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review and meta-analysis
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Chiayi Chang Gung Memorial Hospital, Chiayi, Taiwan
Introduction: Nonsteroidal anti-inflammatory drugs (NSAIDs) may potentially

delay or cause non-union of fractures by inhibiting prostaglandin synthesis.

However, studies have shown conflicting results. This systematic review and

meta-analysis aim to synthesize current evidence on the potential influence of

NSAIDs on bone healing.

Methods: We conducted a comprehensive search of PubMed, Embase, and

Cochrane CENTRAL databases for studies published up to 25 July 2023. Specific

keywords included “NSAID,” “nonsteroidal anti-inflammatory drug,”

“cyclooxygenase-2 inhibitor,” “bone healing,” “non-union,” “pseudoarthrosis,”

“delayed union,” and “atrophic bone.” Eligible studies included prospective,

retrospective, and case-controlled studies assessing the correlation between

NSAID use and bone healing outcomes. The leave-one-out approach was used

to test the robustness of the meta-analysis results.

Results: A total of 20 studies with 523,240 patients were included in the analysis.

The mean patient age ranged from 6.7 to 77.0 years, with follow-up durations

from 3 to 67 months. The meta-analysis revealed no significant difference in

non-union or delayed union between NSAID users and non-users [pooled

adjusted odds ratio (OR) = 1.11; 95% confidence interval (CI): 0.99–1.23]. Initial

analysis identified a significant association between NSAID usage and an

increased risk of reoperation, but this association became insignificant upon

sensitivity analysis (crude OR = 1.42; 95% CI: 0.88–2.28).

Discussion: NSAIDs may have a minimal impact on non-union or delayed union

risks. However, caution is advised due to the limited number of studies and the

absence of a specific focus on NSAID types and dosages. Further research is

necessary to better understand the implications of NSAID use on bone healing.
KEYWORDS
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Introduction

Non-union isa conditionwhere fracturedbones fail tohealproperly,

and, in the United States, approximately 100,000 fractures annually

result in non-union. The overall incidence of fracture non-union ranges

from 1.9% to 10%, with variations depending on the bone involved. For

instance, femoral shaft non-unions occur at an estimated rate of 8%

whentreatedwith intramedullarynailing.The tibial shaftnon-unionrate

is reported to be 4.6% following the same treatment, although this figure

is subject to variation as some studies suggest that tibia non-union rates

could be as high as 10% to 12% (Thomas and Kehoe). Non-union of

fractures is influenced by a variety of factors, including the nature and

location of fracture, characteristics of patient, and the treatment

methods. Fractures in specific bones, such as tibia, femur, and

humerus, are especially susceptible to non-union, with open fractures

being at a particularly high risk (1). Older age, smoking, poor nutrition,

and medical conditions like diabetes and osteoporosis increase the risk,

asdocertain treatment-related factors like improperbonealignmentand

inadequate stabilization (Thomas and Kehoe; 2). Biological factors,

including impaired blood supply to fracture site, can also play a role

(3). Lifestyle choices and medications, such as alcohol abuse and

corticosteroids, may further impair bone healing. Early detection and

management, which may involve surgical interventions and lifestyle

modifications, are key to treating non-union effectively (2).

Nonsteroidal anti-inflammatory drugs (NSAIDs) constitute a class

of medications approved by Food and Drug Administration (FDA) for

their antipyretic, anti-inflammatory, and analgesic properties (4). They

effectively manage conditions like muscle pain, dysmenorrhea, arthritis,

pyrexia, gout, and migraines and are used as opioid-sparing agents in

acute trauma cases (5, 6). However, there has been ongoing debate

about their potential impact on bone healing processes (7). Previous

studies have suggested that NSAIDs might interfere with bone repair

mechanisms by inhibiting prostaglandin synthesis, which could

potentially lead to delayed union or non-union of fractures (8–11).

However, there are contradictory results in the existing literature.

Whereas some studies have identified detrimental effects on bone

healing, others have not observed any significant association (11, 12).

Variability in study designs, populations, and methodologies has

contributed to these inconsistencies (13).

Given the ongoing discourse and the critical role of NSAIDs in

pain management, an updated and comprehensive review is imperative

to determine their potential effects on bone healing rates and outcomes.

Clarifying the relation between NSAIDs and bone healing can help to

provide informed decision-making in orthopedic and trauma care.

Accordingly, this systematic review and meta-analysis aims to gather

and synthesize current evidence on the potential influence of NSAIDs

on bone healing.
Methods

Search strategy

The current systematic review and meta-analysis adhered to the

Preferred Reporting Items for Systematic Reviews andMeta-Analyses

(PRISMA) guidelines (14). PubMed, Embase, and Cochrane
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CENTRAL databases were search for relevant studies published up

to 25 July 2023. The specific keywords used were “NSAID,”

“nonsteroidal anti-inflammatory drug,” “cyclooxygenase-2

inhibitor,” “bone healing,” “non-union,” “nonunion,” “non union,”

“pseudoarthrosis,” “delayed union,” “ununited,” and “atrophic bone.”

Keywords were combined with Boolean operators and Medical

Subject Headings (MeSH) terms where appropriate. An example

search string used for PubMed was the following:

(NSAID OR Nonsteroidal anti-inflammatory drug OR

cyclooxygenase-2 inhibitor OR Cox-2 inhibitor) AND (bone healing

OR non-union OR nonunion OR non union OR pseudoarthrosis OR

delayed union OR ununited OR atrophic bone).

In addition, we conducted a manual search of the reference

lists in the included studies to identify any potentially

relevant research.
Study selection criteria

This systematic review and meta-analysis was conducted

following the PECOS criteria, which encompass participants (P),

exposure (E), comparisons (C), outcomes (O), and study design (S).

The inclusion criteria were as follows: studies participants with

fractures, osteotomy, or those who underwent an orthopedic

surgery (P); compared patients who were exposed to NSAIDs to

those without exposure to NSAIDs (E&C). Outcomes of interest

were bone healing rate, delayed union or non-union rate, or healing

time (O). The eligible study designs included prospective and

retrospective cohort studies, as well as case-controlled studies (S).

We excluded review articles, letters, commentaries, editorials,

proceeding research, meeting abstracts, case reports, personal

communications, non-English, and non-human studies. Eligibility

of each study was confirmed by two independent reviewers, with a

third reviewer consulted for uncertain cases.
Main outcome measures and
data extraction

The outcomes of interest centered on the association between

NSAID usage and non-union/delayed union and the association

between NSAID usage and reoperation (i.e., revision surgery).

From the eligible studies, we extracted the following

information: the first author’s name, publication year, study

design, total number of patients, type of NSAIDs, age, male (%),

patient condition, and follow-up duration.
Ethics statement

The systematic review and meta-analysis conducted in this

study did not utilize raw patient data or private information. As a

result, there was no requirement for further approval or informed

consent from study subjects by the Institutional Review Board.
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Quality assessment

The quality of the included studies was assessed using the

Newcastle–Ottawa scale (NOS), following the recommendations

of the Cochrane Non-Randomized Studies Methods Working

Group (15). The NOS assigns a maximum of nine points to

each study: four points for appropriate selection of cohort

participants, two points for comparability of participants in

terms of design and analysis, and three points for adequate

outcome ascertainment. Two independent reviewers conducted

the quality assessment, and a third reviewer was consulted to

resolve any uncertainties.
Statistical analysis

In this research, the primary outcomes were non-union or

delayed union and reoperation. Both crude odds ratios (ORs) and

adjusted ORs (aORs) were used as the pooled effect estimates.

Heterogeneity among the studies was evaluated using the Cochran

Q test and I2 statistic. Heterogeneity was defined as follows: I2 ≤

25%, low heterogeneity; 25% < I2 < 50%, moderate heterogeneity;

50% < I2 < 75%, substantial heterogeneity; and I2 ≥ 75%, high

heterogeneity. The pooled estimates, 95% confidence interval (CI),

and P-value were calculated using the random-effects model. All

analyses were two-sided, with a significance level of a = 0.05.

Publication bias was evaluated by using Funnel plots with Egger’s

test. A sensitivity analysis was conducted using the leave-one-out

approach. Subgroup analyses by age group (adults or children) and

patient conditions were performed. All analyses were conducted

using R Studio 4.3.2 with the packages “meta,” “dmetar,”

and “metafor.”
Frontiers in Endocrinology 03
Results

Study selection

A flow diagram of the study selection process is shown in

Figure 1. A total of 37 full-text articles were assessed for eligibility,

and 17 were excluded for no quantitative outcome of interest (n =

10), duplicate patient population (n = 2), and study objectives not

consistent with the aims of our analysis (n = 5). Consequently, 20

studies (16–35) containing a total of 523,240 patients were included

in the qualitative and quantitative analysis (Figure 1).
Characteristics of included studies

The study characteristics are summarized in Table 1. All studies

were of retrospective design. The mean patient age ranged from 6.7

to 77.0 years, and the follow-up duration ranged from 3 to 67

months (Table 1).
Meta-analysis

Association between NSAID usage and non-
union/delayed union assessed by unadjusted OR

Figure 2 shows the meta-analysis results using the crude OR to

examine the association between NSAID usage and non-union/

delayed union. There were 16 studies (16, 17, 19–27, 31–35) that

provided the crude OR or the necessary data to compute the crude

OR. High heterogeneity across the studies was detected (I2 = 82%).

Compared with non-users, NSAID users had a significantly higher

risk of non-union/delayed union (pooled crude OR = 1.73; 95% CI:

1.15–2.60) (Figure 2).
FIGURE 1

PRISMA flow diagram of study selection. The numbers of search hits corresponding to each step of the systematic literature search, qualitative
review, and quantitative analysis are shown. The reasons for exclusion are described.
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Among adults, patients who were using NSAIDs had a significantly

higher risk of non-union/delayed union (pooled crude OR = 1.98; 95%

CI: 1.29–3.06; I2 = 82%). However, no significant association between

NSAID usage and the risk of non-union/delayed was observed in
Frontiers in Endocrinology 04
children (pooled crude OR = 1.09; 95% CI: 0.46–2.59; I2 = 85%)

(Supplementary Figure 1).

Among the subgroup of patients with a long bone fracture,

those who were using NSAIDs had a significantly higher risk of
TABLE 1 Characteristics of the included studies.

Study
Total number
of patients

Number of patients and
type of NSAID

Age,
mean

Male,
%

Patient
condition

Follow-up dura-
tion, months

NOS

Lindsay
(2023) (35)

178,758
Non-user: 155,156
Miscellaneous NSAIDs: 23,602

61.7 43.3
Degenerative
spine disease

50 6/9

George
(2020) (33)

326,876
Non-user: 279,720
Miscellaneous NSAIDs: 22,590

54.8 34.9 Long bone fracture 12 6/9

Mohammed
(2019) (34)

232

Non-user: 173
Ibuprofen: 59
Non-user: 170
Ketorolac: 62

53.7 60.8
Foot and
ankle disease

3 7/9

DePeter
(2017) (32)

808
Non-user: 470
Ibuprofen: 338

9.49 63.3 Extremity fractures NA 7/9

Donohue
(2016) (31)

328
Non-user: 243
Ketorolac: 85

42.2 63.7
Femoral and
tibial fractures

12 7/9

Blomquist
(2014) (29)

477
Non-user: 322
Miscellaneous NSAIDs: 155

28.8 67.3 Shoulder instability 12 7/9

Jeffcoach
(2014) (30)

1,901
Non-user: 1,670
Miscellaneous NSAIDs: 231

46.6 56.0 Long bone fracture 24 6/9

Schemitsch
(2012) (28)

1,226 NA 39.5 NA
Long-bone
fracture (tibia)

12 7/9

Kay (2010) (27) 221
Non-user: 52
Ketorolac: 169

6.7 48.0 Unspecified fractures 6 7/9

Lumawig
(2009) (26)

273
Non-user: 19
Diclofenac: 254

60.0 47.0
Local autogenous
bone graft

24 7/9

Pradhan
(2008) (24)

405
Non-user: 177
Toradol: 228

56.2 35.8
Degenerative
spine disease

30 7/9

Sucato
(2008) (25)

319
Non-user: 161
Ketorolac: 158

14.3 15.5
Adolescent
idiopathic scoliosis

39 6/9

Bhattacharyya
(2005) (21)

9,995
Non-user: 8,963
Miscellaneous NSAIDs: 1,032

77.0 NA Long bone fracture 12 6/9

Park
(2005) (22)

88
Non-user: 58
Ketorolac: 30

52.7 32.6
Lumbar spinal
degenerative disease

24 7/9

Reuben
(2005) (23)

434

Non-user: 130
Rofecoxib: 124
Celecoxib: 60
Ketorolac: 120

46.1 58.5
Degenerative
spine disease

12 7/9

Vitale
(2003) (20)

208
Non-user: 148
Ketorolac: 60

13.4 28.9 Scoliosis 67 7/9

Bhandari M
(2003) (18)

192
Non-user: 148
Miscellaneous NSAIDs: 44

38.0 73.0 Tibial shaft fracture 12 7/9

Burd
(2003) (19)

112
Non-user: 74
Indomethacin: 38

38.6 NA Long bone fracture NA 6/9

Giannoudis
(2000) (17)

99
Non-user: 70
Miscellaneous NSAIDs: 29

38.0 NA Femoral diaphysis NA 7/9

Glassman
(1998) (16)

288
Non-user: 121
Ketorolac: 167

43.8 61.2
Degenerative
spine disease

24 7/9
frontie
NSAIDs, non-steroidal anti-inflammatory drugs; NOS, Newcastle–Ottawa scale; NA, Not Applicable.
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non-union/delayed union (pooled crude OR = 2.27; 95% CI: 1.07–

4.82; I2 = 91%). For patients receiving treatment for a degenerative

spine fracture, NSAID usage was significantly associated with

increased risk of non-union/delayed union (pooled crude OR =

1.49; 95% CI: 1.41–1.57; I2 = 64%). Among patients with scoliosis,

those who were using NSAIDs had a lowered risk of non-union/

delayed union in scoliosis (pooled crude OR = 0.56; 95% CI: 0.32–

0.99; I2 = 0%) (Supplementary Figure 2).

Association between NSAID usage and non-
union/delayed union assessed by adjusted OR

Figure 3 shows the meta-analysis results using the adjusted OR

to assess the association between NSAID usage and non-union/

delayed union. There were four studies (23, 28, 30, 33) that provided

an adjusted OR. Moderate heterogeneity across the studies was

detected (I2 = 39%). There was no significant difference in the rates

of non-union or delayed union between NSAID users and non-

users (pooled adjusted OR = 1.11; 95% CI: 0.99–1.23) (Figure 3).

Association between NSAID usage and
reoperation assessed by unadjusted OR

Figure 4 demonstrates the result of the meta-analysis on the

association between NSAID usage and risk of reoperation,

represented by crude OR. Only four studies (18, 20, 29, 35)

reported relevant data, and moderate heterogeneity was detected

among the studies (I2 = 29%). Compared with non-user, NSAID
Frontiers in Endocrinology 05
users had a significantly higher risk for reoperation (pooled crude

OR = 1.97; 95% CI: 1.88–2.07) (Figure 4).
Publication bias

The Funnel plot for publication bias analysis is shown in

Figure 5. There was no evidence of publication bias in the

included studies according to Egger’s regression test (p = 0.496).

Due to the small number of studies that reported an adjusted OR for

non-union/delayed union outcome and reoperation, publication

bias assessment was not performed (Figure 5).
Sensitivity analyses

Results of the sensitivity analysis performed using the leave-

one-out approach are shown in Supplementary Tables 1–3. The

pooled crude OR for non-union/delayed union did not significantly

change upon removing any single study, suggesting that none of the

studies excessively influenced the pooled estimates. Similarly, the

pooled adjusted OR for non-union/delayed union also did not

significantly change upon removing any single study.

As for the association between NSAID usage and reoperation,

when removing the study by Lindsay et al. (35), the pooled OR

became insignificant (OR = 1.42; 95% CI: 0.88–2.28; p = 0.152),
FIGURE 2

Meta-analysis of the association between NSAIDs usage and non-union/delayed union, assessed by crude odds ratio (OR).
FIGURE 3

Meta-analysis of the association between NSAIDs usage and non-union/delayed union, assessed by adjusted odds ratio (OR).
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FIGURE 4

Meta-analysis of the association between NSAIDs usage and reoperation, assessed by crude odds ratio (OR).
FIGURE 5

Funnel plots of publication bias assessment for the studies that reported a crude OR of associations between NSAIDs usage and non-union/
delayed union.
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indicating that study influenced the meta-analysis result

substantially (Supplementary Tables 1–3).
Quality assessment

The quality ratings of individual studies as assessed by the NOS

are shown in Table 1. The overall quality rating indicates that the

included studies are of moderate quality.
Discussion

This updated systematic review and meta-analysis included 20

studies and over 500,000 patients. The meta-analysis investigated the

association between NSAIDs and the risk of non-union or delayed

union in bone healing, as well as reoperation. The crude analysis, which

did not adjust for confounding factors, suggested a significant

association of NSAIDs with increased risk in the overall population

and certain subgroups, such as adults or patients treated for long bone

fractures. However, when the analysis was narrowed to studies that

adjusted for confounding variables, the association was no longer

statistically significant, indicating that NSAIDs may not significantly

impact bone healing. The robustness of this finding was confirmed by

sensitivity analysis. Additionally, the initial meta-analysis results

showed a significant association between NSAID use and the need

for reoperation. However, in the sensitivity analysis, after excluding the

largest study from the analysis this association also became statistically

insignificant. This indicates that the initial finding might have been

influenced by that particular study. Overall, these results suggest that, in

real-world settings, NSAIDs might have minimal impact on bone

healing. It is important to note, however, that such conclusions should

be interpreted with caution and in the context of the relatively small

number of studies that reported adjusted ORs, their retrospective

design, and the types and dosages of NSAIDs used.

Moderate heterogeneity was detected in most of our pooled

analyses, necessitating further discussion. Firstly, although we pooled

the adjusted ORs, the analysis includes data from a diverse set of studies

with significant variations in demographics data, which might still

result in residual confounding. Secondly, variations in the exact fracture

sites and comorbid conditions across the included studies might have

also contributed to the heterogeneity. Notably, it is known that NSAIDs

exert their effects by inhibiting cyclooxygenase-1 (COX-1) and COX-2.

Even drugs classified as COX-2 inhibitors have different

pharmacokinetics and pharmacodynamics. Accordingly, such

variations among the NSAIDs included in this meta-analysis could

confound the results and consequently, leading to the statistical

insignificance we observed.

The influence of NSAIDs on bone healing represents a nuanced

and highly debated issue within the medical research community,

which has been the focus of extensive investigation over numerous

years. Overall studies have provided inconsistent results. Many other

systematic reviews and meta-analysis have attempted to examine the

relation between NSAID use and bone healing. In a study published in

2016, Marquez-Lara systematically reviewed literature examining

NSAID use and bone healing and categorized the quality of the
Frontiers in Endocrinology 07
studies using the modified Coleman Methodology Score (9).

Interestingly, studies that demonstrated a negative effect of NSAIDs

on bone healing had significantly lower Coleman scores than those that

concluded that NSAIDs had no effect on bone healing. In the

comprehensive review, a total of two meta-analyses and 22 narrative

reviews were examined. Notably, the reviews that concluded that

NSAIDs are safe for use referenced a significantly higher number of

clinical studies compared with those reviews advocating for the

avoidance of NSAIDs. This discrepancy highlights the variance in

the breadth of evidence considered in forming conclusions about the

safety and impact of NSAIDs on bone healing, suggesting a potential

correlation between the volume of supportive clinical data and the

perceived safety of NSAIDs in the context of bone healing processes.

In a systematic review conducted by Borgeat et al. in 2018, which

scrutinized the literature spanning the preceding 38 years, a total of

three prospective Randomized Controlled Trials (RCTs) and 13

retrospective studies that were identified and included in the analysis.

A meta-analysis was not be performed because of the marked

differences between the studies. The authors concluded that there

was not strong evidence that NSAIDs increased the non-union rate;

however, the authors also noted that the overall study quality was poor.

A prior meta-analysis of the effect of NSAIDs on bone healing rates by

Wheatley et al. (13) found that NSAID exposure increased delayed

union or non-union (OR = 2.07; 95% CI: 1.19–3.61). Notably, the effect

was seen in adults but not in children. Our analysis presents a nuanced

perspective that both aligns with and diverges from existing literature.

In our analysis, unadjusted pooled results suggested a link between

NSAID use and increased risk of bone non-union; on the other hand,

using pooled adjusted ORs revealed no association between NSAID use

and non-union. These findings underscore the complexity of the

relation between NSAID use and bone healing.

A reason for these inconsistent results may be in part due to the

complexity of factors influencing outcomes such as the particular

drug used and duration of treatment, patient age and the severity of

the injury as well as the specific bone injured, and methods used for

bone fixation. Some reviews and meta-analysis have focused on the

healing of specific bones. Piche et al. (36) performed a systematic

review to examine the effect of NSAIDs on spinal fracture healing.

Although 1,715 studies were initially screened, only three studies

(214 patients) met their inclusion criteria. There was very large

heterogeneity among the studies and the results varied markedly:

one study reported a 96% healing rate, whereas another reported a

90% non-union rate. Tian et al. (37) studied the factors influencing

non-union of tibial fractures. They included 111 studies (41,429

patients) in the analysis and identified 15 factors associated with

non-union, and NSAID use was one of the factors associated with

non-union. Duchman et al. (38) performed a systematic review and

meta-analysis to determine the effect of NSAIDs on tendon-to-bone

healing. Three clinical and 10 basic science studies were included in

their analysis. One clinical study reported a higher rate of rotator

cuff repair failure with a selective NSAID (COX-2) compared with

non-selective NSAIDs, whereas analysis of the animal studies found

no significant effect of NSAIDs on repair failure.

The current meta-analysis encompassed a diverse cohort,

incorporating both pediatric and adult patients. Subsequent

subgroup analyses conducted for each demographic revealed a
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notable finding: among the children population, there was no

significant association detected between the use of NSAIDs and

the occurrence of bone non-union. This finding aligns with the

conclusions drawn in previous literature. Contrary to the results of

studies of adults, prior studies of children have overall found that

NSAID use has no effect on bone healing. A review of the literature

in 2021 by Choo and Nuelle (39) concluded that there is no

increased with of non-union in children who are treated with

NSAIDs for pain control. A systematic review by Stroud et al.

(40) published in 2022 concluded a similar result. The authors

included six articles in their final analysis and found that none of

the studies reported increased non-union or delayed bone healing

in children who received NSAIDs.

We did not conduct separate analyses to explore the association

between specific types of NSAIDs and outcomes due to the lack of

sufficient data, which precluded the possibility of performing

meaningful pooled analyses. Previously, a few of studies have

examined the effect of specific NSAIDs on bone healing. For

example, Kim et al. (41) reported that short-term use of COX-2

inhibitors had no effect on long-bone fracture healing rates, use for

> 3 weeks may be associated with higher rates of non-union or

delayed union. In an RCT, Aliuskevicius et al. (42) reported that

ibuprofen use had no effect on bone healing of a Colles’ fracture. A

recent review of the literature regarding ketorolac and bone healing

concluded that there is no evidence short-term use in the peri-

operative period has any effect on bone healing, but long-term use

may negatively affect fracture healing (43). Given these diverse

outcomes, there is a clear need for further research to bridge

the gap.
Strengths and limitations

This comprehensive systematic review and meta-analysis

synthesized the evidence concerning the impact of NSAIDs usage

on bone healing outcomes and provides a more precise and

dependable evaluation of the impact of NSAIDs on bone healing

in contrast to prior analyses that might not have fully considered

confounding factors. To enhance the reliability of our assessment,

we separately pooled both crude and adjusted ORs, which is a major

advantage over earlier reviews. In addition, the robustness of the

findings is supported by the sensitivity analysis. However, several

important limitations should be noted. First, the small number of

studies reporting adjusted ORs is a limitation. Additionally, all

included studies are of retrospective design, which lowers the

evidence level of the meta-analysis compared with those including

prospective studies. The included studies encompass a variety of

patient conditions, such as degenerative spinal disease and long

bone fractures, and patients’ demographic and baseline conditions

may vary considerably. Another important issue is that many

studies did not specify the type (e.g., COX-1 or COX-2), dosage,

and duration of NSAID usage, which might possibly introduce bias

into the analytic results. Future meta-analyses or systematic reviews

are still warranted once more publications become available to

address these shortcomings.
Frontiers in Endocrinology 08
Conclusion

This updated systematic review and meta-analysis suggests that

NSAIDs may have a minimal impact on the risk of non-union or

delayed union. However, these findings should be interpreted

cautiously due to the relatively limited number of studies

included, and the types and dosages of NSAIDs could not be

included in the analysis.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Author contributions

P-YC: Conceptualization, Methodology, Project administration,

Supervision, Visualization, Writing – original draft. T-YY: Data

curation, Formal analysis, Investigation, Methodology, Writing –

review & editing. Y-HT: Data curation, Formal analysis,

Investigation, Methodology, Writing – review & editing. K-CH:

Data curation, Formal analysis, Investigation, Project administration,

Validation, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online at:

https://www.frontiersin.org/articles/10.3389/fendo.2024.1428240/

full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2024.1428240/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1428240/full#supplementary-material
https://doi.org/10.3389/fendo.2024.1428240
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Chuang et al. 10.3389/fendo.2024.1428240
References
1. Wildemann B, Ignatius A, Leung F, Taitsman LA, Smith RM, Pesántez R, et al. Non-
union bone fractures. Nat Rev Dis Primers. (2021) 7:57. doi: 10.1038/s41572-021-00289-8

2. Quan K, Xu Q, Zhu M, Liu X, Dai M. Analysis of risk factors for non-union after
surgery for limb fractures: A case-control study of 669 subjects. Front Surg. (2021)
8:754150. doi: 10.3389/fsurg.2021.754150

3. Zura R, Mehta S, Della Rocca GJ, Steen RG. Biological risk factors for nonunion of
bone fracture. JBJS Rev. (2016) 4:2. doi: 10.2106/JBJS.RVW.O.00008

4. Sohail R, Mathew M, Patel KK, Reddy SA, Haider Z, Naria M, et al. Effects of non-
steroidal anti-inflammatory drugs (NSAIDs) and gastroprotective NSAIDs on the
gastrointestinal tract: A narrative review. Cureus. (2023) 15:e37080. doi: 10.7759/cureus.37080

5. Day RO, Graham GG. Non-steroidal anti-inflammatory drugs (NSAIDs). BMJ.
(2013) 346:f3195. doi: 10.1136/bmj.f3195

6. Bindu S, Mazumder S, Bandyopadhyay U. Non-steroidal anti-inflammatory drugs
(NSAIDs) and organ damage: A current perspective. Biochem Pharmacol. (2020)
180:114147. doi: 10.1016/j.bcp.2020.114147

7. Borgeat A, Ofner C, Saporito A, Farshad M, Aguirre J. The effect of nonsteroidal
anti-inflammatory drugs on bone healing in humans: A qualitative, systematic review. J
Clin Anesth. (2018) 49:92–100. doi: 10.1016/j.jclinane.2018.06.020

8. Sheen JR, Mabrouk A, Garla VV. Fracture Healing Overview. In: StatPearls.
Treasure Island (FL): StatPearls Publishing. (accessed April 8, 2023).

9. Marquez-Lara A, Hutchinson ID, Nuñez FJr., Smith TL, Miller AN. Nonsteroidal
anti-inflammatory drugs and bone-healing: A systematic review of research quality.
JBJS Rev. (2016) 4:2–7. doi: 10.2106/JBJS.RVW.O.00055

10. Ali M, Kuntal P. Effects of NSAID use on bone healing: A meta-analysis of
retrospective case-control and cohort studies within clinical settings. Trauma. (2020)
22:2. doi: 10.1177/1460408619886211

11. Al Farii H, Farahdel L, Frazer A, Salimi A, Bernstein M. The effect of NSAIDs on
postfracture bone healing: a meta-analysis of randomized controlled trials. OTA Int.
(2021) 4:e092. doi: 10.1097/OI9.0000000000000092

12. Lisowska B, Kosson D, Domaracka K. Positives and negatives of nonsteroidal
anti-inflammatory drugs in bone healing: the effects of these drugs on bone repair.Drug
Des Devel Ther. (2018) 12:1809–14. doi: 10.2147/DDDT

13. Wheatley BM, Nappo KE, Christensen DL, Holman AM, Brooks DI, Potter BK.
Effect of NSAIDs on bone healing rates: A meta-analysis. J Am Acad Orthop Surg.
(2019) 27:e330–6. doi: 10.5435/JAAOS-D-17-00727

14. Page MJ, Mckenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: An updated guideline for reporting systematic reviews.
Int J Surg. (2021) 88:105906. doi: 10.1016/j.ijsu.2021.105906

15. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25:603–
5. doi: 10.1007/s10654-010-9491-z

16. 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. doi: 10.1097/00007632-199804010-00020

17. Giannoudis PV, Macdonald DA, Matthews SJ, Smith RM, Furlong AJ, De Boer
P. Nonunion of the femoral diaphysis. The influence of reaming and non-steroidal anti-
inflammatory drugs. J Bone Joint Surg Br. (2000) 82:655–8. doi: 10.1302/0301-
620X.82B5.0820655

18. Bhandari M, Tornetta P 3rd, Sprague S, Najibi S, Petrisor B, Griffith L, et al.
Predictors of reoperation following operative management of fractures of the tibial
shaft. J Orthop Trauma. (2003) 17:353–61. doi: 10.1097/00005131-200305000-00006

19. Burd TA, Hughes MS, Anglen JO. Heterotopic ossification prophylaxis with
indomethacin increases the risk of long-bone nonunion. J Bone Joint Surg Br. (2003)
85:700–5. doi: 10.1302/0301-620X.85B5.13970

20. Vitale MG, Choe JC, Hwang MW, Bauer RM, Hyman JE, Lee FY, et al. Use of
ketorolac tromethamine in children undergoing scoliosis surgery. an analysis of
complications. Spine J. (2003) 3:55–62. doi: 10.1016/S1529-9430(02)00446-1

21. Bhattacharyya T, Levin R, Vrahas MS, Solomon DH. Nonsteroidal
antiinflammatory drugs and nonunion of humeral shaft fractures. Arthritis Rheum.
(2005) 53:364–7. doi: 10.1002/(ISSN)1529-0131

22. 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. doi: 10.3349/ymj.2005.46.2.245

23. Reuben SS, Ablett D, Kaye R. High dose nonsteroidal anti-inflammatory drugs
compromise spinal fusion. Can J Anaesth. (2005) 52:506–12. doi: 10.1007/BF03016531
Frontiers in Endocrinology 09
24. 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. doi: 10.1097/BRS.0b013e31818396f4

25. 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. doi: 10.1097/BRS.0b013e31816f6a2a

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

27. Kay RM, Directo MP, Leathers M, Myung K, Skaggs DL. Complications of
ketorolac use in children undergoing operative fracture care. J Pediatr Orthop. (2010)
30:655–8. doi: 10.1097/BPO.0b013e3181efb8b4

28. Schemitsch EH, Bhandari M, Guyatt G, Sanders DW, Swiontkowski M, Tornetta
P, et al. Prognostic factors for predicting outcomes after intramedullary nailing of the
tibia. J Bone Joint Surg Am. (2012) 94:1786–93. doi: 10.2106/JBJS.J.01418

29. Blomquist J, Solheim E, Liavaag S, Baste V, Havelin LI. Do nonsteroidal anti-
inflammatory drugs affect the outcome of arthroscopic Bankart repair? Scand J Med Sci
Sports. (2014) 24:e510–514. doi: 10.1111/sms.12233

30. Jeffcoach DR, Sams VG, Lawson CM, Enderson BL, Smith ST, Kline H, et al.
Nonsteroidal anti-inflammatory drugs’ impact on nonunion and infection rates in
long-bone fractures. J Trauma Acute Care Surg. (2014) 76:779–83. doi: 10.1097/
TA.0b013e3182aafe0d

31. Donohue D, Sanders D, Serrano-Riera R, Jordan C, Gaskins R, Sanders R, et al.
Ketorolac administered in the recovery room for acute pain management does not
affect healing rates of femoral and tibial fractures. J Orthop Trauma. (2016) 30:479–82.
doi: 10.1097/BOT.0000000000000620

32. Depeter KC, Blumberg SM, Dienstag Becker S, Meltzer JA. Does the use of
ibuprofen in children with extremity fractures increase their risk for bone healing
complications? J Emerg Med. (2017) 52:426–32. doi: 10.1016/j.jemermed.2016.09.027

33. George MD, Baker JF, Leonard CE, Mehta S, Miano TA, Hennessy S. Risk of
nonunion with nonselective NSAIDs, COX-2 inhibitors, and opioids. J Bone Joint Surg
Am. (2020) 102:1230–8. doi: 10.2106/JBJS.19.01415

34. Hassan MK, Karlock LG. The effect of post-operative NSAID administration on
bone healing after elective foot and ankle surgery. Foot Ankle Surg. (2020) 26:457–63.
doi: 10.1016/j.fas.2019.05.016

35. Lindsay SE, Philipp T, Ryu WHA, Wright C, Yoo J. Nonsteroidal anti-
inflammatory drugs in the acute post-operative period are associated with an
increased incidence of pseudarthrosis, hardware failure, and revision surgery
following single-level spinal fusion. Spine (Phila Pa 1976). (2023) 48:1057–63.
doi: 10.1097/BRS.0000000000004695.

36. Piche JD, Muscatelli S, Ahmady A, Patel R, Aleem I. The effect of non-steroidal
anti-inflammatory medications on spinal fracture healing: a systematic review. J Spine
Surg. (2021) 7:516–23. doi: 10.21037/jss

37. Tian R, Zheng F, Zhao W, Zhang Y, Yuan J, Zhang B, et al. Prevalence and
influencing factors of nonunion in patients with tibial fracture: systematic review and
meta-analysis. J Orthop Surg Res. (2020) 15:377. doi: 10.1186/s13018-020-01904-2.

38. Duchman KR, Lemmex DB, Patel SH, Ledbetter L, Garrigues GE, Riboh JC. The
effect of non-steroidal anti-inflammatory drugs on tendon-to-bone healing: A
systematic review with subgroup meta-analysis. Iowa Orthop J. (2019) 39(1):107–19.

39. Choo S, Nuelle J. NSAID use and effects on pediatric bone healing: A review of
current literature. Children (Basel). (2021) 8:8. doi: 10.3390/children8090821

40. Stroud S, Katyal T, Gornitzky AL, Swarup I. Effect of non-steroidal anti-
inflammatory drugs on fracture healing in children: A systematic review. World J
Orthop. (2022) 13:494–502. doi: 10.5312/wjo.v13.i5.494

41. Kim H, Kim DH, Kim DM, Kholinne E, Lee ES, Alzahrani WM, et al. Do
nonsteroidal anti-inflammatory or COX-2 inhibitor drugs increase the nonunion or
delayed union rates after fracture surgery?: A propensity-score-matched study. J Bone
Joint Surg Am. (2021) 103:1402–10. doi: 10.2106/JBJS.20.01663

42. Aliuskevicius M, Østgaard SE, Hauge EM, Vestergaard P, Rasmussen S.
Influence of ibuprofen on bone healing after colles’ Fracture: A randomized
controlled clinical trial. J Orthop Res. (2020) 38:545–54. doi: 10.1002/jor.24498

43. King JL, Richey B, Yang D, Olsen E, Muscatelli S, Hake ME. Ketorolac and bone
healing: a review of the basic science and clinical literature. Eur J Orthop Surg
Traumatol. (2024) 34:673–81. doi: 10.1007/s00590-023-03715-7
frontiersin.org

https://doi.org/10.1038/s41572-021-00289-8
https://doi.org/10.3389/fsurg.2021.754150
https://doi.org/10.2106/JBJS.RVW.O.00008
https://doi.org/10.7759/cureus.37080
https://doi.org/10.1136/bmj.f3195
https://doi.org/10.1016/j.bcp.2020.114147
https://doi.org/10.1016/j.jclinane.2018.06.020
https://doi.org/10.2106/JBJS.RVW.O.00055
https://doi.org/10.1177/1460408619886211
https://doi.org/10.1097/OI9.0000000000000092
https://doi.org/10.2147/DDDT
https://doi.org/10.5435/JAAOS-D-17-00727
https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1097/00007632-199804010-00020
https://doi.org/10.1302/0301-620X.82B5.0820655
https://doi.org/10.1302/0301-620X.82B5.0820655
https://doi.org/10.1097/00005131-200305000-00006
https://doi.org/10.1302/0301-620X.85B5.13970
https://doi.org/10.1016/S1529-9430(02)00446-1
https://doi.org/10.1002/(ISSN)1529-0131
https://doi.org/10.3349/ymj.2005.46.2.245
https://doi.org/10.1007/BF03016531
https://doi.org/10.1097/BRS.0b013e31818396f4
https://doi.org/10.1097/BRS.0b013e31816f6a2a
https://doi.org/10.1016/j.spinee.2008.06.455
https://doi.org/10.1097/BPO.0b013e3181efb8b4
https://doi.org/10.2106/JBJS.J.01418
https://doi.org/10.1111/sms.12233
https://doi.org/10.1097/TA.0b013e3182aafe0d
https://doi.org/10.1097/TA.0b013e3182aafe0d
https://doi.org/10.1097/BOT.0000000000000620
https://doi.org/10.1016/j.jemermed.2016.09.027
https://doi.org/10.2106/JBJS.19.01415
https://doi.org/10.1016/j.fas.2019.05.016
https://doi.org/10.1097/BRS.0000000000004695
https://doi.org/10.21037/jss
https://doi.org/10.1186/s13018-020-01904-2
https://doi.org/10.3390/children8090821
https://doi.org/10.5312/wjo.v13.i5.494
https://doi.org/10.2106/JBJS.20.01663
https://doi.org/10.1002/jor.24498
https://doi.org/10.1007/s00590-023-03715-7
https://doi.org/10.3389/fendo.2024.1428240
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Do NSAIDs affect bone healing rate, delay union, or cause non-union: an updated systematic review and meta-analysis
	Introduction
	Methods
	Search strategy
	Study selection criteria
	Main outcome measures and data extraction
	Ethics statement
	Quality assessment
	Statistical analysis

	Results
	Study selection
	Characteristics of included studies
	Meta-analysis
	Association between NSAID usage and non-union/delayed union assessed by unadjusted OR
	Association between NSAID usage and non-union/delayed union assessed by adjusted OR
	Association between NSAID usage and reoperation assessed by unadjusted OR

	Publication bias
	Sensitivity analyses
	Quality assessment

	Discussion
	Strengths and limitations

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


