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Objectives

To better understand the effect of NSAID use on fracture healing, a meta-analysis of the
current literature was performed with the hypothesis that NSAID use does not cause an
increase in ABH events.

Methods

A literature search, published between January 1990 and June 2023, was conducted
through computerized databases, including MEDLINE (Pubmed and Ovid), Embase,
Cochrane Database of Systematic Reviews, and Web of Science. Search terms were
identified according to published literature on ABH. A total of 3,050 articles were
screened to determine the inclusion of articles in the final analysis. Study participants
were stratified by exposure to NSAIDs, and ABH outcomes were manually extracted from
the final list of articles. A maximum likelihood random-effects model was used to
calculate cumulative and age-stratified odds ratio.

Results

Twelve articles were included in the final analysis. The cumulative odds ratio of ABH
after post-fracture NSAID exposure was 2.10 (95% CI: 1.41-3.15). When stratified by age,
the odds ratio of ABH using NSAIDs was 2.41 (95% CI: 1.58-3.69) among adults and 0.741
(95% CI: 0.351-1.565) among pediatric patients.

Conclusions

This meta-analysis indicates that the use of NSAIDs after a fracture is associated with an
increased risk of ABH events, especially among fractures in adult patients, but not in
pediatric patients. This finding suggests that clinicians must thoughtfully consider the
risk of including NSAIDs as part of their post-fracture pain management regimen.

INTRODUCTION inflammation, repair, and remodeling.# However, approx-

imately 100,000 fractures in the United States (US) each
Most fractures heal in a predictable timeline, relative to the =~ Y€l re.sult in the ABH (Adverse: Bone Heahng)i event.” ABH
bone that is injured, within several months from the time event includes fracture non-union, delayed union, or malu-
of injury.! Treatment of fractures ranges from non-surgical 0™ W}_“Ch 1 proble.matlc d‘%e to a prolor}ged. recovery
management involving immobilization strategies to surgi- Process involving continued pain or dysfunction, increased
cal management using fixation methods.>3 Research has risk for surgical intervention, and extended periods of dis-
shown that normal bone healing undergoes three phases: ability. Thus, efforts are focused on improving bone healing
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through pharmacological, surgical, cellular, and biophysical
approaches.’

Fractures are associated with varied levels of pain that
must be managed by the clinical care team with the use of a
structured pain regimen. Most adult trauma patients in the
US receive prescriptions for opioids due to high pain lev-
els associated with trauma.® While opioids are known to be
powerful analgesics, their side effects and addictive poten-
tial have driven the need for alternative approaches to pain
management.” Of the known alternatives, non-steroidal
anti-inflammatory drugs (NSAIDs) are of particular interest
because studies have found that they can be as efficacious
in managing pain as opioids with less addictive poten-
tial.8-10 However, the use of NSAIDs in orthopedic trauma
patients is controversial due to previous studies reporting
the possible association of NSAID use with delayed union
and nonunion.

Bone healing after a fracture is supported by a
prostaglandin-mediated inflammatory response dependent
on cyclo-oxygenase (COX) enzymes.!1.12 NSAIDs exhibit
their anti-inflammatory and analgesic effects through in-
hibition of COX enzymes.!3 By hindering the enzyme in-
volved in both pain and healing, NSAID use is thought to
contribute to ABH events. The hindrance of bone healing
by NSAID use has been well documented in animal studies.
Still, the clinical significance in humans is unclear, and var-
ious factors may modify the relationship.!4 A retrospec-
tive study looking at human long-bone fractures has re-
ported that NSAID use increased the risk of non-union or
malunion by a factor of two compared to patients who were
not exposed to NSAIDs after the injury.!> In contrast, a
prospective study examining NSAID use in spinal fusions
demonstrated that short-term NSAID use did not hinder
bone healing. Still, prolonged exposure (>6 weeks) in-
creased the risk of nonunion. !¢

A meta-analysis, including literature between 1966 and
2008, found that an increased risk of non-union following
NSAID use was detected, but the effect was lost when only
higher-quality studies were included in the analysis.l”7 A
more recent meta-analysis using literature between 1990
and 2016 reported that the use of NSAIDs doubles the risk
of adverse bone healing compared to patients who are not
exposed to NSAIDs.!8 However, this analysis compiled frac-
tures, arthrodesis, and osteotomies into a single analysis,
which limits generalizability and clinical utility. To our
knowledge, the most recent meta-analysis that examined
the effect of NSAID use on fracture healing exclusively in-
cluded high-quality Randomized Controlled Trials (RCTs)
up to October 2018 and reported a 3.47 increase in odds of
non-union following the use of NSAIDs.1?

This project aims to extend the current state of literature
by providing an updated meta-analysis on the effect of
NSAID use, specifically on fracture healing. It will encom-
pass a variety of study designs, including RCTs, cohort
studies, case-control studies, and case series. The current
study will not include studies on patients undergoing
arthrodesis, given that fusion healing represents a different
healing process.20-23 The study hypothesis is that prescrib-

ing NSAIDs following fracture treatment will not cause an
increase in ABH events.

METHODS

DATABASES/LITERATURE SEARCH

A search of literature was conducted through computerized
databases. MEDLINE (PubMed and Ovid), Embase,
Cochrane Database of Systematic Reviews, and Web of Sci-
ence were searched for relevant articles. Keywords and cor-
responding Medical Subject Heading (MeSH) terms for the
search were identified according to prior literature and
modified to best fit our study purpose. Appendix A lists
the final search terms and the search strategy used for this
study. Literature published between January 15t, 1990, and
June 15t 2023, was included in the search. Given that the
study was a meta-analysis, an Institutional Review Board
review was not applicable.

STUDY SELECTIONS

After compiling articles from the initial database search,
two authors (JTS and ER) conducted a sequential review of
titles, abstracts, and full articles to determine inclusion in
the final analysis. In the three sequential rounds of reviews,
each of the two authors independently determined eligi-
bility for inclusion. Articles were included if either of the
two reviewers determined the article eligible for the next
round. In the full article review, discrepancies in the deter-
mination of eligibility were brought to a third author (SR)
and discussed until a consensus was reached. After the full
article review, study quality was evaluated using the New-
castle-Ottawa Scale for case-control and cohort studies and
the Cochrane Collaboration Risk of Bias Assessment Tool
for RCTs.24:25 Studies were removed from the final analysis
with a score of six and above for Cochrane Collaboration’s
assessment tool and 5 and below for the Newcastle-Ottawa
scale.

INCLUSION AND EXCLUSION CRITERIA

Studies of pediatric and adult patients with any fracture
type, which examined the non-union and/or delayed union
rates between patients exposed to NSAIDs versus patients
not exposed to NSAIDs published between January 15t
1990, and June 15t, 2023, were included in the analysis.
Studies examining short-term peri-operative exposure to
NSAIDs were also included in the analysis. RCTs, cohort
studies, case-control studies, and case series with > 5 pa-
tients were included. Radiologic determination of adverse
bone healing at a minimum of six months follow-up or
an adverse bone healing event noted in electronic medical
records following the fracture was the basis of the outcome
of interest. Studies with zero ABH events in both NSAID-
exposed and non-exposed groups were also excluded.
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DATA

The primary outcome of interest was a composite rate of
union, delayed union, and non-union after fractures. The
primary exposure of interest was whether the patient with
the fracture was exposed to NSAIDs during the process of
fracture healing. From each article included in the final
analysis, the number of subjects pertaining to the following
four groups were extracted: exposed to NSAIDs with timely
healing, exposed to NSAIDs with adverse healing, not ex-
posed to NSAIDs with timely healing, and not exposed to
NSAIDs with adverse healing. Additionally, subjects’ ages,
study design, and operative techniques involved in fracture
care were extracted from each publication.

STATISTICAL ANALYSIS

The statistical analysis was completed per QUORUM (Qual-
ity of Reporting of Meta-analyses) and PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses) guidelines for meta-analyses.26:27 A maximum likeli-
hood random-effects model was used to minimize the vari-
ance among the included studies. A meta-regression was
completed on the pooled primary outcome and expressed
as odds ratios with 95% confidence intervals. Odds Ratios
for each study, as well as for the cumulative analysis, were
calculated. Separate subgroup analysis was completed by
stratifying publications that included pediatric versus adult
patients. The statistical significance of the meta-regression
analysis was evaluated using the Wald-type test with an al-
pha of 0.05 for all analyses.

RESULTS

The keywords search from OVID, Cochrane, and Embase
databases yielded 3,364, 136, and 365 articles, respectively,
for a total of 3,865 articles with 889 duplicates [Figure
1]. A total of 3,050 were screened for their titles, 471 for
their abstracts, and 108 for their full-text articles, which
yielded eight articles for inclusion. The chance-adjusted
kappa scores between the two authors (JTS & ER) for the
title, abstract, and full-text screens were 0.71, 0.78, and
0.84, respectively. In a process known as reference snow-
balling,28 a manual search of references from the 108 full-
text article screening yielded four additional articles to be
included in the final analysis.

Included studies were published between 2000 and 2020
[Table 1]. All studies included from the screening process,
and the reference snowballing satisfied the criteria for
study quality assessments. Four of the twelve included
studies were RCTs, and eight were retrospective. The
pooled analysis included a total of 645,891 patients, of
which 584,848 were not exposed to NSAIDs, and 61,043
were exposed to NSAIDs at the time or after the time of
fracture. A total of 21,785 (of which 16,908 were not ex-
posed to NSAIDs and 4,877 were exposed to NSAIDs) cases
of ABH events were included in the analysis. The propor-
tion of patients who were determined to have ABH events
was variable both within patients who were not exposed

to NSAIDs (Range: 0.8% - 19.0%) and within patients who
were exposed to NSAIDs (Range: 0.6% — 69.0%).

The pooled analysis of 12 included studies resulted in an
Odds Ratio of 2.10 for ABH events using NSAIDs (95% CI:
1.41 - 3.15) [Figure 2]. The odds ratio for ABH events with
use of NSAIDs among the 12 studies ranged between 0.58
and 10.74. When stratified by age, the odds ratio of ABH
events with the use of NSAIDs was 2.41 (95% CI: 1.58-3.69)
among adults [Figure 3] and 0.741 (95% CI: 0.351-1.565)
among pediatric patients [Figure 4].

DISCUSSION

The cumulative analysis of current literature suggests that
patients who are exposed to NSAIDs post-fracture are twice
as likely to experience ABH events compared to patients
who are not exposed to NSAIDs post-fracture. This is
specifically relevant among adult patients, given that pa-
tients > 18 years old yielded an odds ratio approaching
two and a half times increased likelihood of ABH events.
In contrast, pediatric patients did not show a significant
change in the prevalence of ABH events when exposed to
NSAIDs. However, the wide range of odds ratios among
the included studies may indicate several confounding vari-
ables that could potentially affect the association between
NSAID use and ABH events. Specifically, this meta-analysis
findings should be interpreted with the understanding that
the type, dose, and duration of NSAID treatment were not
controlled for. Moreover, each bone has its own local and
vascular dynamics, resulting in distinct risks of ABH events
that may make NSAID use applicable in some cases and not
others. Future studies should focus on definitive guidelines
for the safe usage of NSAIDs, specifically tailored to differ-
ent patient populations and fracture characteristics.

This study’s findings are consistent with the meta-analy-
sis performed by Wheatley et al., which included all study
types as well as both arthrodesis and fractures.18 Six of
the included studies overlapped with the analysis in this
study, while six additional studies on fracture healing were
included in the analysis in this study. Whereas Wheatley
et al. (2018) examined both arthrodesis and fracture out-
comes following NSAID use, this study examined fracture
outcomes exclusively.18 It is noteworthy that similar odds
ratios were reported in both studies. The finding that post-
fracture NSAID exposure did not show an increased likeli-
hood of ABH events in the pediatric population is also con-
sistent with what was reported by Wheatley et al. (2018).
While these findings may suggest the safe usage of NSAIDs
for fracture pain management among pediatric patients,
the analysis is limited, given that only two studies met the
inclusion criteria. Further research should be completed on
this topic in the pediatric population.

This study’s findings are also consistent with the meta-
analysis reported by Al Farii et al. (2021), which exclusively
included RCTs that examined the NSAIDs’ effects on frac-
ture healing.1% Two of the included studies overlapped with
the analysis in this study, while ten additional studies were
included in the analysis in this study. While Al Farii et al.
(2021) only included RCTs, the analysis in this study in-
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Table 1. Study Characteristics of Studies Included in the Meta-analysis

Study Level of Study Type Total Fractured bone NSAID dose Total ABH Total ABH
Evidence Sample sample without sample with
Size without NSAIDs with NSAIDs
NSAIDs n (%) NSAIDs n (%)
n n
Giannoudis, 2 Randomized 99 Femoral Diaphysis Not specified 70 12 29 20
200027 Control Trial (17.1) (69.0)
Burd, 200330 1 Randomized 112 Femur, Tibia, Postoperative indomethacin 25mg x 3 74 5(6.8) 38 11
Control Trial Humerus, Radius, daily for 6 weeks (28.9)
Ulna
Bhattacharyya, 3 Retrospective 9,995 Humeral diaphysis Postoperative, any occasion of >10 days 8,963 72(0.8) 1,032 33(3.2)
200531 Cohort of NSAIDs within 30-day intervals until
90days
Kay, 201132 3 Retrospective 687 Lower extremity Ketorolac 0.5 mg/kg every 6 hours 58 1(1.7) 629 4(0.6)
Cohort osteotomies perioperative
Jeffcoach, 2 Retrospective 1,901 Femur, Tibia, Not specified 1,670 46(2.8) 231 14 (6.1)
201433 Cohort Humerus
Sagi, 201434 2 Randomized 68 Acetabulum Postoperative: 3 days, 1 week, or 3 21 4(19.0) 47 18
Control Trial weeks of indomethacin 75mg PO/day (38.3)
Donohue, 3 Retrospective 328 Femur and Tibia Postoperative ketorolac (15 or 30 mg 243 28 85 6(7.1)
201635 Case-Control per 6 hours) within the first 24 hours (11.5)
Zura, 201636 3 Retrospective 309,390 Multiple/ Not specified 278,384 11,343 31,006 3,906
Cohort Unspecified (4.1) (12.6)
DePeter, 3 Retrospective 808 Femur, tibia, Not specified 470 17 (3.6) 338 10(3.0)
201737 Cohort humerus, scaphoid,
5 th metatarsus
George. 3 Retrospective 304,721 Femur, tibia, fibula, Not specified 279,720 4,188 25,001 456
202038 Cohort humerus, radius, (1.5) (1.8)
ulna, clavicle
McDonald, 1 Randomized 93 Lateral malleolar, 30mg intraoperative ketorolac and 20 47 8(17.0) 46 9(19.6)
202039 Control Trial bimalleolar and tablets (one tablet every 6 hours) of
trimalleolar 10mg ketorolac
Tucker, 202040 3 Retrospective 17,689 Subtrochanteric Not specified 15,128 1,184 2,561 390
Cohort Femur, tibia, (7.8) (15.2)
humerus
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Identification of studies via databases and registers

e’

Figure 1. PRISMA Chart of Included Studies

cluded all study types, allowing a larger number of studies
to be included in the analysis. A relatively large Odds Ra-
tio of 3.47 (95% CI: 1.68-7.13) was reported compared to
the main analysis in this study, which reports an Odds Ra-
tio of 2.10 (95% CI: 1.41 - 3.15).19 However, both studies
are consistent in reporting an increased risk of ABH events
with NSAID exposure post-fracture. The sub-analysis strat-
ified by adult and pediatric populations in this study further
contributes to the literature on the influence of NSAIDs on
post-fracture healing.

Overall, fractures in children are far less likely to result
in nonunion. Mills et al. reported the risk of nonunion
to be approximately one in 500 for boys under 14 years
old and girls of all ages, which increases to one in 200
for boys between 15 and 19 years of age.#! Skeletal im-
maturity, which supports a low nonunion rate, may also
overcome the impairment of bone healing associated with
NSAID use. While meta-analyses that examine the effect
of NSAIDs post-fracture healing among pediatric popula-
tions are limited, systematic reviews have been published
on the subject. A systematic review published in 2018 that
explored the impact of NSAIDs on bone healing, including
fracture and arthrodesis healing, found that all five studies
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in the pediatric population did not show impairment in
bone healing.42 The five studies comprised two distal limb
fractures and three spinal fusion studies. A more recent
systematic review, published in 2021, which focused on
the pediatric population and included both fracture and
arthrodesis healing, also concluded that the use of NSAIDs
in skeletally immature patients is a safe and effective pain
management option.#3 The meta-analysis in this study
supports these conclusions and furthers the understanding
of the subject by delineating the potentially safe use of
NSAIDs in pediatric fracture healing.

Post-fracture pain management will remain an essential
component of fracture treatment. While NSAIDs have been
identified as a promising alternative due to their efficacious
analgesic effect with lesser addictive potential compared to
opioids, the adverse effect of impairing post-fracture bone
healing adds a complicating factor to consider when deter-
mining the risk and benefit of the medication.3-10 Current
literature suggests that lower doses and shorter duration of
NSAID administration may not impair bone healing,1¢ in-
dicating the need for more specific guidelines on the type,
dosage, and duration of NSAIDs to consider prescribing for
post-fracture pain management. An animal study has also
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Odds Ratio %
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Bhattacharyya, 2005 — 408 (269 6.18) 10.74
Kay, 2011 0.38 (0,04, 3.32) 281
Joffcomch, 2014 —_— 228 (1.23 4.21) 048
Sagi, 2014 ——— 264 (07T, 9.00) 565
Donohue, 2016 —_——— 0.58 (0.23, 1.46) 744
Zura, 2016 . 339 (327, 253 1213
DePeater, 2017 — 081 (D37, 1.80) B.25
Geonge, 2020 - 122 (1.11,1.35) 12.06
McDonald, 2020 —_—— 1.19 (041, 3.40) 6.63
Tucker. 2020 * 212 (1.87, 2.30) 12.m
Cwerall, DL (F = 97 4%, p = 0.000) -C::)' 2.10(1.41, 315) 100.00

T T

A 1

Figure 2. Forest Plot of Odds Ratios for Adverse Bone Healing With Versus Without NSAID Use After Fracture for

Studies Included in the Meta-analysis
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i
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Figure 3. Forest Plot of Odds Ratios for Adverse Bone Healing With Versus Without NSAID Use After Fracture for

Studies Examining Only Adult Populations

demonstrated that fracture site and bone type may also
modify the association between NSAID use and ABH, where
NSAID use impaired unstable shaft fracture healing but did
not impair stable metaphyseal fracture healing.** To de-
velop such guidelines, future studies should aim to deter-
mine the dosages/durations, fracture characteristics, and

demographic characteristics in which NSAID therapy may
be safe to use in fracture healing.

The quality of studies included in the analysis was high,
contributing to the strength of this study. Further, the cu-
mulative sample size was large despite the limited number
of included articles. However, there are several limitations
to the presented meta-analysis. First, despite the large and
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Author

DePeter, 2017

Kay, 2011

Overall, DL (I” = 0.0%, p = 0.504)

Odds Ratio %
(95% ClI) Weight
0.81 (0.37, 1.80) 88.55
0.36 (0.04, 3.32) 11.45
0.74 (0.35, 1.56) 100.00

I

Figure 4. Forest Plot of Odds Ratios for Adverse Bone Healing With Versus Without NSAID Use After Fracture for

Studies Examining Only Pediatric Populations

wide systematic approach to reviewing the literature, there
is a possibility some articles that met inclusion criteria
were not included in the final analysis. This possibility
arises from the imperfect process of database searching us-
ing keywords and the manual selection of articles. Sec-
ond, as with all meta-analyses, the current analysis re-
quired reporting raw subject numbers with non-zero events
in each category from each study. Several publications re-
porting the association between NSAID use and ABH did
not meet this requirement and were excluded from the
analysis. Further, the study criteria specified the inclusion
of articles written in English, creating a possibility of miss-
ing articles relevant to the meta-analysis but published in
another language. These factors limit the comprehensive-
ness of the current analysis. Third, publication bias is a
concern when interpreting the results of meta-analyses.
Positive results tend to be favored for acceptance by jour-
nals, which generates a possibility of overlooking the inclu-
sion of unpublished data that show negative results. In ef-
fect, this may inflate the observed association reported in
this study. Lastly, the included studies demonstrated a wide
variation in the prevalence of the outcome of interest. The
variation may be accounted for by effect modifiers such as
bone type, drug dosing, surgery type, and patient demo-
graphics, which are not accounted for in this analysis due
to the lack of data to stratify by these variables.

CONCLUSIONS

The current literature suggests that the use of NSAIDs after
a fracture interferes with timely post-fracture bone healing,
especially among adults. However, among pediatric pa-
tients, NSAID use after fracture does not appear to interfere
with fracture healing. The current literature still does not
provide clear guidelines on the safe use of NSAIDs that
are dependent on the fractured bone type, specific popula-
tion characteristics, dosing, and duration. Future research

focused on developing specific guidelines for the safe and
effective use of NSAIDs after fractures may provide more
detailed information for clinicians to use to help build an
ideal postoperative pain regimen for their patients.
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APPENDIX

Appendix A: search strategy for literature search.

SEARCH STRATEGY FOR ALL OVID PLATFORMS

BONES

Gl O o3 W1 W1 W1 O W1 O I DN N Do DN DN DN DN DNDNDDN R~ /= === = = = =
PCPISNRAN OO PR ISTARANE,OOPION AN = O

TYPE

40.

0PNk

Search Bony

Search Bone

Search Ankle Bone

Search Arm Bone

Search Foot Bone

Search Hand Bone

Search Wrist Bone

Search Leg Bone

Search Pelvic Bone

Search Hip Bone

Search Facial Bone

Search Femoral

Search Femur

Search Fibular

Search Fibula

Search Humeral

Search Humerus

Search Radial

Search Radius

Search Tibial

Search Tibia

Search Ulnar

Search Ulna

Search Spinal

Search Spine

Search Vertebral

Search Vertebra

Search Sacral

Search Sacrum

Search Costal

Search Rib

Search Clavicular

Search Clavicle

Search Carpal

Search Metacarpal

Search Phalange

Search Tarsal

Search Metatarsal

Search (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR
#8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR
#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21
OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28
OR #29 OR #30 OR #31 OR #32 OR 33 OR #34 OR #35
OR #36 OR #37 OR #38)

Search Human

INJURY

41.
42.
43.
44,
45.
46.
47.

Search Fracture

Search Broken

Search Fusion

Search Fusion Surgery

Search Arthrodesis

Search Pseudoarthrosis

Search (#41 OR #42 OR #43 OR #44 OR #45 OR #46)

EXPOSURE

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

Search Anti-Inflammatory Agents, Non-Steroidal
Search Indomethacin

Search Ketorolac

Search Ibuprofen

Search Naproxen

Search Diclofenac

Search Celecoxib

Search Mefenamic Acid

Search Etoricoxib

Search Nonsteroid anti-inflammatory agent
Search Nonsteroid antiinflammatory agent
Search NSAID

Search (#48 OR #49 OR #50 OR #51 OR #52 OR #53
OR #54 OR #55 OR #56 OR #57 OR #58 OR #59)

OUTCOME

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.

Search Union

Search Nonunion

Search Non-union

Search Non-bone union

Search Healing

Search Malunited

Search Ununited

Search United

Search Adverse Bone Healing

Search Drug effects

Search Recovery of Function

Search (#61 OR #62 OR #63 OR #64 OR #65 OR #66
OR #67 OR #68 OR #69 OR #70 OR #71)

TIME FACTORS

73.
74.
75.
76.
77.
78.
79.

Search (day OR days)

Search (week OR weeks)

Search (month OR months)

Search (year OR years)

Search Time

Search Time factors

Search (#73 OR #74 OR #75 OR #76 OR #77 OR #78)

INTER-CATEGORY SEARCH

80.

Search (#39 AND #40 AND #47 AND #60 AND #72
AND #79)

Publication date from 1/1/1990 to 6/1/2023
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SEARCH STRATEGY FOR EMBASE

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
AND
Human
AND
Fracture OR
Broken OR
Fusion OR
(Fusion Surgery) OR
Arthrodesis OR
Pseudoarthrosis
AND
(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

AND

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)

AND

(day OR days) OR

(week OR weeks) OR

(month OR months) OR

(year OR years) OR

Time OR

(Time factors)

Publication date from 1/1/1990 to 6/1/2023

SEARCH STRATEGY FOR WEB OF SCIENCE

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
AND

Human

AND
Fracture OR
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Broken OR

Fusion OR

(Fusion Surgery) OR
Arthrodesis OR
Pseudoarthrosis
AND

(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

AND

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)
AND

(day OR days) OR

(week OR weeks) OR
(month OR months) OR
(year OR years) OR

Time OR

(Time factors)

Publication date from 1/1/1990 to 6/1/2023

SEARCH STRATEGY FOR COCHRANE LIBRARY

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

#2
Human
#3

Fracture OR
Broken OR
Fusion OR
Fusion NEXT Surgery OR
Arthrodesis OR
Pseudoarthrosis

#4
Mesh (Anti-Inflammatory Agents, Non-Steroidal)
#5

#4 OR
Indomethacin OR
Ketorolac OR
Ibuprofen OR
Naproxen OR
Diclofenac OR
Celecoxib OR
Mefenamic NEXT Acid OR
Etoricoxib OR
(Nonsteroid NEXT anti-inflammatory NEXT agent OR
Nonsteroid NEXT antiinflammatory NEXT agent OR
NSAID

#6

Union OR
Nonunion OR
Non-union OR
Non-bone NEXT union OR
Healing OR
Malunited OR
Ununited OR
United OR
Adverse NEXT Bone NEXT Healing OR
Drug NEXT effects OR
Recovery NEXT of NEXT Function
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#7 Time OR
Time NEXT factors
day OR days OR
week OR weeks OR #8
month OR months OR
year OR years OR #1 AND #2 AND #3 AND #5 AND #6 AND #7

Publication date from 1/1/1990 to 6/1/2023
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