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Long-Term Preoperative Nonsteroidal
Anti-inflammatory Drug Use Does Not Impact

Revision Rate After Repair of Rotator Cuff, Achilles,
Distal Biceps, or Quadriceps Tendon
Romir Parmar, B.S., Sailesh V. Tummala, M.D., Alejandro Holle, B.S., Jose Iturregui, M.D.,
Alexander J. Hoffer, M.D., and John M. Tokish, M.D.
Purpose: To determine whether long-term preoperative nonsteroidal anti-inflammatory drug (NSAID) use affected the
revision rates after primary tendon repair for the following common sports medicine surgical procedures: rotator cuff
repair (RCR), Achilles tendon repair (ATR), distal biceps repair (DBR), or quadriceps tendon repair (QTR). Methods: A
retrospective comparative study using a national insurance database was performed. Patients who underwent major
tendon repair, including RCR, ATR, DBR, or QTR, with at least 2-year follow-up were identified. Those who had a
diagnosis of long-term NSAID use prior to the index operation were identified and matched 1:4 to controls without NSAID
use based on age, sex, specific tendon repaired, and Elixhauser Comorbidity Index. The revision repair rates of the 2
groups were compared. Results: A total of 36,068 patients underwent major tendon repair. Of these, 7,246 (20%) met
the long-term NSAID use criteria prior to tendon repair (NSAID users). After RCR, 3.2% of NSAID users (n ¼ 190) and
2.6% of controls (n ¼ 617) underwent revision surgery within 2 years (odds ratio [OR], 1.15; 95% confidence interval
[CI], 0.97-1.36; P ¼ .10). After ATR, NSAID users had a revision rate of 3.9% (n ¼ 24) versus 2.5% (n ¼ 62) in the control
cohort (OR, 1.47; 95% CI, 0.89-2.38; P ¼ .12). After DBR, both NSAID users and controls had fewer than 11 revision cases
(OR, 1.54; 95% CI, 0.49-4.16; P ¼ .42). After QTR, the revision rate was 5.9% (n ¼ 30) for NSAID users compared with
4.8% (n ¼ 95) for the control group (OR, 1.22; 95% CI, 0.77-1.86; P ¼ .38). None of the observed differences in revision
rates between NSAID users and controls were significant. Conclusions: Patients with a diagnosis of and coding for long-
term preoperative NSAID use do not have greater revision rates within 2 years of primary tendon repair than patients
without this diagnosis. Level of Evidence: Level III, retrospective case-control study.
onsteroidal anti-inflammatory drugs (NSAIDs) are
Nwidely used in the management of inflammation
and associated pain.1,2 Musculoskeletal systemerelated
conditions affect a large proportion of the United States
population, and approximately 95% of patients with
chronic musculoskeletal pain have been prescribed
NSAIDs at least once.3-5 Disorders associated with long-
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term pain can have major negative impacts on an in-
dividual’s physical, social, and psychological health, as
well as his or her overall quality of life.6 Many patients
with chronic pain due to inflammatory and degenera-
tive conditions use NSAIDs regularly to assist in daily
pain management.7

The primary mechanism of action of NSAIDs occurs
through blocking cyclooxygenase (COX), which is an
important enzyme in the production of prostaglandins,
inflammatory mediators from arachidonic acid.8

Although NSAIDs are beneficial in reducing pain to
allow movement and function,9 they may have a nega-
tive impact on soft-tissue integrity.10 When a soft-tissue
injury occurs, the natural response of the human body
is to upregulate the inflammatory pathways, which play
an important role in tissue healing.11,12 However,
NSAIDs reduce the production of inflammatory media-
tors such as prostaglandins and are thought to interfere
with these physiological soft-tissue healing processes.13
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A number of animal studies investigated the effect of
NSAIDs on tendon and ligament healing, but the results
were conflicting.1,14-24 There remains a paucity of
literature on the effect of long-term NSAID use on soft-
tissue healing in humans. One recent randomized
controlled trial by Tangtiphaiboontana et al.25 showed
that patients who were prescribed postoperative
ibuprofen for 2 weeks after rotator cuff surgery did not
have an increased risk of tendon retear compared with
the control group. Prostaglandins play a role in bone
healing given that they are produced by osteoblasts
after COX-2 upregulation.26

Similar to tendon and ligament healing, there is
conflicting evidence surrounding NSAID use and bone
healing.27 A recent meta-analysis by Al Farii et al.28

suggested that NSAID use may be associated with
fracture nonunion and the dose duration may have an
inverse relation with the risk of nonunion. However, a
study by Kim et al.29 showed that NSAIDs have no
short-term impact (<3 weeks) on bone healing. Bone
healing is also of interest in tendon repair surgical
procedures because they rely on healing of the bone-
tendon interface through onlay or inlay fixation
methods such as suture anchors, bone tunnels, or
interference screws.30,31

Although the effect of postoperative NSAID use on
soft-tissue healing after orthopaedic sports medicine
procedures has been assessed,22 there is limited evi-
dence on the effect of preoperative long-term NSAID
use. The purpose of this study was to determine
whether long-term preoperative NSAID use affected
the revision rates after primary tendon repair for the
following common sports medicine surgical procedures:
rotator cuff repair (RCR), Achilles tendon repair (ATR),
distal biceps repair (DBR), or quadriceps tendon repair
(QTR). We hypothesized that there would be no dif-
ference in the revision rates after tendon repair in long-
term NSAID users compared with individuals who did
not regularly use NSAIDs on a long-term basis
preoperatively.

Methods

Data Source
This study used patient data from the PearlDiver

Mariner Database (PearlDiver, Colorado Springs, CO), a
commercially available administrative claims database
that contains deidentified data from 2010 to 2022. The
M165 data set within the PearlDiver system contains
data on approximately 165 million patients. This data
set allows users to follow certain procedures, diagnoses,
and complications longitudinally using International
Classification of Diseases, Ninth Revision (ICD-9), Interna-
tional Classification of Diseases, Tenth Revision (ICD-10),
and Current Procedural Terminology (CPT) codes. All
data within the database are tracked using these
International Classification of Diseases (ICD) and CPT
codes, without any patient-identifying information
included. Thus, all data from this data set are Health
Insurance Portability and Accountability Act compliant
and were deemed exempt from institutional review
board approval. Studies using this database have been
published in the orthopaedic literature.32,33

Study Design and Cohort Formation
Using CPT codes, we identified all patients who un-

derwent RCR, ATR, DBR, or QTR (Appendix Table 1).
Patients were excluded if they were younger than 18
years. Additionally, only patients with at least 2-year
follow-up within the database were included.
Long-term NSAID users were identified by ICD code

ICD-9-V5864 or ICD-10-D-Z791 for “Long-term (cur-
rent) use of non-steroidal anti-inflammatories.” Ac-
cording to ICD-10 coding guidelines, this code is used for
patients who received NSAIDs for an extended period as
a prophylactic measure or for treatment of a chronic
condition requiring a lengthy course of NSAIDs. This
code is not used formedications being administered over
a brief period or for the treatment of an acute illness or
injury. Although this code does not specify the exact
NSAID used, aspirin is not included under this code.34 To
maximize the probability that patients were actively
taking NSAIDs before the index procedure, only patients
with a diagnosis of chronic NSAID use prior to the index
procedure (NSAID users) were included in this group.
Patients in whom long-term NSAID use was diagnosed
after the procedure were excluded. Controls were iden-
tified as any patients who met the inclusion criteria and
didnot have a diagnosis code for long-term current use of
NSAIDs. In 4 separate matching processes, 1 for each
procedure included, NSAID users were exactly matched
to controls in a 1:4 ratio based on age, sex, andElixhauser
Comorbidity Index.

Outcome Measures
The rate of ipsilateral revision retear surgery within 2

years of the index procedure was obtained for each of
the included tendon repairs. The reoperation proced-
ures only included those that addressed the tendon
retear itself, excluding any other common revision
procedures for infection, joint replacement, and so on.
Laterality was ensured by only including patients who
had ICD-10 codes for a tendon tear that specified lat-
erality on the same day of the index procedure and
revision procedure. Thus, patients whose laterality
could not be determined or those who underwent
bilateral procedures on the same day were excluded.

Statistical Analysis
Demographic variables and comorbidities were

compared between cohorts for each procedure sepa-
rately using independent t tests for continuous variables
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CHRONIC NSAID USE EFFECT ON TENDON RETEAR 3
and c2 tests for categorical variables. Multivariable
logistic regression analyses were used to determine the
effect of long-term NSAID use on the rate of revision
surgery, accounting for demographic variables or
comorbidities that were significantly different between
groups. The level of significance was set at P < .05, and
all data were presented as mean and standard devia-
tion. All analyses were performed using R software (R
Foundation for Statistical Computing, Vienna, Austria)
provided within the PearlDiver database.

Results

Study Cohort
A total of 36,068 patients were included in the

analysis. Of those included, 7,246 (20%) had a diag-
nosis claim for long-term current NSAID use prior to
tendon repair. When evaluated by procedure, 5,940
RCR patients, 620 ATR patients, 175 DBR patients,
and 511 QTR patients took long-term NSAIDs prior to
the index procedure. After matching, there were no
significant differences between NSAID users and the
control group for age, sex, or Elixhauser Comorbidity
Index for any procedure (Table 1). Patients in the RCR
NSAID subgroup were aged 61.0 � 9.4 years, with
56.4% of the patients being women. Patients in the
ATR NSAID subgroup were aged 55.1 � 11.3 years,
with 35.2% of patients being women. Patients in the
DBR NSAID subgroup were aged 55.0 � 9.9 years,
with 1.7% of patients being women. Patients in the
QTR NSAID subgroup were aged 63.2 � 10.9 years,
with 33.9% of patients being women. Across all pro-
cedures, NSAID users were significantly more likely to
use tobacco compared with controls (RCR, P < .001;
ATR, P ¼ .003; DBR, P ¼ .006; and QTR, P < .001).

Rates of Revision Surgery
After RCR, 3.2% of NSAID users (n ¼ 190) and

2.6% of controls (n ¼ 617) underwent revision sur-
gery within 2 years, with an adjusted odds ratio (OR)
of 1.15 (95% confidence interval [CI], 0.97-1.36; P ¼
.10) (Table 2). After ATR, the NSAID users had a
revision rate of 3.9% (n ¼ 24) versus 2.5% (n ¼ 62) in
the control cohort, with an OR of 1.47 (95% CI, 0.89-
2.38; P ¼ .12). Patients who underwent DBR experi-
enced fewer than 11 revision cases in both the chronic
NSAID cohort and the control cohort. On multivari-
able regression, the OR was 1.54 (95% CI, 0.49-4.16;
P ¼ .42). After QTR, the revision rate was 5.9% (n ¼
30) for NSAID users compared with 4.8% (n ¼ 95) for
the control group. On multivariable regression, the OR
was 1.22 (95% CI, 0.77-1.86; P ¼ .38).

Discussion
The main finding of this study was that patients with

a diagnosis of long-term NSAID use did not have



Table 2. Rates of Revision Surgery Compared Between Long-Term NSAID Users and Controls Separated by Procedure

NSAID Users Controls OR 95% CI P Value

Rotator cuff repair 190 (3.2) 617 (2.6) 1.15 0.97-1.36 .10
Achilles tendon repair 24 (3.9) 62 (2.5) 1.47 0.89-2.38 .12
Distal biceps repair <11 <11 1.54 0.49-4.16 .42
Quadriceps tendon repair 30 (5.9) 95 (4.8) 1.22 0.77-1.86 .38

NOTE. Data are reported as number (percentage) unless otherwise indicated.
CI, confidence interval; NSAID, nonsteroidal anti-inflammatory drug; OR, odds ratio.

4 R. PARMAR ET AL.
greater revision rates after major tendon repair
compared with matched controls without this diag-
nosis. A subgroup analysis of RCR, ATR, DBR, and QTR
revealed no difference in revision surgery rates in any
subgroup between the NSAID users and the controls.
These findings suggest that long-term NSAID use may
not adversely affect tendon healing after primary
repair.
NSAIDs are commonly used for pain control in or-

thopaedic sports medicine.35,36 Although they are
effective at reducing pain from acute injuries, they may
delay or decrease tendon healing owing to the
involvement of the inflammatory pathway.37 Addi-
tional research has shown a potential negative impact
of NSAIDs on bone healing after fracture or surgery,
although these effects may be dose and duration
dependent.38-40 Recently, given the harmful adverse
effects and concerns with opioid addiction, the use of
NSAIDs has increased postoperatively.41-43 Given the
potential negative effects on tendon healing and com-
mon postoperative use, recent research has investigated
the relation between revision rates and postoperative
NSAID use after tendon repairs. Most studies have
shown no differences in retear or complication rates
with a short course of postoperative NSAIDs.25,44,45

However, there is still a paucity of literature exploring
the effect of long-term preoperative NSAID use on
tendon repair outcomes. Chronic pain is a common and
difficult problem to manage, with some reports sug-
gesting that up to 20.5% of adults in America experi-
ence daily, chronic pain.46,47 NSAIDs, often chosen as a
first-line treatment for chronic pain, are very effective
at helping in managing symptoms.9 However, the use
of these medications has known adverse effects such as
damage to the gastric lining,48 renal system,49 and
cardiovascular system.50 NSAID adverse effects on the
musculoskeletal system must not be overlooked either.
Physiological tendon healing occurs in 3 phases,

including an inflammatory phase, which removes
necrotic tissue; a proliferative phase; and a remodeling
phase.51 During the inflammatory phase, mediators
such as prostaglandins are produced to provide a vas-
odilatory effect and allow the migration of other
important proinflammatory molecules to the injured
site.52 Because the main mechanism of action of
NSAIDs is to reduce the number of prostaglandins, the
inflammatory phase of tendon healing may be the most
impacted. However, tendon healing is an extensive,
multifactorial process with numerous key pathways
and molecules. During the proliferative phase, tendon
cells synthesize new collagen type III molecules, which
are then replaced by more durable collagen type I fibers
during the final remodeling phase.53 Prior in vivo
research has shown that although NSAID administra-
tion does inhibit tenocyte proliferation, it does not
inhibit collagen synthesis.54 Additionally, growth fac-
tors such as transforming growth factor b are heavily
involved through all phases of tendon healing.55 One
study showed that ibuprofen treatment in tendino-
pathic human tendon did not lead to any changes in
transforming growth factor b or collagen expression.56

Thus, the negative effects of NSAIDs on the prosta-
glandin pathway may not be detrimental enough to
clinically impact tendon healing given that other
essential processes in tendon healing are not affected.
Our study findings strengthen this hypothesis because
long-term NSAID use did not significantly affect the
revision rates of major tendon repair compared with
controls.
It is important to note that the effects of NSAIDs

depend on duration, dose, and type of medication. For
instance, a randomized controlled trial by Oh et al.
found high rotator cuff retear rates in patients who
were taking postoperative celecoxib but not in patients
who were taking ibuprofen.57 Although both medica-
tions are considered NSAIDs, they have different
selectivity for the COX enzyme, leading to different
downstream effects. A scoping review of both clinical
and animal studies by Ghosh et al. found that selective
COX-2 inhibitors, such as celecoxib, were associated
with negative effects on soft-tissue healing after surgery
compared with nonselective COX inhibitors, such as
ibuprofen, which had no negative effects on soft-tissue
healing.58 Whereas most of the research on NSAID use
and tendon healing is focused on the effects of acute
NSAID use on tendon healing, this study explored long-
term preoperative NSAID use. Our study findings sug-
gest that preoperative long-term NSAID use is safe and
will not result in an increased risk of tendon rerupture
after surgical repair.
The largest subgroup in this study comprised patients

who underwent RCR, with 5,940 patients in the NSAID
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group and 23,695 patients in the control group.
Shoulder pain is one of the most common musculo-
skeletal pain syndromes, and use of NSAIDs as a
first-line modality is common owing to pain control
efficacy and quality-of-life improvement.59-61 Thus,
even after a long trial of NSAIDs to manage symptoms,
many of these patients ultimately undergo RCR.62 In
the current literature, revision rates for rotator cuff
surgery range from 3.8% to 21%, and depend on
various aspects including age, tear size, and muscle
quality.63,64 Our study found revision rates of 3.2% for
the NSAID group and 2.6% for the control group,
which is consistent with previous literature. These
findings are reassuring, showing that the use of NSAIDs
prior to rotator cuff surgery may not increase the risk of
needing a revision procedure.
The other subgroups in this study were DBR, QTR,

and ATR. The revision rate for each of these repairs was
below 6%, which is similar to the previous rates re-
ported in the literature.65-67 Although patients under-
going these surgical procedures made up a lower
percentage of the study population (17.8% total), the
outcomes of these procedures are still important to
discuss to assess for any differences in the effects of
NSAIDs based on tendon location and/or function.
Moreover, the sparse amount of clinical research that
discusses NSAID use effects on these specific tendons
makes it an interesting area of future research.

Limitations
This study is not without limitations. The use of a

large retrospective database has associated limitations.
Because the PearlDiver database is dependent on
administrative data, such as ICD and CPT codes, any
coding errors made by providers will result in inaccur-
acies that cannot be addressed. Furthermore, this
database does not typically include patient-reported
outcome measures, which are important to discuss
when assessing a patient’s perspective on his or her
health and surgical outcomes. Because the diagnosis
code used in this study was for “Long-term (current)
use of non-steroidal anti-inflammatories,” it included
all types of NSAIDs, and it was not possible to evaluate
what kinds of NSAIDs were used with more granu-
larity. NSAIDs can be subcategorized based on their
specificity for the COX isozyme, which can result in
different biochemical effects. Addressing the different
types of NSAIDs and their effects on revision rates is an
important topic for future research. Despite the ICD
code stating “long-term,” it was not possible to deter-
mine the exact amount of time during which the pa-
tient cohort was taking NSAIDs or the amount of
NSAIDs taken. Furthermore, it is important to mention
that although patients with a diagnosis of long-term
NSAID use after the initial procedure were excluded,
this does not completely omit all patients who may
have taken NSAIDs postoperatively for pain control or
other reasons. This also does not account for patients
who may have taken NSAIDs without consulting a
physician or reporting this to another health care pro-
vider because they are over-the-counter medications.
Moreover, demographic analysis of the study cohorts
showed that patients in the NSAID group were more
likely to be tobacco users, which could be a con-
founding variable. Particularly in terms of the RCR
group, there may have been patients who underwent
reverse total shoulder arthroplasty instead of revision
RCR, given the age group in this study. Thus, the
omission of patients who underwent reverse total
shoulder arthroplasty may have resulted in an under-
representation of the number of RCRs that failed.
Additionally, the data were not able to be disaggregated
by sex and/or gender owing to the nature of data query.

Conclusions
Patients with a diagnosis of and coding for long-term

preoperative NSAID use do not have greater revision
rates within 2 years of primary tendon repair than pa-
tients without this diagnosis.
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