon et al47 reported no difference in func-

tional outcomes between cortical button fixation and bone

tunnel fixation; and both van der Vis et al56 and Poyser

et al45 found no difference between suture anchor fixation

and cortical button fixation. In contrast, in their multivar-

iate analysis, Gowd et al22 found a decreased likelihood of

RTS to the same or better preinjury level with suture

anchor fixation compared with cortical button fixation.

As for the incision approach, Gowd et al22 also found an

increased time to RTS with the single-incision approach

(6.55 months) compared with the double-incision approach

(4.85 months). Murena et al40 compared standard and

mini-invasive single-incision approaches and found a posi-

tive trend in strength recovery, time to RTS, and DASH

scores with the mini-invasive approach, although OES

and MEPS scores were similar. Conlin et al12 showed

that repair of the bicipital aponeurosis in conjunction

with DBT repair led to a faster return to recreational activ-

ities compared with isolated DBT repair (77% returned

within 6 months vs 36% in the isolated DBT repair group).

Moreover, 2 studies compared DBT repair in the acute and

chronic settings and reported similar functional outcomes,

irrespective of the time to surgery.4,8 Carlier and Pierreux8

compared primary repair of acute (135 patients) and

chronic (75 patients) DBT tears and demonstrated no sig-

nificant difference in short- and long-term MEPS and

QuickDASH scores, recovery of strength in flexion and

supination, and rates of complications, although the acute

repair group had a higher rate of asymptomatic heterotopic

ossification than the chronic repair group (17% vs 4%,

respectively).

DISCUSSION

The principal finding of this study was the high RTS rate

in patients after DBT repair. This systematic review found

that 91.5% of all patients were able to RTS after a mean 6.3

months, with the majority returning to preinjury levels or

higher. High rates of RTS and excellent functional out-

comes were generally uniform across all incision

approaches and fixation methods. Trends in the rate of

RTS were observed in relation to the rehabilitation proto-

col, with higher return rates seen in those with �2 weeks

of immobilization, early initiation of active range of motion

exercises, and initiation of strengthening exercises

between 4 and 10 weeks. The complication rate for patients

included in this review was 19.2%, with the majority of

these being sensory neurapraxia. The tendon rerupture

rate was 1.4%. Reoperations occurred for reruptures,

radioulnar synostosis, unresolved nerve injuries, and het-

erotopic ossification, with an overall rate of 2.2%.

This is the first systematic review that encompasses all

available data on RTS after DBT repair in the orthopaedic

literature. Given that weightlifting, contact sports, and

combat sports often contribute to the occurrence of DBT

ruptures, as evidenced by 43.5% of the patients in this

review, knowledge of the timing and rate of RTS is essen-

tial for patients engaging in these activities, whether rec-

reationally or professionally. The RTS rate in athletes

specifically was considerably high at 96.4%. This was sim-

ilar to a previous systematic review on RTS outcomes by

Pitsilos et al44 that evaluated 10 studies, including 157

athletes, reporting a rate of 97.5% that was independent

of surgical technique or rehabilitation program. On the

other hand, the time to RTS was higher in athletes at

a mean 9.4 months compared with the overall mean time

of 6.3 months. However, this may have been influenced

by 2 studies that analyzed return to play in National Foot-

ball League (NFL) players after DBT repair, with both

reporting a late mean time to return to play of 11.46 and

12.55 months.36,42 This may be because of the small num-

ber of games in an NFL season, making return to play in

the same season highly unlikely. While the rate of return

to play in NFL players within 1 year was high, Pagani

et al42 showed that only 56% of players who undergo

DBT repair remain in the NFL at 2 years. Moreover,

Gowd et al22 recommended that athletes with injuries to

their dominant side should receive careful advice, as

patients were found to have a decreased likelihood of

RTS to the same level as well as a prolonged time to return

to play in their multivariate analysis.

DBT repair can be performed through a single- or

double-incision approach using various methods of fixa-

tion. Within the literature, functional outcomes have

been shown to be similar, irrespective of the incision

approach or fixation method.2,24 In our review, similar

results were found between patients undergoing single-

and double-incision repair in the rate, timing, and level

of RTS. Radioulnar synostosis had a higher incidence

with double-incision repair; however, single-incision repair

had a much higher total complication rate, with higher

rates of nerve-related injuries and reruptures. Similar

results were demonstrated in a systematic review evaluat-

ing complications after DBT repair by Amarasooriya et al,3

indicating a higher incidence of posterior interosseous

nerve, lateral antebrachial cutaneous nerve, and superfi-

cial radial nerve injuries as well as a significantly higher

rate of reruptures with single-incision repair. While an

overall positive trend in the RTS rate was shown in favor

of bone tunnel fixation, several comparative studies assess-

ing different fixation methods reported no difference in

functional and RTS outcomes.30,45,47,56 Grewal et al24 per-

formed a randomized controlled trial and demonstrated no

difference in outcomes between single-incision repair with

2 anterior suture anchors and double-incision repair with

bone tunnels. Despite differences seen in RTS and func-

tional outcomes between surgical techniques, these differ-

ences were small and likely not clinically relevant. The

differences in MEPS and DASH scores among surgical

techniques did not achieve the minimal clinically impor-

tant difference.20,52 However, cortical button fixation

exhibited a higher total complication rate, particularly

nerve-related injuries. In the systematic review by Amara-

sooriya et al,3 cortical button fixation had a significantly

higher rate of lateral antebrachial cutaneous nerve
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injuries compared with suture anchor fixation and bone

tunnel fixation, although no significant difference in the

rates of reruptures and posterior interosseous nerve inju-

ries was seen between the fixation methods. Interestingly,

a trend for high RTS rates was observed with respect to

rehabilitation protocols that favored �2 weeks of immobili-

zation, early initiation of active range of motion exercises,

and initiation of strengthening exercises between 4 and 10

weeks. This may suggest that delays in active mobility may

affect RTS outcomes in patients. Further research with

high-quality clinical trials is warranted to explore and

evaluate the effect of incision approach, method of fixation,

and rehabilitation protocol on RTS and functional

outcomes.

Several factors may be associated with a decreased rate

of RTS. Edward et al18 reported that 10 of 22 patients felt

restricted from full sporting activity because of fear (n = 7),

perceived weakness (n = 6), pain (n = 5), and restricted

range of movement (n = 4). Similarly, Wójtowicz et al58

observed that among the 4 patients who did not return to

full activity, all reported a fear of reinjuries, and 2 experi-

enced pain during physical activity. The fear of reinjuries

or reruptures appears to be a prevalent limiting factor hin-

dering RTS: Suda et al51 showed that 21 patients (42.9%)

stopped sport activities mainly because of concerns of

a rerupture, and Weber et al57 reported that 8 patients

(40.0%) altered their sport behavior during the activities

that led to the DBT injury. Poor mental health scores

may affect RTS, as shown by Yetter et al60 in which

88.9% (8/9) of patients with a Veterans RAND 12-item

Health Survey mental component summary score \50

reported difficulty with RTS, in contrast to only 8.3% (2/

24) of patients with a score �50. Gowd et al22 found a delay

in the treatment of a DBT injury to be associated with

a decreased rate of RTS to the same or better level. How-

ever, other studies have shown similar functional out-

comes, irrespective of the time to surgery, with no

differences in MEPS and QuickDash scores, range of

motion, and rate of complications.4,8

This study has several strengths. We performed a sys-

tematic review under the PRISMA guidelines, which

allowed us to collate all the available literature on RTS

in patients undergoing the surgical management of DBT

ruptures, irrespective of patient characteristics, surgical

technique, and rehabilitation program. Our study included

a substantial number of patients with a robust follow-up,

which enabled us to provide estimates on RTS timing

and rates for the general population and athletes specifi-

cally. Nevertheless, this study has a number of limitations,

namely, the low quality of evidence of the studies included,

which were all level 3 or 4. There was heterogeneity in the

patient-reported outcome measures used (DASH, Quick-

DASH, MEPS, etc), and numerous studies lacked data on

the time to RTS and the level at which patients returned.

There was also wide heterogeneity in the incision

approach, method of fixation, and rehabilitation protocol.

Some studies employed various incision approaches and

methods of fixation without providing separate data for

each group; this limited our ability to draw conclusions

with regard to the effects of different surgical techniques

on RTS and functional outcomes. We were unable to obtain

individual study data to perform more detailed statistical

analyses to compare incision approaches, fixation methods,

rehabilitation protocols, and acute versus chronic tears.

CONCLUSION

After DBT repair, the overall RTS rate was 91.5%, with

a mean time to RTS of 6.3 months. There was a 85.2%

rate of return to preinjury levels or higher. In athletes spe-

cifically, the RTS rate was 96.4%, with 92.9% returning to

preinjury levels or higher at a mean of 9.4 months.

Although patients had excellent functional outcomes with

surgical management, trends associated with a higher

RTS rate included bone tunnel fixation, �2 weeks of post-

operative immobilization, early initiation of active range of

motion postoperatively, and initiation of strengthening at

�10 weeks. Further high-quality, comparative clinical tri-

als are needed to assess the effect of incision approach, fix-

ation method, and rehabilitation protocol on the rate and

timing of RTS particularly because this injury is often

seen in athletes.
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27. Kannus P, Józsa L. Histopathological changes preceding spontane-

ous rupture of a tendon: a controlled study of 891 patients. J Bone

Joint Surg Am. 1991;73(10):1507-1525.

28. 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.

29. Khan AD, Penna S, Yin Q, Sinopidis C, Brownson P, Frostick SP.

Repair of distal biceps tendon ruptures using suture anchors through

a single anterior incision. Arthroscopy. 2008;24(1):39-45.

30. Lang NW, Bukaty A, Sturz GD, Platzer P, Joestl J. Treatment of pri-

mary total distal biceps tendon rupture using cortical button, transos-

seus fixation and suture anchor: a single center experience. Orthop

Traumatol Surg Res. 2018;104(6):859-863.

31. Lanzerath F, Berrsche G, Kreher J, Lichtenberg S, Loew M,

Schnetzke M. Anatomic single-incision footprint reconstruction of

the distal biceps tendon: an accuracy analysis of 31 men including

force measurements. Obere Extrem. 2023;18(4):261-266.

32. Lappen S, Geyer S, Kadantsev P, et al. All-suture anchors for distal

biceps tendon repair: a preliminary outcome study. Arch Orthop

Trauma Surg. 2022;143(6):3271-3278.

33. Leighton MM, Bush-Joseph CA, Bach BR. Distal biceps brachii

repair: results in dominant and nondominant extremities. Clin Orthop

Relat Res. 1995;317:114-121.

34. Liljeros M, Fagevik Olsén M, Kjellby Wendt G. Evaluation of function

following rehabilitation after distal biceps tendon repair. Eur J Phys-

iother. 2020;22(4):228-234.

35. Maciel RA, Costa PS, Figueiredo EA, Belangero PS, de Castro

Pochini A, Ejnisman B. Acute distal biceps ruptures: single incision

repair by use of suture anchors. Rev Bras Ortop. 2017;52(2):148-153.

36. McGinniss A, Guinand LA, Ahmed I, Vosbikian M. Distal biceps rup-

tures in National Football League players: return to play and perfor-

mance analysis. J Shoulder Elbow Surg. 2021;30(7):1647-1652.

37. Micheloni GM, Tarallo L, Porcellini G, Novi M, Catani F. Reinsertion of

distal biceps ruptures with a single anterior approach: analysis of 14

cases using tension-slide technique and interference screw. Acta

Biomed. 2020;91(4-S):183-188.

38. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Pre-

ferred Reporting Items for Systematic Reviews and Meta-Analyses:

the PRISMA statement. PLoS Med. 2009;6(7):e1000097.

39. Morrey BF, Askew LJ, An KN, Dobyns JH. Rupture of the distal ten-

don of the biceps brachii: a biomechanical study. J Bone Joint Surg

Am. 1985;67(3):418-421.

40. Murena L, Canton G, Camana E, Vulcano E, Cherubino P. Anatomic

reinsertion of the distal biceps tendon rupture through a single anterior

approach: extensile or mini-invasive approach? A retrospective study

at mean 45-month follow-up. Musculoskelet Surg. 2014;98(S1):71-76.

41. Nesterenko S, Domire ZJ, Morrey BF, Sanchez-Sotelo J. Elbow

strength and endurance in patients with a ruptured distal biceps ten-

don. J Shoulder Elbow Surg. 2010;19(2):184-189.

42. Pagani NR, Leibman MI, Guss MS. Return to play and performance

after surgical repair of distal biceps tendon ruptures in National Foot-

ball League athletes. J Shoulder Elbow Surg. 2021;30(2):346-351.

43. Pagonis T, Givissis P, Ditsios K, Pagonis A, Petsatodis G, Christo-

doulou A. The effect of steroid-abuse on anatomic reinsertion of rup-

tured distal biceps brachii tendon. Injury. 2011;42(11):1307-1312.

44. Pitsilos C, Gigis I, Chitas K, Papadopoulos P, Ditsios K. Systematic

review of distal biceps tendon rupture in athletes: treatment and

rehabilitation. J Shoulder Elbow Surg. 2022;31(8):1763-1772.

45. Poyser E, Abdul W, Mehta H. Mid-term clinical and functional out-

comes of distal biceps tendon repair: a comparative study of two sur-

gical fixation techniques. J Orthop Trauma Rehabil. 2020;27(1):47-51.

46. Rantanen J, Orava S. Rupture of the distal biceps tendon. Am J

Sports Med. 1999;27(2):128-132.

47. Recordon JAF, Misur PN, Isaksson F, Poon PC. Endobutton versus

transosseous suture repair of distal biceps rupture using the two-

incision technique: a comparison series. J Shoulder Elbow Surg.

2015;24(6):928-933.

48. Rubinger L, Solow M, Johal H, Al-Asiri J. Return to work following

a distal biceps repair: a systematic review of the literature. J Shoulder

Elbow Surg. 2020;29(5):1002-1009.

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

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

2002;404:275-283.

50. Seiler JG, Parker LM, Chamberland PD, Sherbourne GM, Carpenter

WA. The distal biceps tendon. Two potential mechanisms involved in

its rupture: arterial supply and mechanical impingement. J Shoulder

Elbow Surg. 1995;4(3):149-156.
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