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Abstract

Introduction: Previous literature has shown a high revision rate after a SLAP repair operation, which led to a decreased number 
of SLAP repairs being performed and an increased emphasis on patient selection. The transition to the ICD-10 coding system has 
allowed for more descriptive coding, enhancing the validity of the data mined from large databases. This study aims to assess the 
surgical revision rate, risk factors for revision, and subsequent procedures after a superior labrum anterior and posterior (SLAP) 
repair surgery.

Materials & methods: Data for the study were obtained from the national private insurance database Pearl Diver (years 2007 - 
2020). All included patients underwent their fi rst SLAP repair surgery with at least two years of follow-up. Patients were queried 
using Current Procedural Terminology (CPT) code 29807 and concurrent ICD-10 shoulder pathology diagnosis codes. The database 
was used to determine the revision rate of Subsequent Shoulder Procedures (SSP). The time between index surgery and subsequent 
procedures was noted. Finally, a logistic regression analysis with a signifi cance cut-off of p ≤ 0.05 was conducted to determine the 
risk factors for a subsequent procedure after a SLAP repair.

Results: Out of 91 million patients, 15,958 patients (16,611 shoulders) met the criteria for the study. 1,389 (8.36%) repaired 
shoulders underwent a subsequent shoulder procedure on average 1.13 years after their initial SLAP repair. Younger age (OR = 1.01), 
elevated CCI (OR = 1.07), female gender (OR = 1.3), tobacco use (OR = 1.37), and obesity (OR = 1.21) signifi cantly increased the risk 
of a subsequent shoulder procedure. Subacromial decompression, debridement, rotator cuff repair, manipulation under anesthesia, 
and revision SLAP repair were the most common subsequent procedures. 

Discussion: An additional procedure may be necessary for approximately 1 in 12 patients a year after SLAP repair surgery. 
Patients who are younger, female, obese, have an increased CCI, and use tobacco are at increased risk of undergoing a revision 
procedure. Overall, the rate of revision procedures patients experience after a SLAP repair is less than initially reported. 
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Introduction

Superior labrum anterior to posterior (SLAP) tear repairs 
are a common procedure in the shoulder [1]. From 2002 to 
2010, the popularity of these repairs grew immensely (with 
some studies suggesting SLAP repairs have an incidence of 
1.2% -11.8% in arthroscopic shoulder surgery) [2]. However, 
after 2010 - 2012, the frequency of SLAP repair surgeries 
declined due to unfavorable outcomes and the need for 
secondary procedures [3]. As such, indications for SLAP repair 
surgery garnered much attention, and it has been reported that 
SLAP procedures make up < 3% of all shoulder procedures [4-
8]. Several studies have reported a higher failure of the SLAP 
repair procedure, particularly in patients older than 35 to 40 
[9-15]. Thus, SLAP repair has been indicated for athletes and 
younger patients, while biceps tenodesis (BT) is recommended 
for older patients [10,16].

Overall, research regarding outcomes and the need for 
revision surgery after a SLAP repair has produced mixed results, 
and factors associated with revision surgery require further 
investigation. Considering the advancements and increasing 
familiarity with arthroscopy techniques and technologies, 
it is important to re-evaluate the effects of the SLAP repair 
procedure in the modern setting. Recent transitions to the 
International Classifi cation of Diseases 10th edition (ICD-10) 
coding system and software development have allowed for 
more accurate and versatile mining of large patient databases. 
This update has provided a unique opportunity to identify and 
analyze the side of the body affected by pathology (right/left) 
and procedural outcomes for SLAP repair surgeries.

This study aims to assess the surgical revision rate and 
subsequent procedures after a SLAP repair surgery. Given the 
increased awareness of SLAP repair indications and outcomes, 
improvements in arthroscopic technology and techniques, and 
improved patient selection, our team hypothesizes that the 
overall surgical re-operation is lower than previously thought. 

Methods

The team data-mined an insurance-based patient record 
database aggregated by the Pearl Diver Database (www.
pearldiverinc.com). The Pearl Diver Database compiles data 
from multiple insurance providers, including private and 
public sector information from sources such as Humana and 
Medicare. The version of the database used provided access to 
de-identifi ed information from 91 million patients spanning 
2007 to 2020. This database was chosen due to its ability to study 
diverse populations across the United States longitudinally. The 
data relevant to this study spans basic patient demographics, 
provider information, and procedural volumes. Information 
is sorted based on International Classifi cation of Diseases, 9th 
Revision (ICD-9) diagnoses and procedures, International 
Classifi cation of Diseases, 10th Revision (ICD-10) diagnoses and 
procedures, Current Procedural Terminology (CPT) codes, and 
National Drug Code directory (NDC). This study was exempt 
from institutional review board approval because it used de-
identifi ed data. 

Study cohort

The base population was queried for patients who 
underwent their fi rst arthroscopic SLAP repair procedure based 
on CPT-29807 with a concomitant same-day ICD-10 diagnosis 
code delineating if the shoulder pathology repaired occurred in 
the patient’s right or left shoulder (Appendix 1- Query). The 
ICD-10 coding system was used instead of the ICD-9 procedure 
because of the ability to distinguish which shoulder the surgery 
was performed on. Patients without this concomitant ICD-10 
diagnosis code were excluded from the study. Patients were 
required to be active in the database for at least six months 
before the SLAP repair and at least two years after the procedure. 
This developed a base population of n = 15,958 patients (16,611 
shoulders) (Figure 1). The demographics of this population are 
provided in Table 1. 

Subsequent procedures after index surgery 

The primary outcome of this study was the rate of subsequent 
shoulder procedures after a SLAP repair. This outcome was 
evaluated by examining all subsequent open, closed, and 
arthroscopic shoulder procedures (SSP) that the shoulder could 
have undergone after the index surgery. SSPs were defi ned by 
codes CPT-23000: CPT-23335, CPT-23395: CPT-23929, and 
CPT-29805: CPT-29828. This selection was determined to 
exclude injection-based procedures such as arthrocentesis/
injections with and without ultrasound guidance (CPT- 20600-
20611) and injection procedures for shoulder arthrography or 
enhanced CT/MRI shoulder arthrography (CPT-23350). All 
procedural codes were also run for same-day ICD-10 diagnosis 
codes to improve the likelihood that all subsequent procedures 
occurred in the same shoulder as the index SLAP repair (Figure 
1). The demographics of these populations that underwent an 
SSP after SLAP repair are located in Table 1. 

Figure 1: Flowchart Cohort illustration for the Design of Study.
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Statistical analysis

Pearl Diver has a built-in statistical software modeled 
after R. Our team decided to conduct a multivariable binomial 
generalized logistic regression analysis to identify risk factors 
for patients who experienced subsequent procedures after a 
SLAP repair. Variables included patient demographics such 
as age, Charlson Comorbidity Index (CCI), gender, diabetes, 
smoking, and obesity at or before the index procedure. Odds 
Ratios and 95% Wald CIs (based on asymptotic normality) were 
calculated for all prospective risk factors. A time between the 
index procedure and SSP was conducted. 

Results

Demographics 

Of the 91 million patients in the database, 15,958 patients 
(16,611 shoulders) underwent a SLAP repair and met the criteria 
for the study. This included 5,837 females and 10,121 males 
with an average age of 43. One thousand three hundred eighty-
one patients (8.65%) (1,389 shoulders (8.36%)) underwent an 
SSP after their SLAP repair. These Patients were an average age 
of 42 at the time of their SLAP repair surgery. This included 583 
females and 798 males. For a more detailed summary of cohort 
demographics (Table 1). 

Statistical analysis 

The average time between SLAP Repair and SSP was 414 
days (1.13 years) (Table 2). Of the variables analyzed at the time 
of patient’s SLAP repair, decreased age (p = 4.83 x 10-7, OR = 
1.01), increased CCI (p = 0.0003 OR = 1.07), female gender (p = 
5.63 x 10-6, OR = 1.30), tobacco use (p =1.68 x 10-7, OR = 1.37), and 

obesity (p = 0.002, OR = 1.21) signifi cantly increased the risk of 
undergoing a SSP after a SLAP repair. A history of diabetes (p = 
0.59) was not a signifi cant risk factor for patients undergoing 
an SSP after their SLAP repair (Table 3). 

SSP

The fi ve most common SSP that patients underwent 
after their SLAP repair were arthroscopic decompression of 
subacromial space with partial acromioplasty with or without 
coracoacromial release (CPT - 29826) (n = 297), extensive 
arthroscopic debridement (CPT - 29823) (n = 266), arthroscopic 
rotator cuff repair (CPT - 29827) (n = 212), manipulation under 
anesthesia (MUA)(CPT - 23700) (n = 211), and arthroscopic 
repair of SLAP lesion (CPT - 29807)( n = 199). See Table 4.

Discussion

The current study demonstrates a decrease in revision rates 
of SLAP repair when compared to historical data. Heightened 
awareness regarding SLAP repair indications, outcomes, and 
advancements in technology, technique, implants, and patient 
selection over time may contribute to this decline. The current 
study validates this fi nding, demonstrating ~8% risk of 
patients undergoing an SSP less than 1.5 years after their index 
procedure, which is lower than historically reported outcomes 
of 37% failure rate and 28% re-operation rate for patients who 
underwent a SLAP repair, with an average time to failure time 
of 11.8 months in patients followed for an average of 3.5 years 
[14].

With rehabilitation and return to activity from the initial 
SLAP repair often approaching more than six months, further 
surgery has signifi cant emotional, fi nancial, and clinical 
implications. Assuming a 6-month recovery period after their 

Table 1: Patient Demographics.

Base SSP

Total    

# of Patients 15,958 1,381

# of Shoulders 16,611 1,389

Gender of Patients    

Female 5,837 583

Male 10,121 798

Age    

Min. 13 13

1st Qu. 31 30

Median 44 44

Mean 43.22 42.18

3rd Qu. 55 54

Max. 80 80

Laterality of the Shoulder    

Right 9,512 818

Left 7,099 571

% Conversion    

Patient   8.65

Shoulder   8.36

Table 2: Average time between index and subsequent procedure.

Std Dev [Days (Years)] 367 (1)

Mean [Days (Years)] 414 (1.13)

Median [Days (Years)] 287 (0.79)

Table 3: Signifi cant Risk Factors.

Risk factor Odds Ratio Walds CI (2.5% - 97.5%)

Decreased Age 1.01 1.01 - 1.01

CCI 1.07 1.03 - 1.10

Female Gender 1.3 1.16 - 1.46

Tobacco Use 1.37 1.22 - 1.53

Obesity 1.21 1.07 - 1.37

Table 4: Top 5 Subsequent Surgical Procedures.

Procedure # % of Base Population

Subacromial decompression 297 1.79

Extensive debridement 266 1.60

Rotator cuff repair 212 1.28

Manipulation Under Anesthesia 211 1.27

Slap repair 199 1.20



015

https://www.organscigroup.us/journals/annals-of-musculoskeletal-medicine

Citation: Vohra A, Yao S, Hui C, Hustedt J, Lederman E, Shah A. Incidence of Future Shoulder Procedures after SLAP Repair. Ann Musculoskelet Med. 2025: 9(1): 
012-016. Available from: https://dx.doi.org/10.17352/amm.000036

second procedure, a patient who undergoes a second shoulder 
procedure 1.25 - 1.5 years after their initial surgery can spend 
~2 years of their life resolving their initial pathology. While 
SLAP repairs confer a 2.08 QALY increase over continued 
non-operative treatment of SLAP tears, two years of shoulder 
disability is not inconsequential [12]. Shoulder lesions have 
been shown to signifi cantly affect an individual’s mental and 
physical quality of life [17]. Additionally, one must also consider 
that the entire healthcare ecosystem feels the fi nancial burden 
of healthcare resources from 2 years of offi ce visits, imaging 
acquisition, physical therapy appointments, operating room 
costs, etc. 

Younger patients, have increased CCI, are female, obese, 
and tobacco users at the time of their fi rst SLAP procedure, 
were found to be at a signifi cantly increased risk of undergoing 
a SSP. These risk factors, identifi ed by our study, align with 
previous literature on this topic. While the analysis found that 
younger patients were at a statistically signifi cant increased 
risk for undergoing an SSP with an OR of 1.01, with an OR so 
close to 1, the authors cannot provide recommendations on the 
clinical signifi cance of this fi nding. Given the known historical 
failure rate or complication rate of SLAP repairs in patients over 
40 years old, with multiple studies demonstrating satisfactory 
outcomes for biceps tenodesis in this group, an emphasis on 
biceps tenodesis for those patients has been recommended 
[10,12,14,18]. This could have resulted in a selection bias 
against older patients undergoing a SLAP repair, which may 
have affected the fi ndings of our study, as our data incorporates 
data from 2015 onward.

With the focus historically highlighting biceps tenodesis 
after a failed SLAP repair, this is the fi rst known study evaluating 
the risk of a comprehensive list of additional procedures on 
the shoulder post-SLAP repair, showing that biceps tenodesis 
was not among the top 5 procedures after a SLAP repair within 
2 years of the index surgery. In our fi ndings, three of the 
fi ve most common procedures after a SLAP repair fall under 
the umbrella of commonly mentioned revision/follow-up 
procedures after a SLAP repair: subacromial decompression, 
extensive debridement, and revision SLAP repair. Two 
important fi ndings were the presence of manipulation under 
anesthesia and rotator cuff repair, which are two of the most 
common procedures. While it is reasonable to ascertain that 
patients with shoulder pathology may develop post-operative 
stiffness requiring manipulation under anesthesia, it is 
important that future studies further evaluate concomitant 
pathology, iatrogenic injury, and post-operative protocols to 
address other pain generators, surgically related pathology, 
and reduce shoulder stiffness, respectively. These fi ndings also 
suggest that further exploration may be needed to establish 
why a rotator cuff repair was indicated, because the fi ndings 
may highlight the possibility of iatrogenic damage to the 
rotator cuff due to port placement as a possible complication 
of arthroscopic procedures, missed injury on initial evaluation, 
or another cause altogether. Because these top 5 procedures 
only comprise a proportion of all the SSPs performed, some 
may be related to misdiagnosed initial pathology, where the 
SLAP repair failed to address the patient’s surgical concern. 

Should this be the case, then the rate of SSP after SLAP repair 
in appropriately selected individuals may be less than what 
we have found in this study. This would support the fact that 
the fi eld’s advancement is even further than estimated by this 
study. 

Limitations

There are some limitations to the present study. As a 
retrospective review, selection bias for patients is an inherent 
issue that cannot be overlooked. Additionally, this database 
is based on insurance billing data, which is potentially not 
as accurate as other databases that have specialized intake 
personnel, such as the National Surgical Quality Improvement 
Program (NSQIP) database. It also lacks specifi c patient 
data, with the possibility of misdiagnosis and inconsistent 
indications for SLAP repair. Requiring a concomitant ICD-10 
diagnosis code for both the initial and revision procedures to 
ensure that both the index and revision procedures occurred 
in the same arm eliminated all patients who may have had an 
unspecifi ed diagnosis code at either time point. This limited our 
patient population and may have underestimated the overall 
revision rate. Lastly, the ICD-10 coding scheme has only been 
in effect since quarter 4 of 2015, and the database only has data 
until 2020, which limits the length of follow-up possible. 

Conclusion

Despite these limitations, to the author’s knowledge, this 
is the largest and most comprehensive database study used to 
shed light on clinical outcomes nationally after SLAP repair. 
With a stronger focus on value and evidence-based medicine 
today, the current study advocates for stronger indications 
when considering SLAP repair in patients. Even with current 
advancements, 1 in 12 patients treated operatively for a SLAP 
repair undergo a SSP within 1.5 years from surgery. Patients 
should be counseled that the risk of subsequent surgery 
entails not only a biceps tenodesis but also other procedures. 
Additionally, surgeons must be aware of preoperative, 
intraoperative, and postoperative considerations that may lead 
to additional surgery in SLAP patients. 

(Appendix)
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