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Abstract Background: Superior labrum anterior to poste-
rior (SLAP) tears are a very common shoulder injury. The
success rate of SLAP repair, particularly in the throwing
athlete, has been variable in the literature. Questions/Pur-
poses: The purpose of this systematic review was to evaluate
the reported post-operative outcomes of management tech-
niques for failed SLAP repair. Methods: The electronic
databases MEDLINE, Embase, and PubMed were searched
for relevant studies, and pertinent data was abstracted. Only
studies reporting outcomes of management techniques for
failed SLAP repairs were included. Results: A total of 10
studies (levels III to IV) evaluating 176 patients were in-
cluded in this systematic review. Most subjects were male
(86.6%), with a mean age at surgery of 36.3 years (range, 17
to 67 years). The most commonly reported reason for failed
SLAP repair was persistent post-operative mechanical
symptoms after index SLAP repair. Common techniques
used in the management of failed SLAP repair include
biceps tenodesis and revision SLAP repair. Return to activity
was significantly higher after biceps tenodesis than after
arthroscopic revision SLAP repair. However, compared to
primary SLAP repair, biceps tenodesis demonstrated no
statistically significant differences in return to work rates.

Complications reported in one case were resolved post-op-
eratively, and there was no reported revision failure or reop-
eration after revision surgery. Conclusion: The most
common reason for failed SLAP repair is persistent post-
operative mechanical symptoms. Revision surgery for failed
SLAP repair has a high success rate. The rate of return to
activity after biceps tenodesis was significantly higher than
the rate after revision SLAP repair. Large high-quality ran-
domized trials are required to provide definitive evidence to
support the optimal treatment for failed SLAP repair.

Keywords shoulder.superior labrum anterior to posterior
tears .SLAP.labrum.glenoid .athletes

Introduction

Superior labrum anterior to posterior (SLAP) tears are
increasingly diagnosed, particularly in the throwing ath-
lete [2]. “SLAP” tears were first described by Andrews
et al. in 1985, but the term was later coined by Snyder
et al. in 1990. “SLAP tear” describes the pathology of
the superior labrum and the origin of the biceps tendon
[1, 21]. SLAP tears are present in up to 26% of shoul-
der arthroscopy procedures, and arthroscopic SLAP re-
pair has been a commonly performed treatment [8]. A
recent statewide study in New York found a 464%
increase in the number of SLAP repairs performed from
2002 to 2010—an increase approximately threefold
greater than all other ambulatory shoulder procedures
evaluated over the same period [13]. Additionally, there
has been a significant increase in the age of patients
being treated with arthroscopic SLAP repairs, despite
evidence suggesting that SLAP repairs in patients over
the age of 36 years is associated with higher rates of
failure [13, 17].

A failed SLAP repair is defined as post-operative pain, stiff-
ness, and/or consistent pre-operative symptoms (not associated
with concomitant pathology) that do not resolve post-operatively
or resolves post-operatively and returns at a later date [17, 25]. In
general, mechanisms of failure for SLAP repair are categorized as
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failure to treat concomitant pathology, development of new pa-
thology, technique-related failure, development of post-operative
stiffness, or implant-related failure [23, 25]. Revision manage-
ment techniques employed are dependent on the mechanism of
failure of the SLAP repair. After a failed SLAP repair is
established, and nonsurgical management techniques have been
exhausted, surgical options include labral debridement, revision
SLAP repair, biceps tenotomy, and/or biceps tenodesis [25].

It has been noted that outcomes after revision SLAP repair
may be inferior to those of the primary operation. Park et al. in a
retrospective study identified patients who had undergone revi-
sion arthroscopic type II SLAP repairs and found that revision
surgery yielded worse results than index procedures, especially
in overhead athletes [16]. De Giorgi et al. also conducted a
retrospective study evaluating the outcomes of revision arthro-
scopic surgery for shoulder instability and identified a high
overall failure rate after revision surgery [4].

The purpose of this systematic review was to evaluate
and report causes of failed SLAP repairs, management strat-
egies in revision cases, rates of revision failure, and post-
operative outcomes of revision surgery for failed SLAP
repair.

Methods

A systematic review was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [11]. A literature
search was conducted using three electronic medical
databases—PubMed, Embase, and MEDLINE—from
their inception to the first week of September 2018, to
identify all relevant studies related to the management of
failed SLAP repairs. MeSH and Emtree terms were used
in various combinations to increase search sensitivity.
References of included studies were reviewed for addi-
tional relevant references that met the inclusion criteria
(Appendix Table 3).

Studies were included if they (1) were level I to IV
evidence published in English, (2) included patients of
any age with a failed SLAP repair, (3) involved a
surgical intervention for failed SLAP repair, and (4)
reported post-intervention shoulder functional outcomes.
Exclusion criteria included literature reviews, conference
proceedings, expert opinions, case reports, technique
guides, nonhuman studies, cadaver or biomechanical
studies, clinical studies that did not include patients with
failed SLAP repair, and studies where post-intervention
shoulder functional outcomes were not reported.

A list of citations was compiled from the literature
search and duplicates were removed. Systematic screen-
ing was performed in duplicate by two independent
reviewers (I.M.N. and S.V.) from title to full-text screen-
ing stages. Discrepancies were resolved by consensus
between the two reviewers. If they could not reach
consensus, the input of a third, senior reviewer (N.H.)
was sought to determine the study’s eligibility. Interrater

agreement was calculated using Cohen’s kappa coeffi-
cient (κ) [10].

Data were extracted in duplicate by two independent
reviewers (I.M.N. and S.V.) and recorded in a Microsoft
Excel spreadsheet (version 2016; Microsoft, Redmond,
WA, USA). Data on authors, year of publication, study
design, level of evidence, sample size and characteris-
tics, intervention for failed SLAP repair, time from
index surgery to intervention, follow-up period, post-
intervention complications, pre- and post-intervention
shoulder functional outcomes, and rate of revision fail-
ure were extracted. The primary outcome was post-
intervention shoulder functional outcome scores for the
management technique of failed SLAP repair.

Study quality was appraised, using the Methodolog-
ical Index for Non-randomized Studies (MINORS) tool
[20], in duplicate by two independent reviewers, and
discrepancies were resolved by consensus between the
two reviewers.

A κ statistic was used to evaluate inter-reviewer
agreement at all screening stages. Additionally, the
intraclass correlation coefficient (ICC) was calculated
to evaluate inter-reviewer agreement for the quality as-
sessment using the MINORS criteria. Agreement was
categorized a priori. Substantial agreement corresponded
to a κ/ICC value of 0.61 or greater; moderate agreement
to a value between 0.21 and 0.60; and slight agreement
to a value of 0.20 or less [9]. Statistical Package for the
Social Sciences (SPSS, version 23.0; IBM Corp.,
Armonk, NY, USA) was used to perform all statistical
analyses.

Results

The search strategy initially identified 1535 titles for
screening. After elimination of duplicates, 1017 titles
and abstracts were screened. Following full-text review
of 25 studies, ten met our inclusion criteria. There was
moderate agreement between reviewers at the title- and
abstract-screening stage (κ = 0.803; 95% CI, 0.683 to
0.922) and the full-text screening stage (κ = 0.746;
95% CI, 0.477 to 1.000) (Fig. 1).

All ten included studies were published between 2006
and 2017, five (50%) in the past 5 years (2014 to 2018).
Nine studies provided level-IV evidence, and one was a
level-III study. A total of 176 patients with failed SLAP
repair were included in the final analysis, with a mean age
of 36.3 years (range, 17 to 67) [14, 16]. Of the nine studies
reporting gender, 86.6% (305/352) were male.

Surgical management of the failed SLAP lesion includ-
ed open biceps tenodesis (n = 60), arthroscopic biceps
tenodesis (n = 52), arthroscopic revision SLAP repair
(n = 28) , labral debr idement (n = 20) , extensive
glenohumeral joint debridement (n = 16), and arthroscopic
knot removal (n = 11). The mean interval between index
and revision surgeries was 13.1 months (range, 2 to 56
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months) [9, 14], and average length of follow-up after
revision was 36.3 months (range, 5 to 156 months) [6, 14].

The mean MINORS score for non-comparative studies was
10.2 ± 2.20 out of 16, and the MINORS score for the compar-
ative study was 20 out of 24, indicating a fair quality of
evidence (ICC = 0.889; 95% CI, 0.553 to 0.972) (Table 1).

The most common reason for SLAP failure was
persistent post-operative mechanical symptoms after in-
dex SLAP repair that were not resolved after conserva-
tive treatment, reported in seven (70%) of the studies [6,

7, 9, 16, 19, 24, 26]. Another reason for SLAP failure
was persistent post-operative pain due to hardware fail-
ure of index surgery: post-operative knot-induced pain
reported in one (10%) of the studies [14] and broken/
dislodged tacks reported in one (10%) study [18]. One
study (10%) attributed failed SLAP repair to rotator cuff
tear caused by portal placement during index surgery
[22].

The revision management technique employed was
determined by the reason for failed SLAP repair. For
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persistent post-operative mechanical symptoms after in-
dex surgery, revision techniques included open biceps
tenodesis (n = 60), arthroscopic biceps tenodesis (n =
52), labral debridement (n = 20), and arthroscopic revi-
sion SLAP repair (n = 19). For the reason of post-
operative pain due to hardware failure, revision tech-
niques included arthroscopic knot removal (n = 11) and
arthroscopic SLAP repair with bioabsorbable suture an-
chor (n = 6). Stephenson et al. determined rotator cuff
tear in six patients to be caused by portal placement
during index surgery and performed arthroscopic rotator
cuff repair and arthroscopic SLAP repair in three pa-
tients, and arthroscopic rotator cuff repair only in the
other three patients [22] (Table 2).

All studies reported improvements in functional out-
comes after revision surgery for failed SLAP repair
when comparing pre- and post-operative scores. Water-
man et al. conducted the only comparative study, com-
paring arthroscopic SLAP repair (n = 6) and arthroscopic
subpectoral biceps tenodesis (n = 25) for persistent post-
operative pain related to index SLAP repair [24]. It was
reported that the rate of return to military duty following
biceps tenodesis (19/25, 76%) was significantly higher
than after revision SLAP repair (1/6, 16.7%; p = 0.024)
[24]. In addition, it was reported that compared to
primary SLAP repair, revision of failed SLAP repair to
a subpectoral biceps tenodesis demonstrated no statisti-
cally significant differences in rates of return to military
duty (153/192, 79.7% vs. 19/25, 76%, respectively; p =
0.76) [24].

Park et al. performed arthroscopic knot removal for
persistent post-operative knot-induced pain related to
index SLAP repair and found the procedure to signifi-
cantly improve range of motion of active forward flex-
ion (155.5 ± 18.4 to 166.4 ± 7.4; p = 0.007) and internal
rotation to the back (T11.8 ± 3.3 to T9.3 ± 2.0; p =
0.016) [14]. Arthroscopic knot removal also improved
range of motion of external rotation at the side (54.5 ±
19.6 to 57.7 ± 17.5; p = 0.336) and abduction (123.6 ±
14.3 to 125.5 ± 16.9; p = 0.496), although the improve-
ment was not statistically significant [14]. Furthermore,
arthroscopic knot removal significantly improved visual
analog scale (VAS) score for pain at rest (3.1 ± 1.6 to
0.6 ± 1.1; p = 0.011), VAS score at motion (5.6 ± 1.9 to
1.5 ± 1.8; p = 0.005), the Shoulder Rating Scale of the
University of California at Los Angeles (UCLA) score
(15.2 to 31.7; p = 0.003), and Constant scores (56.5 ±
10.2 to 89.8 ± 3.2; p = 0.003) [14].

McCormick et al. performed open subpectoral biceps
tenodesis for patients who failed SLAP repair [9]. It was
found that open subpectoral biceps tenodesis as a revi-
sion technique to failed index SLAP repair resulted in
statistically significant improvements in range of motion
of forward flexion (135° to 155°; p = 0.0001) and ab-
duction (125° to 155°; p = 0.0001) [9]. Additionally, the
revision procedure resulted in significantly higher post-
operative shoulder functional scores, such as American
Shoulder and Elbow Surgeons (ASES) (68 to 89; p =
0.0001), Single Assessment Numeric Evaluation (SANE)

(64 to 84; p = 0.0001), and Western Ontario Shoulder
Instability Index (WOSI) (65 to 81; p = 0.0001) scores.
The rate of return to military duty and sports was 81%
(34/42 patients) [9].

Gupta et al. performed open subpectoral biceps
tenodesis and concomitant labral debridement on nine
patients with persistent pain following arthroscopic type
II index SLAP repair who failed conservative treatment
[6]. It was found that the revision procedure resulted in
significant improvements in VAS (4.11 ± 2.47 to 2.55 ±
2.60; p = 0.033), Simple Shoulder Test (SST) (5.40 ±
2.55 to 9.33 ± 2.87; p = 0.005), ASES (54.50 ± 19.48 to
77.96 ± 21.50; p = 0.002), SANE (42.50 ± 22.39 to 70.44
± 27.65; p = 0.001), and Short Form 12-Questionnaire
Health Survey (SF-12) Physical Composite Score
(PCS) (35.47 ± 8.61 to 47.95 ± 7.66; p = 0.018) [6].

Katz et al. performed conservative treatment on 34
patients with persistent post-operative pain related to
index SLAP repair, and various surgical interventions
on 21 patients who failed conservative treatment [6]. It
was found that the SST score significantly improved
after either conservative or revision surgery (3.04 ± 2.18
to 8.73 ± 3.45; p < 0.0001), with 23 out of 34 patients
(67.6%) being satisfied overall (10/34 satisfied after
conservative treatment, 13/21 satisfied after revision sur-
gery) [6] (Online Resource 1).

Five studies reported complications of revision sur-
gery of failed SLAP repair [6, 9, 14, 16, 22]. Park
et al., Gupta et al., Stephenson et al., and Park et al.
reported no post-operative complications [6, 14, 16, 22].
McCormick et al. reported one case of transient
musculocutaneous nerve neurapraxia, which resolved
post-operatively and did not require further surgical in-
tervention [9]. Overall complication rate was calculated
to be 1.25% (1/80). There were no reported rates of
revision failure or re-operations.

Discussion

A major finding of this systematic review was that all
studies reported improved functional outcome scores
following revision surgery for failed SLAP repair when
comparing pre- and post-operative scores, with no re-
ported revision failures. The most common reason for
failure of SLAP repair was persistent post-operative
mechanical symptoms that were not resolved after con-
servative treatment. Other commonly reported reasons
for revision surgery after SLAP repair include technical
errors in the index surgery and hardware failure.

Multiple reasons for SLAP failure have been identi-
fied in the literature. Post-operative pain and stiffness
have been identified as the most common reason for
revision of a SLAP repair; however, symptoms typically
resolve with physical therapy and subacromial and/or
glenohumeral injections. If there is suspicion of infec-
tion, diagnosis should be confirmed and treatment with
antibiotics and possible revision surgery should be pur-
sued. Other potentia l sources of pain include
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concomitant pathologies, such as biceps pathology, rota-
tor cuff tear, acromioclavicular (AC) joint impingement,
arthritis, instrumentation problems, and chondral injuries
[25].

Other common causes for failed SLAP repair identi-
fied in the literature are misdiagnosis of SLAP lesion,
inadequate healing, patient selection, poor surgical indi-
cations, or a subsequent injury caused by a straining
activity (such as overhead throwing) [17, 25]. Technical
factors, such as anchor placement, may contribute to
SLAP failure to a lesser degree. Mechanisms for failed
SLAP repair can be broadly categorized as (1) failure to
treat concomitant pathology, (2) development of new
pathology, (3) technique-related failure, (4) biologic fail-
ure, including failure to heal and development of post-
operative stiffness, and (5) and implant-related failure.
Our systematic review identified the causes for SLAP
failure to be (1) persistent post-operative mechanical
symptoms, (2) persistent post-operative hardware-in-
duced symptoms from index surgery (knot-induced pain,
broken/dislodged tacks), and (3) rotator cuff tear caused
by incorrect portal placement during index surgery [25].

A number of papers in the literature evaluate risk factors for
revision surgery after SLAP repair. Taylor et al. reviewed a large
national database of 4751 patients who underwent SLAP repair
and found 121 patients (2.55%) required revision surgery [23].
Risk factors for SLAP failure included age over 40
years, female sex, obesity, smoking, and diagnosis of
biceps tendinitis or long head of the biceps tearing at
or before the time of surgery [23]. Mollon et al. report-
ed the incidence and risk factors for subsequent shoulder
procedures after isolated SLAP repair [12]. In a larger
database review of patients operated from 2003 to 2014,
2524 patients were identified. After 3 to 11 years of
follow-up, 254 patients (10.1%) underwent repeat surgi-
cal intervention [12].

Park et al. investigated implant characteristics and
risk for SLAP failure [15]. It was reported that subse-
quent surgery and failure after arthroscopic SLAP repair
was significantly correlated with the use of absorbable
poly-L/D-lactic acid (PLDLA) anchors, poly-96L/4D-lac-
tic acid anchors (Mini-Revo; Linvatec, Largo, FL,
USA), and poly-70L/30D-lactic acid anchors (Bio-Fastak
and Bio-Suturetak; Arthrex, Naples, FL, USA). The
rates of repeat surgery with PLDLA anchors from
Linvatec and from Arthrex were 24% and 4%, respec-
tively. After controlling for associated factors in a mul-
tivariate analysis, the use of absorbable anchors, in
particular poly-96L/4D-lactic acid anchors, remained an
independent factor associated with both repeat surgery
and revision superior labrum repair [15].

Patient characteristics may also play a role in the
failure of SLAP surgery. Cancienne et al. reported that
the incidences of failed SLAP repair and post-operative
infection were significantly higher in patients who used
tobacco than in matched controls [3]. Additionally,
Provencher et al. studied the factors associated with
failure of primary SLAP repair and reported that patient
age above 36 years was the only factor associated with

a statistically significant increase in the incidence of
failure [17].

Throwing athletes are also at increased risk of failure
of SLAP repair. Fedoriw et al. examined return-to-play
(RTP) and return-to-prior-performance (RPP) rates in
professional baseball players after SLAP repair and
found that the RTP rate for 27 pitchers who underwent
surgical management was 48%, but RPP was 7% [5].
However, the RTP rate for 13 position players was 85%,
and the RPP rate was 54%. The difference in rates
between pitchers and position players can result from
the extent of shoulder involvement required in their
position.

It is important to evaluate the reason for SLAP
repair when considering which surgical technique to
use. No standard guidelines exist for management of
failed SLAP repair; thus, the selection of a particular
surgical technique is primarily based on the reason for
SLAP failure, present pathologies, patient factors, and
surgeon preference. A thorough workup for repair failure
should be performed in patients before performing revi-
sion surgery. If a patient presents with post-operative
symptoms following SLAP repair, a physical examina-
tion should be performed, and the physician should
determine (1) the location, duration, and onset of pain,
(2) whether symptoms are new or continued, (3) the
presence of any new injuries, and (4) the range of
motion in both shoulders. Post-operative stiffness is
generally the most common cause of pain after SLAP
repair and may resolve with non-surgical interventions.
Physical therapy may be used for strengthening and
increasing range of motion, and subacromial and/or
glenohumeral injections can be used for diagnostic or
therapeutic purposes. If there is suspicion of infection,
appropriate laboratory tests should be obtained and treat-
ment with antibiotics should be pursued. If non-surgical
strategies fail, diagnostic imaging and diagnostic arthros-
copy should be performed to identify the cause of pain
and to determine which surgical procedure be per-
formed, if it is required at all [17, 25].

This systematic review identified commonly used
revision surgical techniques to include revision SLAP
repair, biceps tenodesis, subacromial decompression,
subacromial debridement, rotator cuff repair, and remov-
al of loose or prominent hardware/sutures. According to
Werner et al., biceps tenodesis is recommended as the
surgical intervention in most patients with failed SLAP
repair, particularly middle-aged patients and younger
patients with pathology of the long head of the biceps
tendon. Revision SLAP repair is recommended for
younger patients (35 years or less) with no significant
pathology of the long head of the biceps tendon, and
biceps tenotomy is recommended for patients older than
65 years [25]. Patients should be counselled about the
risks of cosmetic deformity, failure, and other complica-
tions associated with biceps tenotomy. However, the
procedure for the management of a failed SLAP repair
should always be tailored to the underlying reason for
failure of the index procedure.
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In this review, we found only one case of complica-
tion from among 80 patients (1/80, 1.25%), transient
musculocutaneous nerve neurapraxia after open biceps
tenodesis that resolved post-operatively and did not re-
quire further surgical intervention [9]. Additionally, no
revision failures or re-operations were reported. This is a
promising result; however, it is likely an underestimation
due to selective reporting, limited follow-up time, and
small sample size. Furthermore, there is a high level of
heterogeneity across studies to draw certain conclusions.

The strengths of this systematic review include a
comprehensive search strategy using multiple large
medical databases, screening and data extraction con-
ducted in duplicate with a high level of interrater
agreement, and a mean MINORS score indicating fair
quality of evidence of included studies. This systematic
review is limited by the level of evidence of the in-
cluded studies, as the studies were primarily case se-
ries. Additionally, most studies lacked a comparative
group, precluding any formal meta-analysis. Further-
more, significant heterogeneity was present among in-
cluded studies, particularly with respect to the reason
for failed SLAP repair, the surgical revision interven-
tion, and the measures utilized to report outcomes.
Large high-quality randomized trials are required to
definitively provide evidence to support the optimal
treatment for failed SLAP repair.

In conclusion, the most common reason for failed
SLAP repair was persistent post-operative mechanical
symptoms after index procedure that were not resolved
after conservative treatment. There are several interven-

tions for failed SLAP repair that have demonstrated
improved post-operative outcomes. Return to duty rates
following revision to biceps tenodesis were significant-
ly higher than those after revision SLAP repair; how-
ever, when compared to primary SLAP repair, biceps
tenodesis demonstrated no statistically significant dif-
ferences. According to our findings and those of other
studies, biceps tenodesis is generally the recommended
surgical technique for failed SLAP repair, especially in
older patients and patients with a concomitant patholo-
gy of the long head of the biceps tendon. Younger
patients may require revision SLAP repair. Due to
significant heterogeneity and lack of comparative
groups, further statistical analysis could not be con-
ducted. Large high-quality randomized trials are re-
quired to provide definitive evidence to support the
optimal treatment for failed SLAP repair.
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Table 3 Search strategy

MEDLINE: 665 EMBASE: 861 PUBMED: 9
Search strategy: Search strategy: Search strategy:

1. SLAP*.mp. 1. SLAP*.mp. (SLAP* OR superior labrum
OR labrum OR superior labrum
anterior to posterior) AND
(manag* OR revis* OR
Reoperation OR fail* OR
Treatment Failure) AND
pubstatusaheadofprint

2. superior labrum.mp. 2. superior labrum.mp.
3. labrum.mp. 3. labrum.mp.
4. Superior labrum anterior to posterior.mp. 4. Superior labrum anterior to posterior.mp.
5. manag*.mp. 5. manag*.mp.
6. revis*.mp. 6. revis*.mp.
7. Reoperation/ 7. Reoperation/
8. fail*.mp. 8. fail*.mp.
9. TREATMENT FAILURE/ 9. TREATMENT FAILURE/
10. 1 or 2 or 3 or 4 10. 1 or 2 or 3 or 4
11. 5 or 6 or 7 or 8 or 9 11. 5 or 6 or 7 or 8 or 9
12. 10 and 11 12. 10 and 11
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