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Abstract

Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most widely used and prescribed medications
because of their important role in reducing inflammation and pain, in addition to their non-addictive
properties and safety profiles. However, some studies have documented an association between NSAIDs and
delayed union or nonunion of joint arthrodesis procedures due to a potential inhibition of the bone’s
inflammatory healing response. As a result, some orthopedic surgeons hesitate to prescribe NSAIDs after an
arthrodesis procedure. The purpose of this meta-analysis is to review all relevant literature regarding the
effect of NSAIDs on union rates after arthrodesis and determine if NSAID therapy increases the risk of non-
union in the setting of arthrodesis procedures. The study hypothesis was that NSAIDs would not have a
significant effect on the risk of nonunion after arthrodesis.

A thorough systematic review of Medline, Embase, the Cochrane Database of Systematic Reviews, and the
Web of Science identified 3,050 articles to be screened. The variables of interest encompassed demographic
factors, procedural details, type and administration of NSAIDs, the number of patients exposed to NSAIDs
with and without successful union (case group), as well as the number of patients who did not receive
NSAIDs with and without successful union (control group). All the data were analyzed using a maximum
likelihood random-effects model. The number of non-union events versus routine healing from each study
was used to calculate the odds ratio (OR) of successful healing after arthrodesis procedures with versus
without NSAID therapy.

Thirteen articles met the inclusion criteria for the meta-analysis. NSAID exposure showed an increased risk
of nonunion, delayed union, or both following arthrodesis procedures; however, this did not meet statistical
significance (OR, 1.48; confidence interval [CI], 0.96 to 2.30). A sub-analysis of pediatric and adult studies
showed a significant increase in non-union risk in adults (OR, 1.717; CI, 1.012 to 2.914) when removing the
pediatric cohort (p = 0.045).

This meta-analysis provides evidence that NSAIDs can increase the risk of nonunion, delayed union, or both
following arthrodesis procedures in adults. However, the study did not identify a risk of nonunion, delayed
union, or both following arthrodesis procedures in the pediatric population.

Categories: Other, Pain Management, Orthopedics
Keywords: non-steroidal anti-inflammatory, opioids, pain management, nonunion, malunion, arthrodesis

Introduction And Background

Nonsteroidal anti-inflammatory drugs (NSAIDs) have gained popularity as a favorable option for managing
pain and inflammation owing to their non-addictive properties and low-risk safety profiles [1]. This is
particularly significant in light of the opioid epidemic and specifically with the increase in opioid-related
deaths, with more than half a million people succumbing to prescription or illicit opioid overdoses since
1999 [2]. The surge in opioid-related death rates emphasizes the need for safer pain management protocols
that reduce reliance on opioids and mitigate associated risks such as addiction, morbidity, and mortality [3].

As the development of multimodal pain management protocols has gained momentum, the use of NSAIDs
has emerged as an appealing option due to their over-the-counter availability and relatively fewer side
effects compared to other medications for pain control [4]. However, a relevant concern among orthopedic
surgeons is whether the use of NSAIDs for postoperative pain may compromise bone healing, particularly
following joint arthrodesis procedures, due to their potential inhibition of the bone's normal inflammatory
healing response [5,6]. The inhibitory effect of NSAIDs on cyclooxygenase (COX) enzymes, which are
responsible for producing prostaglandins that modulate bone formation and healing, has raised valid
suspicions regarding their impact on the routine bone healing process [7]. Nevertheless, the existing
literature on the effects of NSAIDs on various bone pathologies is inconclusive [8].
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At the cellular level, Pountos et al. conducted a study on osteogenic and chondrogenic mesenchymal stem
cell proliferation and differentiation in the presence of COX inhibition [9]. Their research indicated that
seven COX-1 and COX-2 inhibitors did not inhibit proliferation or osteogenic differentiation at
concentrations ranging from 10-3 to 100 pg/mL. While diclofenac and ketorolac showed some inhibitory
effects on chondrogenic differentiation, COX-2 inhibitors parecoxib and meloxicam exhibited fewer
inhibitory effects on this process. These findings suggest that selective COX-2 inhibitors could have a
reduced inhibitory effect on endochondral bone formation [9]. Studies in animals treated with NSAIDs to
observe successful bony arthrodesis have raised concerns, as they demonstrate an increased risk of impaired
bone healing in the cohort who received NSAIDs [10]. However, results from clinical studies on patients
undergoing spinal arthrodesis procedures with versus without post-operative NSAIDs showed that there was
no clinical evidence to support the categorical discard of NSAIDs for pain relief in uncomplicated cases [11].
Moreover, a shift in thinking in recent years to questioning the true effect of NSAIDs on bone healing has
prompted the question of whether studies conducted before 2005 had sufficient means to determine the true
association of NSAIDs with the rate of non-union after arthrodesis [8].

The adverse effects and high-risk profile of opioid medication have fueled the search for enhanced
multimodal pain management strategies, with a focus on NSAIDs as a potential alternative [12]. However,
the potential inhibition of bone healing following arthrodesis procedures necessitates a thorough review of
recent literature to establish a consensus on NSAID safety in the post-arthrodesis setting. The most current
meta-analysis that reviews the effect of NSAIDs on bone healing after arthrodesis uses studies that compiled
data until October 2016 [13]. This meta-analysis suggested an overall negative effect of NSAIDs on bone
healing. However, this study noted limitations due to the lack of high-quality studies such as randomized
controlled trials, the inclusion of studies involving pediatric patients, and considerable variability between
joint arthrodesis, surgical techniques, and treatment variables between studies [13]. Additionally, the meta-
analysis encompassed data from fractures, arthrodesis, and osteotomies combined, making it challenging to
isolate the specific effect of NSAIDs on the risk of nonunion after an arthrodesis procedure. This is
important to distinguish because the physiology of healing after fracture versus arthrodesis procedures
differs, with arthrodesis typically entailing longer healing times, surgically induced inflammation, higher
complication rates, and more chronic pathologies leading to surgery [14]. On the other hand, fractures have
shorter healing times, encounter natural-onset inflammation if managed nonoperatively, have lower
complication rates, and result from acute trauma [15].

To address these limitations and expand the current knowledge base, this study aims to conduct an up-to-
date meta-analysis focused solely on arthrodesis procedures. The study hypothesis was that NSAIDs will not
have a significant effect on the risk of nonunion after arthrodesis compared to the non-exposed control
group and that NSAIDs may be utilized as a safe and effective alternative for pain management in the setting
of arthrodesis procedures. Additionally, this study hopes to analyze pediatric and adult studies separately to
validate any differences based on age.

Review
Methodology

Literature Search

In June 2023, a comprehensive database search was performed for relevant literature published from January
1, 1990, to June 1, 2023. This search encompassed computerized databases, including MEDLINE (via Pubmed
and Ovid), Embase, the Cochrane Database of Systematic Reviews, and the Web of Science. To ensure the
retrieval of the most complete data on this topic, the lead authors identified key terms and Medical Subject
Heading (MeSH) terms for this search (see appendix).

Inclusion and Exclusion Criteria

This meta-analysis included studies involving adult and/or pediatric patients who underwent arthrodesis
and had been exposed to post-operative NSAIDs. The included studies needed a comparison to a control
group that had not been exposed to NSAIDs. The primary outcome of interest was the occurrence of
abnormal bone healing events, which encompassed nonunion, delayed union, and pseudoarthrosis. All
studies included had a minimum follow-up duration of six months. All relevant randomized controlled
trials, cohort studies, and case-control studies were included in this study.

Study Selection

To ensure a rigorous selection process, each article underwent screening based on the predefined inclusion
criteria (Figure 7). Independent evaluations by two of the authors (ER and JTS) were conducted sequentially,
reviewing titles, abstracts, and full text to determine final inclusion. Articles were included when either one
of the two reviewers deemed the article acceptable. Discrepancies were brought to a third author (SR) and
discussed until a consensus was reached. Kappa and Cohen's scores were calculated to establish concordance
in the title, abstract, and full article selection. In a process known as reference snowballing [16], the authors
manually searched the final 108 eligible article references and included five additional studies that met the
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inclusion criteria.

Identification of studies via databases and registers

5 Records identified from*; Records removed before
® OVID (n = 3364) screening:
g Cochrane (n = 136) Duplicate records removed
=] Embase (n = 365) (n=2889)
8 Web of Science (n = 74)
i
Full titles screened Records excluded
(n = 3050} (n =2579)
v
Abstracts screened for retrieval Reporis not retrieved
E (n = 471) —*| (n=2363)
: 1
] Reports excluded:
i d for eligibility Fracture Study (n = 31)
ull texts assessed for eligibili Animal Study (n = 6)
(n=108) ’ Exposure of interest not
reported (n = 53)
Case Series <5 (n=3)
Systematic Review (n=2)
No Full Text Available (n = 4)
Level 5 Evidence (n=1)
v
- Studies included in review ] ]
g (n=28) Records identified from:
Reports of citation searches < Citation searching (n = 5)
E| | n=5
TOTAL =13

FIGURE 1: PRISMA flow chart of included studies

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Data Extraction and Quality Assessment

Data extraction included patient demographics such as age and sex, in addition to bone type, length of
follow-up, operative technique, specific NSAID used, level of evidence, and the primary outcomes of
interest. Study quality was independently assessed to identify any potential bias. The Newcastle-Ottawa
Scale (NOS) was employed for non-randomized studies, while the Cochrane Collaboration Risk of Bias 2
(RoB 2) scale was used for randomized studies [17,18]. Scores were converted to values of 0, 1, and 2,
respectively, to facilitate data sorting. Studies with a NOS below 5 on the 9-point scale or a Cochrane
Collaboration RoB 2 score of 6 or higher were excluded from the analysis. We also excluded any study that
showed zero events in either the NSAID-exposed or non-exposed group [19].

Statistical Analysis

This meta-analysis adhered to the QUOROM [20] and PRISMA guidelines [21]. Data analysis was performed
using R with the metafor package (RStudio, Boston, MA) [22]. A maximum likelihood random-effects model
to minimize variance was implemented. Pooled effect estimates were expressed as odds ratios (OR) with 95%
confidence intervals (CIs) using the maximum likelihood random-effects model. The OR for each study was
calculated using the number of abnormal bone healing events and nonevents with versus without NSAID
use. All analyses had a significance level () set at 0.05.
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Author

Deguchi et al.
[32]

Glassman et
al. [31]

Munro et al.
[27]

Vitale et al.
[35]

Park et al.
[33]

Reuben et al.
[26]

Sucato et al.
[34]

Pradhan et
al. [25]

Lumawig et
al. [30]

Kim et al. [24]

Bhattacharjee
et al. [29]

Claus et al.
[28]

Pirozzi et al.
[23]

Level of
evidence

1

Results

After removing duplicates, we screened a total of 3,050 articles. One hundred and eight full-text articles
were assessed for eligibility in the meta-analysis, of which eight met inclusion criteria [23-30] (Table 7). The
chance-adjusted kappa scores between the two authors (ER and JTS) for the title screen, abstract screen, and
full-text screen were 0.71, 0.78, and 0.84, respectively. Through a method known as snowballing [16], a
manual search of references from the 108 articles identified five additional papers that met inclusion criteria
and were also included in the final analysis [31-35] (Table ). Notably, all the included studies met the
minimum bias requirements. Included were 12 spines and one foot and ankle study. Ten were retrospective
case-control studies, and three were randomized control trials (RCTs). These 13 studies were included in the
final analysis and underwent final data extraction. The average patient age was 42 (SD 20), and the minimum
follow-up in months was 16 (SD 7.6). The total cohort included 9,929 arthrodesis procedures, of which 3,551
were exposed to NSAIDs and 6,378 were not. There were 522 reported cases of abnormal bone healing, of
which 251 (7.07%) were exposed to NSAIDs and 271 (4.25%) were not. The resulting statistical analysis of the
study pool gave an OR of 1.485 with a 95% CI of 0.957 to 2.304, indicating a non-significant relationship
between NSAID exposure and abnormal bone healing (Figure 2). The individual ORs in the studies reviewed

ranged from 0.604 to 56.25.

Total . # Control # NSAID # Control
Mean Operative # NSAID delayed
Study type sample i normal normal delayed or non- i
. age  technique i i i or non-union
size healing healing union
Retrospective Spinal
83 38 ) 45 12 1 15
cohort fusion
Retrospective Spinal
288 43.8 ) 116 138 5 29
cohort fusion
Spinal
RCT 35 14 ) 7 5 1 1
fusion
Retrospective Spinal
208 134 128 52 19 8
cohort fusion
Retrospective Spinal
88 53 56 25 2 5
cohort fusion
Retrospective Spinal
434 46.1 119 267 11 37
cohort fusion
Retrospective Spinal
319 14.3 156 155 5 3
cohort fusion
Retrospective Spinal
405 56.2 166 216 11 12
cohort fusion
Retrospective Spinal
273 - 19 209 0 45
cohort fusion
Spinal
RCT 80 67.1 ) 36 37 4 3
fusion
Retrospective Spinal
7315 - 5060 2012 173 70
cohort fusion
Spinal
RCT 246 61.2 ) 117 107 11 12
fusion
Retrospective Foot/ankle
{155) 55.6 ) 82 40 28 11
cohort fusion

TABLE 1: Demographic and study characteristics of studies included in the meta-analysis

RCT: randomized controlled trial
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Odds Ratio %
Author (95% CI) Weight
Deguchi, 1998 3 56.25 (6.74, 469.58) 3.40
Glassman, 1998 i — 4.88 (1.83, 13.00) 9.02
Munra, 2002 : 1.40 (0.07, 28.12) 1.90
Vitale, 2003 —“—‘:— 1.04 (0.43, 2.52) 9.83
Park, 2005 i—"— 5.60 (1.02, 30.85) 4.72
Reuben, 2005 —-+— 1.50 (0.74, 3.04) 11.51
Sucato, 2008 R 0.60 (0.14, 2.57) 5.89
Pradhan, 2008 —"'—‘:— 0.84 (0.36, 1.95) 10.22
Lumawig, 2009 i 8.47 (0.50, 142.87) 21
Kim, 2016 —"‘——é— 0.73 (0.15, 3.49) 5.32
Bhattacharjee, 2020 -'-i 1.02 (0.77, 1.35) 15.35
Claus, 2022 —*‘:— 1.19 (0.51, 2.82) 10.07
Pirozzi, 2023 —*—L 0.81 (0.36, 1.78) 10.68
Overall, DL (I* = 60.2%, p = 0.003) @ 1.48 (0.96, 2.30) 100.00

T T

A 1 10

FIGURE 2: Forest plot of odds ratios for adverse bone healing with
versus without NSAIDs use after arthrodesis for included studies

Deguchi et al. [32], Glassman et al. [31], Munro et al. [27], Vitale et al. [35], Park et al. [33], Reuben et al. [26],
Sucato et al. [34], Pradhan et al. [25], Lumawig et al. [30], Kim et al. [24], Bhattacharjee et al. [29], Claus et al.
[28], Pirozzi et al. [23].

Subgroup analysis of pediatric and adult studies demonstrated significant differences between the two
populations. Three studies (n = 562) were included for pediatric subgroup analysis. Of the 224 patients
exposed to NSAIDs, only 12 experienced abnormal bone healing (5.35%). The remaining 291 without
exposure to NSAIDs had 12 abnormal bone healing events (4.12%). Statistical analysis for our pediatric
studies showed that NSAIDs do not negatively affect the bone healing process in pediatric patients (p =
0.821) and yielded an OR of 0.919 and a 95% CI of 0.441 to 1.913 (Figure 53).

Odds Ratio %
Author (95% CI) Weight
Munro, 2002 E +- 1.40 (0.07, 28.12) 5.98
Sucato, 2008 + : 0.60 (0.14, 2.57) 25.63
Vitale, 2003 _‘EJL_ 1.04 (0.43, 2.52) 68.40
Overall, DL (F = 0.0%, p =0.791) <> 092 (0.4, 1.91) 100.00

T T
1

FIGURE 3: Forest plot of odds ratios for adverse bone healing with
versus without NSAIDs use after arthrodesis for only pediatric studies

Munro et al. [27], Sucato et al. [34], Vitale et al. [35].

The adult cohort, on the other hand, did reveal significant findings with regard to fusion rates with versus
without NSAID use. The 10 studies combined for a sample size of 9,367. In total, 3,302 patients were exposed
to NSAIDs, and 239 of them experienced abnormal bone healing (7.24%). Of the 6,062 who were not exposed
to NSAIDs, 246 still experienced an adverse bone healing event (4.06%). The statistical analysis showed that
NSAIDs significantly increased the rate of abnormal bony healing in adults (p = 0.045) with an OR of 1.717
and a 95% CI of 1.012 to 2.914 (Figure 4).
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Odds Ratio %
Author (95% CI) Weight
Pirozzi, 2023 -—4-—v 0.81(0.36, 1.78) 12,81
Kim, 2016 + ‘ 0.73 (0.15, 3.49) 6.98
Pradhan, 2008 —0-—r 0.84 (0.36, 1.95) 12.35
Reuben, 2005 ——0{— 1.50 (0.74, 3.04) 13.62
Claus, 2022 ——-0—4—— 1.19 (0.51, 2.82) 12.20
Bhattacharjee, 2020 = 1.02 (0.77, 1.35) 17.12
Glassman, 1998 —-0-— 4.88 (1.83, 13.00) 11.12
Deguchi, 1998 + 56.25 (6.74, 469.58) 4.62
Park, 2005 ——0— 5.60 (1.02, 30.85) 6.26
Lumawig, 2009 - 8.47 (0.50, 142.87) 2.93
Overall, DL (I = 69.2%, p = 0.001) @- 1.72 (1.01, 2.91) 100.00

T T

A 1 10

FIGURE 4: Forest plot of odds ratios for adverse bone healing with
versus without NSAIDs use after arthrodesis for only adult studies

Pirozzi et al. [23], Kim et al. [24], Pradhan et al. [25], Reuben et al. [26], Claus et al. [28], Bhattacharjee et al. [29],
Glassman et al. [31], Deguchi et al. [32], Park et al. [33], Lumawig et al. [30].

Discussion

After an extensive review of the current literature, this meta-analysis assesses the impact of NSAID
exposure on union rates following arthrodesis procedures, differentiating between pediatric and adult
patients. Contrary to the study's hypothesis, the findings indicate that postoperative NSAID use does
significantly increase the risk of nonunion in adult arthrodesis cases, while no notable association is
observed in pediatrics. The diverse range of odds ratios across the included studies highlights the
heterogeneity in NSAID administration, variations in bone healing among patients, and the influence of
confounding variables. This underscores the need for a standardized approach to NSAID administration
tailored to each patient's unique characteristics.

In 2010, Dodwell et al. conducted one of the initial meta-analyses, comprehensively examining the
association between NSAID exposure postoperatively and the risk of nonunion. In their preliminary analysis
of 11 cohort and case-control studies, the pooled OR showed a significant relationship between nonunion
and NSAID exposure (OR, 3.0; 95% CI, 1.6-5.6) [36]. However, this finding included arthrodesis and fracture
studies in one study. Sub-analysis of their findings into high- and low-quality studies yielded seven spine
arthrodesis studies, which, when analyzed, showed no statistically significant association between NSAID
exposure and non-union (OR, 2.2; 95% CI: 0.8-6.3). All seven of their spine arthrodesis studies were
included in this meta-analysis, which, when pooled, similarly showed no statistically significant increase in
non-union risk. However, the 2010 meta-analysis does not analyze non-union risk based on age, overlooking
the well-understood difference in bone healing between adult and pediatric patients [37]. This study’s
emphasis on age sub-analysis provides evidence that considering age as a risk factor for non-union following
joint arthrodesis is crucial.

Similar to this sub-analysis of adult and pediatric non-union findings, a 2018 meta-analysis performed by
Wheatley et al. demonstrated that inflammatory inhibition by NSAIDs has the potential to yield unfavorable
results in adult patients. Their total pooled adult cohort showed a significantly increased risk of abnormal
bone healing with NSAID use after arthrodesis (OR, 4.9; 95% CI, 1.45-16.58) [13]. However, they included
five arthrodesis studies in their analysis of adult cohorts, while this study's updated meta-analysis
incorporates five additional studies. The subgroup analysis from this meta strengthens the claims made in
the 2018 meta-analysis because the adult sub-analysis showed a significantly increased risk for non-union
following arthrodesis procedures (OR, 1.72; 95% CI, 1.01-2.91). Notably, all five arthrodesis studies from the
research by Wheatley et al. are included in this updated meta-analysis, which similarly shows a significant
relationship between exposure to NSAIDs and bone healing following arthrodesis procedures. Furthermore,
this analysis addresses a limitation of the previous meta-analysis, which noted the absence of RCTs. In
contrast, this study includes three studies with level 1 evidence, contributing to the overall robustness of the
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evidence presented and providing valuable insights to guide orthopedic surgeons in understanding the
safety profile of post-operative NSAID use following arthrodesis procedures.

This study’s findings in the pediatric subgroup analysis correspond to findings made by another meta-
analysis reviewing pediatric spinal arthrodesis healing when exposed to NSAIDs that showed no correlation
between NSAID use and an increased risk of abnormal bony healing [38]. Additionally, the findings by
Wheatley et al. in the 2018 subgroup analysis of pediatric patients found no correlation between NSAID use
and abnormal bone healing (OR, 0.58; 95% CI, 0.27-1.21) [13]. Their cohort of pediatric patients included
two fracture studies and two arthrodesis studies, both of which were incorporated into the present meta-
analysis. Consistent with the results here, their analysis similarly indicates no adverse impact of NSAIDs on
bone healing in pediatric patients following arthrodesis procedures. With the inclusion of one additional
pediatric arthrodesis study in this meta-analysis, the collective evidence from all three studies supports the
use of NSAIDs in pediatric patients. Current literature attributes this low-risk profile in large part to the
robust inflammatory response found in skeletally immature healing responses [39]. These findings should
instill confidence in surgeons when exploring alternatives to opioids in pediatric arthrodesis pain
management.

The strength of this study lies in perceiving the effect on humans alone for directly applicable results. One of
the more recently published studies looking at the effect of NSAIDs on spinal arthrodesis combined animal
studies and human studies into one cohort [8], confusing what could be an abnormal healing event by
animals vs. humans, given their different healing capacities [40]. Additionally, the present meta-analysis is
comprised of high-quality studies, including three RCTs, contributing to the strength of this study. This
meta-analysis also had a large sample patient population, despite the limited number of included studies.
Limitations of the present meta-analysis include a lack of subgroup analysis of specific types of NSAIDs and
dosages of medication. The ability to identify differences between low and high doses of NSAIDs could
further elucidate the overall safety of administering NSAIDs post-operatively. Furthermore, it is important
to interpret the findings of this study with the awareness that variables such as the type of NSAID
administered, dosage, and administration methods were not controlled for. The absence of control for these
factors raises the possibility of unavoidable confounding variables, which could potentially influence the
association between NSAIDs and bone healing following arthrodesis procedures. However, the use of the
random-effects model should potentiate some differences. The study did not control for the types of bones or
the location of arthrodesis. The varying locations, types of bones, and levels fused in spinal arthrodesis may
exhibit different inflammatory properties or responses. Another limitation was the lack of consideration for
smoking status within all studies, given that smoking is one of the greatest risk factors for poor bone healing
following fractures and arthrodesis [41].

In addition to the above-noted limitations of this meta-analysis, limitations stemming from potential bias
must be considered. Many of the reviewed articles showed potential bias despite the use of quality
thresholds. Patients undergoing spinal arthrodesis across multiple levels may encounter elevated pain
scores, potentially leading to increased NSAID exposure. This heightened exposure could pose a risk for
non-unions, suggesting the presence of selection bias. Given the retrospective nature of many included
studies, there is a possibility of recall bias. Patients experiencing unfavorable outcomes, such as non-unions,
may be more likely to recall and emphasize exposures of interest when asked about specific details.
Furthermore, despite the systematic approach to the applied literature search in this meta, there is a non-
zero possibility of overlooking articles that met the inclusion requirements for this study. The exclusion of
non-English articles introduces the potential for missed, relevant studies to be included.

Conclusions

This updated meta-analysis supports the notion that NSAIDs may significantly impact union rates,
specifically in the adult population, following arthrodesis procedures. Nevertheless, the findings in this
meta-analysis do support the safe use of NSAIDs as part of the postoperative pain regimen in pediatric
patients who have had an arthrodesis procedure. Prior to this study, most recent meta-analyses have advised
against NSAID use for post-operative pain control after arthrodesis procedures due to concerns about the
potential risk of delayed union or nonunion. However, individual study results vary in their
recommendations for NSAID utilization. Owing to the heterogeneous types, dosages, and administration
patterns of NSAIDs in the setting of pain management and the differences among arthrodesis locations or
bones fused, a definitive answer regarding the NSAID effect on non-union following arthrodesis cannot be
provided. Without control for various bone types or specific procedures, truly patient-specific pain
management regimens using NSAIDs cannot be achieved. Future studies, particularly RCTs that employ a
standardized pain management regimen, observe a sub-analysis of dose-dependent responses, specify the
NSAIDs used, and consider the timing of administration, would provide the most robust evidence to better
elucidate ideal postoperative pain management strategies after arthrodesis procedures.

Appendices

Literature search
Time

2024 Rowe et al. Cureus 16(3): €56312. DOI 10.7759/cureus.56312 7 of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Database Bones

Ovid

Embase

Web of
Science

Bony OR Bone OR Ankle Bone OR Arm Bone
OR Foot Bone OR Hand Bone OR Wrist Bone
OR Leg Bone OR Pelvic Bone OR Hip Bone
OR Facial Bone OR Femoral OR Femur OR
Fibular OR Fibula OR Humeral OR Humerus
OR Radial OR Radius OR Tibial OR Tibia OR
Ulnar OR Ulna OR Spinal OR Spine OR
Vertebral OR Vertebra OR Sacral OR Sacrum
OR Costal OR Rib OR Clavicular OR Clavicle
OR Carpal OR Metacarpal OR Phalange OR
Tarsal OR Metatarsal

Bony OR Bone OR Bones OR (Arm Bones) OR
(Foot Bones) OR (Hand Bones) OR (Wrist
Bones) OR (Leg Bones) OR (Pelvic Bones) OR
(Hip Bones) OR (Facial Bone) OR Femoral OR
Femur OR Fibular OR Fibula OR Humeral OR
Humerus OR Radial OR Radius OR Tibial OR
Tibia OR Ulnar OR Ulnar OR Spinal OR Spine
OR Vertebral OR Vertebra OR Sacral OR
Sacrum OR Costal OR Rib OR Clavicular OR
Clavicle OR Carpal OR Metacarpal OR
Phalange OR Tarsal OR Metatarsal

Bony OR Bone OR Bones OR Femoral OR
Femur OR Fibular OR Fibula OR Humeral OR
Humerus OR Radial OR Radius OR Tibial OR
Tibia OR Ulnar OR Ulnar OR Spinal OR Spine
OR Vertebral OR Vertebra OR Sacral OR
Sacrum OR Costal OR Rib OR Clavicular OR
Clavicle OR Carpal OR Metacarpal OR
Phalange OR Tarsal OR Metatarsal

2024 Rowe et al. Cureus 16(3): €56312. DOI 10.7759/cureus.56312

Subjects

Human

Human

Human

Injury

Fusion OR
Fusion Surgery
OR Arthrodesis
OR
Pseudoarthrosis

Fusion OR
(Fusion
Surgery) OR
Arthrodesis OR
Pseudoarthrosis

Fusion OR
(Fusion
Surgery) OR
Arthrodesis OR
Pseudoarthrosis

Exposure

Anti-Inflammatory
Agents, Non-
Steroidal OR
indomethacin OR
Ketorolac OR
Ibuprofen OR
Naproxen OR
Diclofenac OR
Celecoxib OR
Mefenamic Acid OR
Etoricoxib OR
Nonsteroid anti-
inflammatory agent
OR Nonsteroid
antiinflammatory
agent OR NSAID

(Anti-Inflammatory
Agents, Non-
Steroidal) OR
Indomethacin OR
Ketorolac OR
Ibuprofen OR
Naproxen OR
Diclofenac OR
Celecoxib OR
Mefenamic Acid OR
Etoricoxib OR
(Nonsteroid anti-
inflammatory agent)
OR (Nonsteroid
antiinflammatory
agent) OR NSAID

(Anti-inflammatory
Agents, Non-
Steroidal) OR
Indomethacin OR
Ketorolac OR
Ibuprofen OR
Naproxen OR
Diclofenac OR
Celecoxib OR
Mefenamic Acid OR
Etoricoxib OR
(Nonsteroid anti-
inflammatory agent)
OR (Nonsteroid
antiinflammatory
agent) OR NSAID

Mesh (Anti-
Inflammatory

Outcome

Union OR
Nonunion OR
Non-union
OR Non-bone
union OR
Healing OR
Malunited OR
Ununited OR
United OR
Adverse Bone
Healing OR
Drug effects
OR Recovery
of Function

Union OR
Nonunion OR
Non-union
OR (Non-
bone union)
OR Healing
OR Malunited
OR Ununited
OR United
OR (Adverse
Bone
Healing) OR
Drug effects
OR
(Recovery of
Function)

Union OR
Nonunion OR
Non-union
OR (Non-
bone union)
OR Healing
OR Malunited
OR Ununited
OR United
OR (Adverse
Bone
Healing) OR
Drug effects
OR
(Recovery of
Function)

Union OR

Factors

(day
OR
days)
OR
(week
OR
weeks)
OR
(month
OR
months)
OR
(year
OR
years)
OR
Time
OR
Time
factors

(day
OR
days)
OR
(week
OR
weeks)
OR

(Time
factors)

(day
OR
days)
OR
(week
OR
weeks)
OR
(month
OR
months)
OR
(year

(Time
factors)

Day OR
days

8 of 11



Cureus

Agents, Non- Nonunion OR  OR
Steroidal) OR Non-union week
Indomethacin OR OR Non-bone OR
Ketorolac OR NEXT union weeks
Bony OR Bo.ne OR Bonclas OR Femoral OR Fracture OR Ibuprofen OR OR Healing OR
Femur OR Fibular OR Fibula OR Humeral OR Broken OR Naproxen OR OR Malunited month
Humerus OR Radial OR Radius OR Tibial OR Fusion OR Diclofenac OR OR Ununited OR
C.ochrane Tibia OR Ulnar OR Ulnar OR Spinal OR Spine Human Fusion NEXT Celecoxib OR OR United months
Library OR Vertebral OR Vertebra OR Sacral OR Mefenamic NEXT OR Adverse OR
. . Surgery OR
Sacrum OR Costal OR Rib OR Clavicular OR Arthrodesis OR Acid OR Etoricoxib NEXT Bone year
Clavicle OR Carpal OR Metacarpal OR Pseudoarthrosis OR (Nonsteroid NEXT OR
Phalange OR Tarsal OR Metatarsal NEXT anti- Healing OR years
inflammatory NEXT  Drug NEXT OR
agent OR effects OR Time
Nonsteroid NEXT Recovery OR
antiinflammatory NEXT of Time
NEXT agent OR NEXT NEXT
NSAID) Function factors

TABLE 2: Search strategy for literature search

Publication date from January 1, 1990 to January 6, 2023.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Emerson T. Rowe, Julian Takagi-Stewart, Asif M. Ilyas

Acquisition, analysis, or interpretation of data: Emerson T. Rowe, Julian Takagi-Stewart, Sina Ramtin,
Margaret Pennington

Drafting of the manuscript: Emerson T. Rowe

Critical review of the manuscript for important intellectual content: Emerson T. Rowe, Julian Takagi-
Stewart, Sina Ramtin, Margaret Pennington, Asif M. Ilyas

Supervision: Asif M. Ilyas

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: Drexel University College of Medicine provided a Medical Student
Summer Research Fellowship grant for the primary author, Emerson Rowe. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

Acknowledgements

The authors wish to thank Janice Masud-Paul, MLIS, MPH, at Drexel University’s Health Science Libraries for
her assistance with the systematic review.

References

1. OngCK, Lirk P, Tan CH, Seymour RA: An evidence-based update on nonsteroidal anti-inflammatory drugs .
Clin Med Res. 2007, 5:19-34. 10.3121/cmr.2007.698

2. Alam A, Gomes T, Zheng H, Mamdani MM, Juurlink DN, Bell CM: Long-term analgesic use after low-risk
surgery: a retrospective cohort study. Arch Intern Med. 2012, 172:425-30. 10.1001/archinternmed.2011.1827

3. Understanding the opioid overdose epidemic. (2022). Accessed: January 15, 2023:
https://www.cdc.gov/opioids/basics/epidemic.html.

4. Holdgate A, Pollock T: Systematic review of the relative efficacy of non-steroidal anti-inflammatory drugs

2024 Rowe et al. Cureus 16(3): €56312. DOI 10.7759/cureus.56312

9of 11


https://dx.doi.org/10.3121/cmr.2007.698
https://dx.doi.org/10.3121/cmr.2007.698
https://dx.doi.org/10.1001/archinternmed.2011.1827
https://dx.doi.org/10.1001/archinternmed.2011.1827
https://www.cdc.gov/opioids/basics/epidemic.html
https://www.cdc.gov/opioids/basics/epidemic.html
https://dx.doi.org/10.1136/bmj.38119.581991.55

Cureus

10.

11.

12.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

and opioids in the treatment of acute renal colic. BMJ. 2004, 328:1401. 10.1136/bmj.38119.581991.55

Oni 00: The early stages of the repair of adult human diaphyseal fractures . Injury. 1997, 28:521-5.
10.1016/s0020-1383(97)00062-4

Andrew ]G, Andrew SM, Freemont AJ, Marsh DR: Inflammatory cells in normal human fracture healing. Acta
Orthop Scand. 1994, 65:462-6. 10.3109/17453679408995493

Radi ZA, Khan NK: Effects of cyclooxygenase inhibition on bone, tendon, and ligament healing . Inflamm
Res. 2005, 54:358-66. 10.1007/s00011-005-1367-4

Sivaganesan A, Chotai S, White-Dzuro G, McGirt MJ, Devin CJ: The effect of NSAIDs on spinal fusion: a
cross-disciplinary review of biochemical, animal, and human studies. Eur Spine J. 2017, 26:2719-28.
10.1007/s00586-017-5021-y

Pountos I, Giannoudis PV, Jones E, et al.: NSAIDS inhibit in vitro MSC chondrogenesis but not osteogenesis:
implications for mechanism of bone formation inhibition in man. J Cell Mol Med. 2011, 15:525-34.
10.1111/j.1582-4934.2010.01006.x

Dumont AS, Verma S, Dumont R], Hurlbert R]: Nonsteroidal anti-inflammatory drugs and bone metabolism
in spinal fusion surgery. ] Pharmacol Toxicol Methods. 2000, 43:31-9. 10.1016/51056-8719(00)00077-0
Janum S, Kristensen BB: [No evidence of malicious effect of NSAID treatment on bone healing] . Ugeskr
Laeger. 2012, 174:3007-10.

Krashin D, Murinova N, Sullivan M: Challenges to treatment of chronic pain and addiction during the
“opioid crisis”. Curr Pain Headache Rep. 2016, 20:65. 10.1007/s11916-016-0596-2

Wheatley BM, Nappo KE, Christensen DL, Holman AM, Brooks DI, Potter BK: Effect of NSAIDs on bone
healing rates: a meta-analysis. ] Am Acad Orthop Surg. 2019, 27:e330-6. 10.5435/JAAOS-D-17-00727
Glassman SD, Carreon L, Djurasovic M, Campbell MJ, Puno RM, Johnson JR, Dimar JR: Posterolateral lumbar
spine fusion with INFUSE bone graft. Spine J. 2007, 7:44-9. 10.1016/j.spinee.2006.06.381

Loi F, Cérdova LA, Pajarinen |, Lin TH, Yao Z, Goodman SB: Inflammation, fracture and bone repair. Bone.
2016, 86:119-30. 10.1016/j.bone.2016.02.020

Chen C, Kaushal N, Scher DM, Doyle SM, Blanco JS, Dodwell ER: Clubfoot etiology: a meta-analysis and
systematic review of observational and randomized trials. ] Pediatr Orthop. 2018, 38:e462-9.
10.1097/BP0.0000000000001191

The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses .
(2023). Accessed: October 28, 2023: https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
Chapter 8: Assessing risk of bias in a randomized trial . Accessed: October 28, 2023:
https://training.cochrane.org/handbook/current/chapter-08.

Viechtbauer W: Conducting meta-analyses in R with the Metafor package . | Stat Softw. 2010, 36:1-48.
10.18637/js5.v036.i03

Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF: Improving the quality of reports of meta-
analyses of randomised controlled trials: the QUOROM statement. Quality of Reporting of Meta-analyses.
Lancet Lond Engl. 1999, 354:1896-900. 10.1016/50140-6736(99)04149-5

Moher D, Liberati A, Tetzlaff ], Altman DG: Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med. 2009, 6:e1000097. 10.1371/journal.pmed.1000097

R: The R Project for Statistical Computing. (2023). Accessed: October 28, 2023: https://www.r-project.org/.
Pirozzi KM, Danesh S, Sabic A: The effects of NSAIDs on foot and ankle arthrodesis procedures, a
retrospective chart review. | Foot Ankle Surg. 2023, 62:563-7. 10.1053/j.jfas.2023.01.002

Kim SI, Ha KY, Oh IS: Preemptive multimodal analgesia for postoperative pain management after lumbar
fusion surgery: a randomized controlled trial. Eur Spine J. 2016, 25:1614-9. 10.1007/s00586-015-4216-3
Pradhan BB, Tatsumi RL, Gallina J, Kuhns CA, Wang JC, Dawson EG: Ketorolac and spinal fusion: does the
perioperative use of ketorolac really inhibit spinal fusion?. Spine (Phila Pa 1976). 2008, 33:2079-82.
10.1097/BRS.0b013e31818396f4

Reuben SS, Ablett D, Kaye R: High dose nonsteroidal anti-inflammatory drugs compromise spinal fusion .
Can | Anaesth. 2005, 52:506-12. 10.1007/BF03016531

Munro HM, Walton SR, Malviya S, Merkel S, Voepel-Lewis T, Loder RT, Farley FA: Low-dose ketorolac
improves analgesia and reduces morphine requirements following posterior spinal fusion in adolescents.
Can ] Anaesth. 2002, 49:461-6. 10.1007/BF03017921

Claus CF, Lytle E, Lawless M, et al.: The effect of ketorolac on posterior minimally invasive transforaminal
lumbar interbody fusion: an interim analysis from a randomized, double-blinded, placebo-controlled trial.
Spine J. 2022, 22:8-18. 10.1016/j.spinee.2021.08.011

Bhattacharjee S, Pirkle S, Shi LL, Lee MJ: The effects of chronic preoperative opioid use on single-level
lumbar fusion outcomes. Clin Spine Surg. 2020, 33:E401-6. 10.1097/BSD.0000000000000953

Lumawig JM, Yamazaki A, Watanabe K: Dose-dependent inhibition of diclofenac sodium on posterior
lumbar interbody fusion rates. Spine J. 2009, 9:343-9. 10.1016/j.spinee.2008.06.455

Glassman SD, Rose SM, Dimar JR, Puno RM, Campbell MJ, Johnson JR: The effect of postoperative
nonsteroidal anti-inflammatory drug administration on spinal fusion. Spine (Phila Pa 1976). 1998, 23:834-8.
10.1097/00007632-199804010-00020

Deguchi M, Rapoff AJ, Zdeblick TA: Posterolateral fusion for isthmic spondylolisthesis in adults: analysis of
fusion rate and clinical results. ] Spinal Disord. 1998, 11:459-64. 10.1097/00002517-199812000-00001

Park SY, Moon SH, Park MS, Oh KS, Lee HM: The effects of ketorolac injected via patient controlled
analgesia postoperatively on spinal fusion. Yonsei Med J. 2005, 46:245-51. 10.3349/ymj.2005.46.2.245
Sucato DJ, Lovejoy JF, Agrawal S, Elerson E, Nelson T, McClung A: Postoperative ketorolac does not
predispose to pseudoarthrosis following posterior spinal fusion and instrumentation for adolescent
idiopathic scoliosis. Spine (Phila Pa 1976). 2008, 33:1119-24. 10.1097/BRS.0b013%e31816f6a2a

Vitale MG, Choe JC, Hwang MW, Bauer RM, Hyman JE, Lee FY, Roye DP: Use of ketorolac tromethamine in
children undergoing scoliosis surgery: an analysis of complications. Spine J Off ] North Am Spine Soc. 2003,
3:55-62. 10.1016/51529-9430(02)00446-1

Dodwell ER, Latorre JG, Parisini E, Zwettler E, Chandra D, Mulpuri K, Snyder B: NSAID exposure and risk of
nonunion: a meta-analysis of case-control and cohort studies. Calcif Tissue Int. 2010, 87:193-202.

2024 Rowe et al. Cureus 16(3): €56312. DOI 10.7759/cureus.56312

10 of 11


https://dx.doi.org/10.1136/bmj.38119.581991.55
https://dx.doi.org/10.1016/s0020-1383(97)00062-4
https://dx.doi.org/10.1016/s0020-1383(97)00062-4
https://dx.doi.org/10.3109/17453679408995493
https://dx.doi.org/10.3109/17453679408995493
https://dx.doi.org/10.1007/s00011-005-1367-4
https://dx.doi.org/10.1007/s00011-005-1367-4
https://dx.doi.org/10.1007/s00586-017-5021-y
https://dx.doi.org/10.1007/s00586-017-5021-y
https://dx.doi.org/10.1111/j.1582-4934.2010.01006.x
https://dx.doi.org/10.1111/j.1582-4934.2010.01006.x
https://dx.doi.org/10.1016/S1056-8719(00)00077-0
https://dx.doi.org/10.1016/S1056-8719(00)00077-0
https://pubmed.ncbi.nlm.nih.gov/23195353/
https://dx.doi.org/10.1007/s11916-016-0596-2
https://dx.doi.org/10.1007/s11916-016-0596-2
https://dx.doi.org/10.5435/JAAOS-D-17-00727
https://dx.doi.org/10.5435/JAAOS-D-17-00727
https://dx.doi.org/10.1016/j.spinee.2006.06.381
https://dx.doi.org/10.1016/j.spinee.2006.06.381
https://dx.doi.org/10.1016/j.bone.2016.02.020
https://dx.doi.org/10.1016/j.bone.2016.02.020
https://dx.doi.org/10.1097/BPO.0000000000001191
https://dx.doi.org/10.1097/BPO.0000000000001191
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://training.cochrane.org/handbook/current/chapter-08
https://training.cochrane.org/handbook/current/chapter-08
https://dx.doi.org/10.18637/jss.v036.i03
https://dx.doi.org/10.18637/jss.v036.i03
https://dx.doi.org/10.1016/s0140-6736(99)04149-5
https://dx.doi.org/10.1016/s0140-6736(99)04149-5
https://dx.doi.org/10.1371/journal.pmed.1000097
https://dx.doi.org/10.1371/journal.pmed.1000097
https://www.r-project.org/
https://www.r-project.org/
https://dx.doi.org/10.1053/j.jfas.2023.01.002
https://dx.doi.org/10.1053/j.jfas.2023.01.002
https://dx.doi.org/10.1007/s00586-015-4216-3
https://dx.doi.org/10.1007/s00586-015-4216-3
https://dx.doi.org/10.1097/BRS.0b013e31818396f4
https://dx.doi.org/10.1097/BRS.0b013e31818396f4
https://dx.doi.org/10.1007/BF03016531
https://dx.doi.org/10.1007/BF03016531
https://dx.doi.org/10.1007/BF03017921
https://dx.doi.org/10.1007/BF03017921
https://dx.doi.org/10.1016/j.spinee.2021.08.011
https://dx.doi.org/10.1016/j.spinee.2021.08.011
https://dx.doi.org/10.1097/BSD.0000000000000953
https://dx.doi.org/10.1097/BSD.0000000000000953
https://dx.doi.org/10.1016/j.spinee.2008.06.455
https://dx.doi.org/10.1016/j.spinee.2008.06.455
https://dx.doi.org/10.1097/00007632-199804010-00020
https://dx.doi.org/10.1097/00007632-199804010-00020
https://dx.doi.org/10.1097/00002517-199812000-00001
https://dx.doi.org/10.1097/00002517-199812000-00001
https://dx.doi.org/10.3349/ymj.2005.46.2.245
https://dx.doi.org/10.3349/ymj.2005.46.2.245
https://dx.doi.org/10.1097/BRS.0b013e31816f6a2a
https://dx.doi.org/10.1097/BRS.0b013e31816f6a2a
https://dx.doi.org/10.1016/s1529-9430(02)00446-1
https://dx.doi.org/10.1016/s1529-9430(02)00446-1
https://dx.doi.org/10.1007/s00223-010-9379-7

Cureus

37.

38.

39.

40.

41.

10.1007/s00223-010-9379-7

Wu D, Meydani SN: Age-associated changes in immune and inflammatory responses: impact of vitamin E
intervention. ] Leukoc Biol. 2008, 84:900-14. 10.1189/j1b.0108023

Choo S, Nuelle JA: NSAID use and effects on pediatric bone healing: a review of current literature . Children
(Basel). 2021, 8:821. 10.3390/children8090821

Cappello T, Nuelle JA, Katsantonis N, Nauer RK, Lauing KL, Jagodzinski JE, Callaci JJ: Ketorolac
administration does not delay early fracture healing in a juvenile rat model: a pilot study. ] Pediatr Orthop.
2013, 33:415-21. 10.1097/BP0O.0b013e318288b46f

Gao H, Huang J, Wei Q, He C: Advances in animal models for studying bone fracture healing . Bioengineering
(Basel). 2023, 10:201. 10.3390/bioengineering 10020201

Sloan A, Hussain I, Magsood M, Eremin O, El-Sheemy M: The effects of smoking on fracture healing .
Surgeon. 2010, 8:111-6. 10.1016/j.surge.2009.10.014

2024 Rowe et al. Cureus 16(3): €56312. DOI 10.7759/cureus.56312

11 0of 11


https://dx.doi.org/10.1007/s00223-010-9379-7
https://dx.doi.org/10.1189/jlb.0108023
https://dx.doi.org/10.1189/jlb.0108023
https://dx.doi.org/10.3390/children8090821
https://dx.doi.org/10.3390/children8090821
https://dx.doi.org/10.1097/BPO.0b013e318288b46f
https://dx.doi.org/10.1097/BPO.0b013e318288b46f
https://dx.doi.org/10.3390/bioengineering10020201
https://dx.doi.org/10.3390/bioengineering10020201
https://dx.doi.org/10.1016/j.surge.2009.10.014
https://dx.doi.org/10.1016/j.surge.2009.10.014

	The Effect of Nonsteroidal Anti-inflammatory Drugs on Union Rates Following Joint Arthrodesis: A Meta-Analysis
	Abstract
	Introduction And Background
	Review
	Methodology
	FIGURE 1: PRISMA flow chart of included studies

	Results
	TABLE 1: Demographic and study characteristics of studies included in the meta-analysis
	FIGURE 2: Forest plot of odds ratios for adverse bone healing with versus without NSAIDs use after arthrodesis for included studies
	FIGURE 3: Forest plot of odds ratios for adverse bone healing with versus without NSAIDs use after arthrodesis for only pediatric studies
	FIGURE 4: Forest plot of odds ratios for adverse bone healing with versus without NSAIDs use after arthrodesis for only adult studies

	Discussion

	Conclusions
	Appendices
	Literature search
	TABLE 2: Search strategy for literature search


	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


