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Abstract

Objectives. The purpose of this study was to systematically review the available evidence regarding any plausible deleterious
effects of nonsteroidal anti-inflammatory drugs (NSAIDs) on chondrocytes, chondrocyte differentiation, and allograft
or autograft incorporation after cartilage repair procedures. Design. Three databases (PubMed, Science Direct, and
Cochrane Library) were screened for eligible studies: investigating the effects of NSAIDs on chondrocytes, chondrogenic
differentiation, or allograft/autograft incorporation. This evaluation included studies of any level of evidence, written in
English, reporting clinical or preclinical results, published in peer review journals and dealing with our topic. All articles
evaluating the effects of NSAIDs on either osteoarthritic (OA) chondrocyte samples or OA chondrocyte models were
excluded. Moreover, articles about bone healing in which allograft or autograft incorporation was not investigated were
also excluded. Methodologic quality assessment was performed for in vivo animal studies according to ARRIVE guidelines,
and risk of bias of each included study was identified using the ROBINS-I tool. Results. Eighteen studies were included
in the review: 4 in vitro studies, |3 animal studies, and | human study. According to these studies NSAIDs have no
detrimental effect on healthy mature chondrocytes; however, these drugs influence chondrocyte differentiation and graft
incorporation and therefore may interfere with chondrogenesis and incorporation after transplantation of chondrocytes
or osteochondral grafts. Conclusion. The use of NSAIDs, systemic or local, after cartilage repair procedures should be
avoided unless a substantial clinical benefit would otherwise be withheld from the patient. More human studies are needed
to analyze the effect of NSAIDs on cartilage repair.
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is now known that at least 2 isoforms of COX exist, the
inducible isoform COX-2 and the constitutive isoform
COX-1.4 NSAIDs differ based on their selectivity for

Introduction

Cartilage damage can lead to persistent symptoms, includ-
ing swelling, pain, loss of function, and may ultimately

progress to symptomatic degeneration of the joint if it is left
untreated.! To delay or avoid a joint arthroplasty, multiple
treatment options are available to restore the injured carti-
lage depending on patient and lesion characteristics, includ-
ing marrow stimulation techniques (MST); drilling,
abrasion arthroplasty, and microfracture, as well as osteo-
chondral autograft transplantation (OATS), osteochondral
allograft transplantation (OCA) and autologous chondro-
cyte implantation (ACI).23 Perioperatively nonsteroidal
anti-inflammatory drugs (NSAIDs) are widely used in
orthopedics and demonstrate anti-inflammatory and analge-
sic effects through different mechanisms.+ The therapeutic
effect is attributed to inhibition of cyclooxygenase (COX)
activity. COX constitutes a group of enzymes responsible
for the synthesis of prostaglandins and thromboxane, which
are crucial mediators of pain, inflammation, and fever.10 It
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COX-1 and COX-2.5 These drugs can either inhibit the
activity of both COX-1 and COX-2 with near-equal potency;
preferentially inhibit the activity of COX-2 while inhibiting
COX-1 with less potency; or highly selectively inhibit the
COX-2 isoenzyme.’

Use of NSAIDs in the postoperative period has been
shown to reduce pain scores, improve patient satisfaction,
allow earlier mobilization, and decrease opioid require-
ments, therefore minimizing opiate-induced adverse
events.!! However, conflicting data regarding their poten-
tial deleterious effects on new bone formation, bone
remodeling, fracture healing, osseointegration, and spinal
fusion have been reported.!2-26 Endochondral ossification
(EO), which is responsible for normal long bone formation
in the growth plates, fracture healing (when bone fixation
permits a small degree of movement), and ectopic genera-
tion of cartilage, is one of the two bone formation mecha-
nisms.2728 During EO, mesenchymal stem cells (MSCs)
differentiate toward chondrocytes. Afterward, the chondro-
cytes become hypertrophic and direct the formation of
mineralized matrix, promote angiogenesis and finally
undergo apoptosis or transdifferentiate into osteo-
blasts.!7.29.30  The remaining mineralized extracellular
matrix provides a molecular scaffold for osteoblasts and
osteoclasts to adhere to and remodel, setting the stage for
de novo bone deposition.3! Similar mechanisms can be
identified following cartilage repair procedures. For
instance, during MST procedures, small holes are created
to penetrate the subchondral bone to allow the influx of
blood and marrow-derived stem cells to the base of the
defect with the formation of a blood clot. Subsequently,
such cells differentiate toward chondrocytes and form hya-
line like cartilage. However, EO often goes along in the
absence of an inhibitory mechanism and results in bone
formation (intralesional osteophytes).32.33 In ACI, imma-
ture tissues is implanted and it undergoes several phases to
form a mature tissue: proliferative stage, in which chondro-
cytes are proliferating and the tissue fills the defect (up to
6 weeks); transition stage with soft, primitive repair tissue
(6-12 weeks); early maturation stage, where repair begins
to solidify and matrix consists mainly of type-II collagen,
aggrecan, and other matrix proteins (12-26 weeks); and
finally the late maturation stage, with fully matured chon-
drocyte and matrix (26 weeks to 3 years).3435 Moreover,
following OCA or OATS procedure, the implanted graft’s
subchondral bone integrates to the host bone and under-
goes remodeling, which are essential to its success.36.37
Given the fact that NSAIDs have an established detrimen-
tal effect on EO and consequently lead to an impairment of
bone healing and chondrogenic differentiation and NSAIDs
are commonly used perioperatively in patients undergoing
cartilage repair, we were interested in whether NSAIDs
have a negative effect on the outcome of cartilage repair
procedures. 12,13-26

The purpose of this study was to systematically review
the available evidence regarding the plausible deleterious
effects of NSAIDs on chondrocytes, chondrocyte differen-
tiation and allograft or autograft incorporation which are
integral parts of cartilage repair procedures. Our hypothesis
was that the NSAIDs have a negative effect on chondrocyte
differentiation and graft incorporation. We hope to establish
the current state of the knowledge and point toward knowl-
edge gaps that need to be studied in the future.

Methods

Literature Search Strategy

This systematic review was conducted according to the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).38 A comprehen-
sive search was performed of three medical electronic data-
bases (PubMed, Science Direct, and The Cochrane Library)
by 3 independent authors (CLL, GM, and EC) from their
date of inception to August 20, 2018. To achieve the maxi-
mum sensitivity of the search strategy, we combined the
terms: “NSAIDs” with “(cartilage OR chondrocytes)”;
“NSAIDs” with “(chondrocyte differentiation OR chondro-
genic differentiation); “NSAIDs with “(bone healing OR
bone graft) OR allograft) OR autograft) OR osteochondral)
as either key words or MeSH terms. The reference lists of
all retrieved articles, reference lists of included papers and
top hits from Google Scholar were reviewed for further
identification of potentially relevant studies and assessed
using the inclusion and exclusion criteria.

Study Selection

Eligible studies for the present systematic review included
those dealing with the effects of NSAIDs on chondrocytes,
chondrogenic differentiation and allograft or autograft
incorporation. The initial titles and abstracts screening
were made using the following inclusion criteria: studies
of any level of evidence, written in English, reporting clin-
ical or preclinical results, published in peer-reviewed jour-
nals and dealing with our topic. All the articles evaluating
the effects of NSAIDs on either osteoarthritic (OA) chon-
drocyte samples or OA chondrocyte models were excluded.
Moreover, articles about bone healing in which allograft
or autograft incorporation was not investigated were also
excluded. We also excluded all the remaining duplicates,
or those without an accessible abstract (Fig. 1). All publi-
cations were limited to in vivo, in vitro, animal, and human
studies in the English language. Abstracts, case reports,
conference presentations, reviews, editorials, and expert
opinions were excluded. Studies were initially screened
based on the abstracts and titles. Full texts were then
obtained for all studies matching the inclusion criteria and
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Figure |. Search strategy according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.

Eighteen studies were identified for inclusion.

reviewed to reconfirm the eligibility. The study selection
was performed independently by 2 authors (GM and EC),
and disagreement was resolved by discussion among all
authors. A senior investigator (CL) was consulted in situa-
tions where disagreement persisted.

Methodologic Quality Assessment and Risk of
Bias

In this systematic review, quality assessment of the in vitro
studies was not performed as there is no accepted grading
scale for such studies. Quality assessment of all in vivo
experiments selected full-text articles was performed
according to the ARRIVE (Animals in Research: Reporting
In Vivo Experiments) guidelines for reporting in vivo

experiments in animal research.3® The ARRIVE guidelines
consist of a checklist of 20 items describing the minimum
information that all scientific publications reporting
research using animals should include, such as the number
and specific characteristics of animals used (including spe-
cies, strain, sex, and genetic background); details of hous-
ing and husbandry; and the experimental, statistical, and
analytical methods (including details of methods used to
reduce bias such as randomization and blinding). It was
developed using the CONSORT (Consolidated Standards of
Reporting Trials) statement as their foundation.40 Quality
assessment was not performed for the 1 human study. Risk
of bias was assessed using the ROBINS-I (Risk Of Bias In
Non-randomised Studies—of Interventions) tool for nonran-
domized interventions.#! This tool was developed by
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Table I. Quality Assessment of the Included In Vivo Studies.
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members of the Cochrane Bias Methods Group and the
Cochrane Non-Randomized Studies Methods Group in
2016 and is easy to use, accessible and designed for system-
atic reviews. It involves assessing the risk of bias in seven
domains for outcomes in a study, performed for each study
outcome. Risk of bias is ranked low, moderate, serious, or
critical. Sometimes a judgement could not be made as the
study did not contain necessary information.

The assessments were performed by 2 authors (GM and
EM) independently. Any discrepancy was discussed with
the senior investigator (CL) for the final decision.

Results

Study Selection

A total of 473 studies were obtained from the databases
after the removal of the duplicates. After screening of the
titles and abstracts, 387 articles were filtered out because of
irrelevance to our study. Finally, 18 studies with full text
were included in this review after applying inclusion and
exclusion criteria (Fig. 1).

Methodologic Quality Assessment and Risk of
Bias

Quality assessment of the included in vivo animal studies
and the percentage publications in different categories per
checklist item are summarized in Tables 1 and 2, respec-
tively. In particular, the majority of publications were asso-
ciated with medium gradings when evaluating checklist
items, 4 (Introduction/Objective), 5 (i.e., Methods/Ethical
Statement), 7 (i.e., Methods/Experimental Procedure), 8
(i.e., Methods/Experimental Animals), 9 (Methods/Housing

Table 2. Percentage Publications (n = 13) in Different
Categories per Checklist Item.

Grading

Iltem 0 | 2

| 0 100

2 0 23.1 76.9

3 0 100

4 0 69.2 303

5 77 923 0

6 0 0 100

7 0 100 0

8 77 76.9 15.4

9 77 92.3 0
10 0 92.3 7.7
I 0 100 0
12 7.7 76.9 15.4
13 0 100 0
14 7.7 92.3

15 0 100 0
16 0 0 100
17 0 100 0
18 0 100 0
19 0 100 0
20 0 0 100

and Husbandry), 10 (i.e., Methods/Sample Size), 11
(Methods/Allocation Animals to Experimental Groups), 12
(i.e., Methods/Experimental Outcomes), 13 (i.e., Methods/
Statistical Methods), 15 (i.e., Results/Numbers Analyzed),
17 (Results/Adverse Events), 18 (i.e., Discussion/
Interpretation), and 19 (i.e., Discussion/Generalizability)
corresponding to 69.2%, 92.3%, 100%, 76.9%, 92.3%,



330S

CARTILAGE 13(Suppl 1)

Table 3. Risk of Bias of the Included In Vivo Studies.

Measurement Missing Measurement Reported

Study Confounding Selection of Intervention Data of Outcomes Result Overall

Dogan et al. Moderate Low Low Low Moderate Low Moderate
Irwin et al. Moderate Low Low Low Moderate Low Moderate
Orak et al. Moderate Low Low Low Moderate Low Moderate
Ekici et al. Moderate Low Low Low Moderate Low Moderate
Riggin et al. Moderate Low Low Low Moderate Low Moderate
Ozyuvaci et al. Moderate Low Low Low Moderate Low Moderate
Shapiro et al. Moderate Low Low Low Moderate Low Moderate
Saricaoglu et al. Moderate Low Low Low Moderate Low Moderate
Schroeder et al. Moderate Low Low Low Low Low Moderate
Janssen et al. Moderate Low Low Low Low Low Moderate
O’Keefe et al. Moderate Low Low Low Low Low Moderate
van der Heide et al. Moderate Low Low Low Moderate Low Moderate
Antoniolli et al. Moderate Low Low Low Moderate Low Moderate
Soreide et al. Moderate Low Low Low Serious Low Moderate

92.3%, 100%, 76.9%, 100%, 100%, 100%, 100%, and 100%
respectively. For checklist items 1 (i.e., Title), 2 (i.e.,
Abstract), 3 (i.e., Introduction/Background), 6 (i.e., Methods/
Study Design), 14 (Results/Baseline Data), 16 (i.e., Results/
Outcomes and Estimations), and 20 (Discussion) maximum
gradings were assigned to a total of 100%, 76.9%, 100%,
100%, 92.3%, 100%, and 100% of the included publica-
tions, respectively. In addition, the overall risk of bias was
moderate for all in vivo (animal and human) studies based
on the ROBINS-I tool (Table 3).

Study Characteristics

The general characteristics of the included studies are sum-
marized in Tables 4 and 5.

Out of the 18 included studies, 4 in vitro, 13 animal, and
1 human study were reviewed. Among the included animal
studies, varieties of animal models were investigated.
Twelve studies utilized small animals (7 in rats, 4 in rabbits,
and 1 in mice) and 1 study used a ruminant animal model
(goat). Various type of NSAIDs were utilized in the included
studies (Tables 4-6) Ketorolac was the most commonly
investigated NSAID (7 studies). Further studies evaluated
the effects of diclofenac (4 studies), celecoxib (3 studies),
tenoxicam (2 studies), lornoxicam (2 studies), meloxicam
(2 studies), paracoxib (1 study), dexketoprofen (1 study),
ketoprofen (1 study), and indomethacin (1 study).

Outcomes

Effects of NSAIDs on Chondrocytes. One in vitro study#
reported that ketorolac has a dose-dependent cytotoxic
effect on human chondrocytes whereas another in vitro
study43 reported increased chondrocyte viability. Further-
more, 4 in vivo studies found increased inflammation in the

joint with histological examinations following NSAIDs
administration.44-47

Studies reporting potential negative effects of NSAIDS on
chondrocytes and articular cartilage. Abrams et al.#2 investi-
gated the effects of a single-dose ketorolac on mature healthy
human chondrocytes in vitro. Chondrocytes were harvested
from sixteen donors and a bioreactor was used to expose
the chondrocytes to 0.3% and 0.6% ketorolac (more COX-1
selective NSAIDs). After treatment, a live/dead assay was
used to assess chondrocyte viability. The study found a sig-
nificantly higher (P < 0.05) chondrocyte mortality in the
group receiving the highest ketorolac concentration. How-
ever, Beitzel et al.43 in an in vitro study reported a signifi-
cantly increased chondrocyte viability (with luminescence
assays) at 24 and 120 hours after treatment with ketorolac
(P < 0.05) alone and with platelet-rich plasma (PRP; P <
0.001), compared with a control group treated with 2% or
10% fetal bovine serum (FBS). Dogan et al.44 performed a
histological evaluation of rabbit knee joints at 24 hours, 48
hours, and 10 days after ketorolac injection. They reported
significantly more histopathological changes in the treat-
ment groups compared with the control saline injection (P
< 0.05). Specifically, they demonstrated significant neutro-
phil and macrophage accumulation and invasion of articu-
lar cartilage and synovial membrane, as well as synovial
hypertrophy and hyperplasia. In another rabbit study, Irwin
et al 45 demonstrated histologically, that at 5 and 24 days
postinjection, the inflammation of the joint was signifi-
cantly higher (P < 0.05) in the ketorolac group compared
with control. Using a rat model, Orak et al.4¢ investigated
the effects of intraarticular injections with methylpredniso-
lone, tenoxicam (COX-2 selective NSAIDs) and diclofenac
(more COX-1 specific NSAIDs) respectively, following
intra-articular injection. NSAIDS (tenoxicam, diclofenac),
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unlike methylprednisolone, increased fibroblast numbers
and fibrosis levels (P < 0.05). Ozuyaci et al.47 observed
histopathological changes, including erosion of the joint
surfaces and edema 24 and 48 hours following intra-artic-
ular tenoxicam injection. However, no histopathological
changes were found at later time points (7, 14, and 21 days).

Studies reporting no or little effect of NSAIDs on chondrocytes
and articular cartilage. Six studies demonstrated no patho-
logical effects of NSAIDs on chondrocytes.4347-52 Ekici
et al 8 used dexketoprofen (COX-1 selective NSAIDs) in
a rat model. They reported no significant histopathologi-
cal damage up to 21 days after intraarticular administra-
tion. Riggin et al.,*° also using a rat model, investigated the
intra-articular effects of a single-dose ketorolac and found
no difference between the intervention and control groups
with regards to knee kinematics, mechanics and cartilage
mechanical and histological evaluation at 2, 7, 28, and 84
days postinjection. Shapiro et a/.50 did not find histologi-
cally relevant degenerative changes after ketorolac admin-
istration into the rabbit knee joint at 6 and 15 weeks after
intra-articular injection. Saricaogula et al.,5! using an in vivo
rat model, reported no significant histological differences
in joint inflammation and cartilage degeneration, between
saline- and lornoxicam-treated knees. The authors found
no pathological changes in both groups at 1, 2, 7, 14, and
21 days after injection. In addition to that, Shroeder et al.52
reported that repeated administration (1, 2, or 3 times) of
lornoxicam into the knee joint was well-tolerated in rabbits.
Using hematoxylin and eosin staining, they reported on
mechanical irritation and tract inflammation from the injec-
tion and adaptive synoviocyte responses; however, no signs
of toxicity to bone or chondrotoxicity were found.

Specific Effects of NSAIDs on Chondrocyte Differentiation. For
chondrocyte implantation chondrocyte differentiation is
critical. We therefore report potential effects of NSAIDs on
chondrocyte differentiation separately.

Two in vitro studies!'4!5 and 1 in vivo!® study reported
detrimental effects of NSAIDs on chondrocyte differentia-
tion. This effect secems to be dependent on the COX-
selectivity of the NSAIDs and the differentiation-stage of
the chondrocytes.

Pountos et al.'4 investigated the effects of NSAIDs
(ketorolac and diclofenac as being more COX-1 specific,
and parecoxib and meloxicam, as more COX-2 specific
drugs) on MSCs obtained from human trabecular bone and
bone marrow aspirates from superior iliac crest. These are
cells believed to potentially play a role in the differentiation
to mature chondrocytes in cases of microfracture or micro-
fracture-related techniques. They specifically studied pro-
liferation and differentiation toward the osteogenic and
chondrogenic linages. The effects of COX-1 and COX-2
inhibitors on MSC proliferation and osteogenic and

chondrogenic differentiation were tested using Vybrant,
sodium 3'-[1-(phenylaminocarbonyl)-3,4-tetrazolium]-bis
(4-methoxy-6-nitro) benzene sulfonic acid hydrate (XTT),
functional and quantitative assays of MSC differentiation.
The MSC expression of COX-1 and COX-2 and prostaglan-
din E2 (PGE-2) levels were evaluated serially during lin-
cage differentiation by quantitative polymerase chain
reaction (qPCR) and enzyme-linked immunosorbent assay
(ELISA). In this study, treatment of MSCs with NSAIDs
had no effect on cell proliferation or on their potential to
differentiate into osteogenic lineage. For chondrogenic dif-
ferentiation, a serum-free chondrogenic medium was used
and the cells were allowed to differentiate for 21 days and
form pellets. The drugs were included in the medium in
their stated plasma concentration. At day 21, pellets after
were assayed for their sulfated glycosaminoglycan (sGAG)
content. Use of a therapeutic concentration of diclofenac or
ketorolac decreased sGAG content by 45% and 55%.
Parecoxib and meloxicam, inhibited sGAG to a lesser
degree, 22% and 27%, respectively. Cartilage pellet immu-
nohistochemistry confirmed the above results. Pellet chon-
drogenesis was associated with increased COX-1 expression
levels, but not COX-2, and COX-1 specific drugs sup-
pressed MSC PGE-2 more than COX-2 specific inhibitors.

Another in vivo study by Caron et al.!5 reported on pro-
genitor cells differentiating in the chondrogenic lineage
(ATDCS, primary human bone marrow stem cells and ex
vivo periosteal agarose cultures) The cultures were treated
with increasing concentrations of indomethacin (2, 20, and
200 uM). Decreased gene and protein expression of chon-
drogenesis and increase of hypertrophy markers (measured
by real-time-qPCR and immunoblotting) as well as
decreased glycosaminoglycan content (by Alcian blue his-
tochemistry) was observed in all indomethacin treated cul-
tures. These findings follow a linear dose response. When
mature chondrocytes were treated with indomethacin, ele-
vation in collagen type 2 mRNA expression (Col2al) was
observed. Similarly, when ATDCS5 cells and bone marrow
stem cells were predifferentiated to obtain a chondrocyte
phenotype and indomethacin was added from this time
point onward, low concentrations of indomethacin also
resulted in increased chondrogenic differentiation.

Janssen et al.,'® in an in vivo rabbit model, investigated
the effects of orally administered celecoxib (selective
COX-2 inhibitor) or placebo (for 25 days) on endochondral
ossification during fracture healing of a noncritical size
defect in the ulna, femoral growth plate and ectopically
induced cartilaginous tissue. Endochondral ossification was
evaluated by radiography, micro-computed tomography,
histology and gene expression analysis. Delayed fracture
healing, alterations in growth plate development and pro-
gression of mineralization was observed. In addition, chon-
drogenic differentiation of ectopically induced cartilaginous
tissue was severely impaired.
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Effects of NSAIDs on Allograft and Autograft Bone Incorpora-
tion. Deleterious effects of NSAIDs on bone healing fol-
lowing allograft bone implantation were demonstrated in 2
in vivo studies.3053 In addition, one of these studiess3
reported delayed bone healing after autograft bone implan-
tation and NSAIDs administration. However, 1 in vivo
study found no negative effects of NSAIDs on bone
ingrowth for either bone graft. Furthermore, a human
study>4 reported no impaired effects of these drugs on auto-
graft bone incorporation.

O’Keefe et al.,30 in an in vivo rat model, demonstrated
that ketorolac (intramuscularly) and celecoxib (orally)
markedly inhibited bone repair. Mid-diaphyseal segmental
femoral defect was created in this study and then repaired
by frozen bone allograft. Bone healing was evaluated
weekly by X-ray and by a semiquantitative histomorpho-
metric analysis at 5 weeks postsurgery. Celecoxib and
ketorolac were administered daily for 2 or 5 weeks and
PGE-2 was infused locally via osmotic minipump for 4
weeks. Celecoxib or ketorolac administration for 5 weeks
reduced new bone ingrowth by about 60% (P < 0.05). The
percentage of bony bridging in both drug-treated groups
was significantly decreased at 5 weeks. Moreover, temporal
administration of celecoxib for 2 weeks significantly
reduced bone formation by 45% and withdrawal of the cele-
coxib only led to slight recovery of bone formation at the
graft side. In contrast, PGE-2 infusion stimulated bone for-
mation and healing.

van der Heide et al.55 investigated the effects of meloxi-
cam (COX-2 preferential drug), ketoprofen (nonselective
COX inhibitor) or no NSAIDs (utilized subcutaneously for
6 weeks) in an in vivo goat study. He used a model of a
bone chamber incorporation analysis examining either
autograft, rinsed allograft, or allograft that had been rinsed
and irradiated. All drugs were administered subcutane-
ously. Histological and histomorphometric analysis
revealed no significant differences in bone growth
(P = 0.5) or fibrous tissue ingrowth (P = 0.6) between the
different medication groups.

Antoniolli ef al.53 created a critical size defect in a rat
femoral diaphysis and filled the defect with autograft or
bovine bone devitalized matrix. Animals of each group
were redistributed to 4 subgroups according to the intra-
muscular administration of diclofenac sodium, dexametha-
sone, meloxicam or saline solution. At 7, 14, and 30 days,
specimens underwent histological evaluation consisted of
quantification of inflammatory process, bone neoformation,
collagen formation, and the presence of macrophages. The
use of diclofenac sodium and meloxicam delayed bone
healing following the use of autogenous bone graft and
bovine bone devitalized matrix compared with a control
group. However, significant and progressive increase of
bone neoformation was observed in auto and allografts
regardless of the use of NSAIDS.

Discussion

NSAIDs are widely used perioperatively in orthopedics and
in patients undergoing cartilage repair.4- Such medications
have an established effect on bone healing and chondrocyte
viability and differentiation.!2.13-26 Even though these mech-
anisms are important elements of graft incorporation and
chondral repair using cell-based chondral repair procedures
or auto/allograft techniques, the direct effect on cartilage
repair has not been studied in randomized controlled trials
(RCTs) and remain unclear. This may be in part due to the
fact that it may be difficult for study investigators to main-
tain equipoise if there is a general perception of detrimental
effects of NSAIDs on chondral repair.

The goal of this article was to systematically reviewed
the available evidence regarding the plausible deleterious
effects of NSAIDs on chondrocyte viability, chondrocyte
differentiation, as well as osteochondral autograft and
allograft incorporation.

Study Quality

Grading of the selected literature reporting on this topic
revealed significant heterogeneity. The majority of publica-
tions were associated with medium gradings when evaluat-
ing checklist items 4, 5, 7, 8, 9, 10, 11, 12, 13, 15, 17, 18.
For checklist items 1, 2, 3, 6, 14, 16, and 20, maximum
gradings were assigned to the included publications. In
addition, the overall risk of bias was moderate for all studies
based on the ROBINS-I tool.

Effect of NSAIDS on Articular Cartilage and
Chondrocytes

There is controversial literature regarding the overall effect
of NSAIDs on chondrocytes.4243 A recent in vitro study by
Abrams et al.42 reported a significantly higher (P < 0.05)
human chondrocyte mortality in the highest ketorolac
(0.6%) concentration compared with isotonic saline.
However, Beitzel et al.,3 in another in vitro model, reported
a significantly increased chondrocyte viability after treat-
ment with ketorolac (P < 0.05) alone and with PRP (P <
0.001). The discrepancies between the 2 studies may be due
to differences in the duration of treatment as well as the
model used to study chondrocyte death. In particular,
Abrams et al.4? used qPCR to analyze the differentiation
status of human chondrocytes and a bioreactor for continu-
ous medication delivery, consistent with a single-dose
injection. By contrast, Beitzel ef al.43 exposed chondrocytes
for only 1 hour to ketorolac and used only human chondro-
cytes obtained from Lonza (Hopkinton, MA) as culture
without evaluating the status of chondrocyte differentiation.
Consequently, intra-articular injection of ketorolac follow-
ing ACI is not suggested, given the fact that ACI graft is
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susceptible until the late maturation stage (26 weeks to 3
years)3435 and this drug might affect the chondrocyte sur-
vival. Moreover, chondrocyte viability in the OCA graft is
believed to be a major determinant of graft performance in
vivo, and any drug which can result in a lower viability
should be avoided.56.57

Dogan et al44 and Irwin et al.45 both found that intra-
articular injection of ketorolac in an animal model caused a
moderate to high-grade inflammation in the knee joint,
compared with saline injection (P < 0.05). Another in vivo
study by Orak et al., involving the use of diclofenac and
tenoxicam, found increased fibroblast numbers and fibrosis
levels. Furthermore, Ozuyaci et al.47 observed early (24-48
hours) inflammatory changes following intra-articular
tenoxicam injection in the knee joint, which changes dis-
solved by 7 days. However, Riggin et al.4® and Shapiro
et als0 found no histologically relevant degenerative
changes following ketorolac administration into the rat and
rabbit knee, respectively. Other animal studies further con-
firmed the safeness of the use of dexketoprofen4d and
lornoxicam.5152

It appears that studies looking at the early time points
within hours or days after injury report a detrimental effect
of NSAIDS on chondrocyte proliferation, and histological
parameters of chondral repair. However, the effect seems to
be significantly muted or absent at later time points. This
could be rationalized by assuming that a general healing
response requires an initial level of inflammation during the
carly phases of tissue repair but not in the remodeling or
repair phases.38 There are certainly some concerns based up
the findings that ketorolac may in fact induce an increase in
inflammation, which would be unintended.

Effects of NSAIDs on Chondrocyte
Differentiation

Pountos et al.,'4 in an in vitro study, indicated that ketoro-
lac, diclofenac, parecoxib, and meloxicam inhibited the
chondrogenic potential of MSCs. Moreover, pellet chon-
drogenesis was associated with increased COX-1 expres-
sion levels but not COX-2, and COX-1 specific drugs
suppressed MSC PGE-2 more than COX-2 specific inhibi-
tors. Therefore, it is possible that early administration of
NSAIDs inhibits bone healing>® with decreased chondro-
genic differentiation of MSCs, as supported by the findings
of Caron et al.'s in the study of indomethacin (nonspecific
COX inhibitor) administration at the early start of differen-
tiation. However, exposure of (pre)differentiated chondro-
cytes to indomethacin did not negatively influence a
chondrogenic phenotype, and instead stimulated it. This
implies that indomethacin’s effects on chondrogenic differ-
entiation depend on the cell’s differentiation stage. Janssen
et al.,'? in an in vivo study, found that COX-2 selective inhi-
bition caused impaired chondrogenic differentiation during

EO in his use of orally administered (25 days) celecoxib or
placebo on cartilaginous phase of 3 different endochondral
ossification scenarios. In addition, chondrogenic differenti-
ation of ectopically induced cartilaginous tissue was
severely impaired, indicating that a cell’s differentiation
status and sensitivity to NSAIDs is influenced by differen-
tiation stage-dependent COX-1 and COX-2 expression
patterns.!5 COX-2 expression during chondrogenic differ-
entiation is biphasic.!7.18 The first phase takes place during
chondrogenic differentiation of progenitor cells and later
during chondrocyte hypertrophy. Taken together, specific
inhibition of the COX-1 enzyme results in overall inhibi-
tion of chondrogenic differentiation, whereas COX-2 inhi-
bition specifically negatively affects the first phase of
chondrogenic differentiation and also the level of chon-
drocyte hypertrophy.1416-19 The use of anti-inflammatory
agents might therefore contribute to poor cartilage forma-
tion following MST procedures and cell-based chondral
repairs as chondrocyte differentiation is an component of
such procedures. However, in a later phase NSAIDs might
also help the chondrocytes to avoid hypertrophy and
obtain an optimal phenotype and therefore avoid intrale-
sional osteophyte formation a known complication of
MST procedures.32.33

Effect of NSAIDs on Bone Healing and Graft
Incorporation

We found that detrimental effects of NSAIDs on frac-
ture healing and osseointegration have been repor
ted.12.13,19-26 In particular, we were concerned about the
effects of NSAIDs on allograft and autograft incorpora-
tion as described by O’Keefe ef al.,30 indicating that the
utilization of ketorolac and celecoxib inhibits bone
repair in an in vivo allograft-healing model and delayed
allograft incorporation. There may be a difference based
up the selectiveness of the COX-inhibitor, however, as
van der Heide et al.55 showed no differences in bone
ingrowth using either ketoprofen or meloxicam in tita-
nium bone chambers loaded with fresh autograft, rinsed
allograft, or irradiated rinsed allograft. This observa-
tion is contradictory to the earlier mentioned article by
OKeefe et al.,30 which may be due to the use of a COX-2
preferential drug (meloxicam) instead of a COX-2
selective drug (celecoxib).12.13,19.20 However, Antoniolli
et al.;s3 in another in vivo model, reported that the use
of diclofenac sodium and meloxicam delayed bone
healing following the use of autogenous bone graft and
bovine bone devitalized matrix indicating that the data
remain controversial.

Taken together, the effects of NSAIDs on autograft and
allograft incorporation is controversial and has a wide range
of effects. COX-2 inhibition seems to have more deleteri-
ous effects on incorporation, as was reported in the case of
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fracture healing.!2.13.19.20 Since allo- and autografts rely on
osteoinductive and angiogenic activity to incorporate, we
theorized that they may potentially be sensitive to
NSAIDs.2030.60 Incorporation of OCA and OATS plugs is a
crucial factor for effective repair and its impairment is a
major source of graft failure.25.61.62 Therefore, further stud-
ies are needed to investigate the effect of NSAIDs on auto-
graft and allograft incorporation.

Summarizing the effect of NSAIDs on chondrocytes, it
appears that there is a likely effect on articular cartilage and
chondrocyte differentiation in the early phases of chondral
repair. This effect has not been proven in the human situa-
tion yet. Future RCTs investigating this effect could answer
this question; however, based on the basic science concerns
it is unlikely for such an RCT to be performed as the risk/
benefit profile appears prohibitive. On the other hand, it is
well established that NSAIDs interfere with the early phases
of bone healing and this is corroborated by the available
literature on graft incorporation that we reviewed. Even
though the effect and mechanism are not entirely clear there
is certainly enough clinical concern to avoid NSAID use
during the time of graft incorporation.

It may be prudent to avoid NSAIDs after cartilage repair;
however, there may be situations in which the use of
NSAIDs is necessary to allow for progression during reha-
bilitation that may affect the outcome of the procedure more
than a theoretical negative effect on chondrocyte prolifera-
tion (i.e., impending knee stiffness). In those case a careful
risk benefit analysis should include the potential gain of the
use of NSAIDs and the time from surgery. Use of NSAIDs
within the first 2 to 3 months after chondral repair should
likely be avoided; at later time points, the risk may be lower
based on the basic science studies reviewed.

While the demand for long-term randomized control
studies to investigate the effects of NSAIDs on cartilage
repair appears necessary, it may be difficult to rationalize
the use of NSAIDs at early time points. It may be more
promising to investigate other anti-inflammatory avenues
such as emerging orthobiologics (BMAC, PRP).

Limitations

A major limitation of this systematic review is the variabil-
ity of the included studies. Given the fact that out of the 18
included studies 4 in vitro, 13 animal and 1 human study
were reviewed, the accurate comparison of the studies was
difficult. Another limitation is that no quality assessment
was performed in the in vitro and human studies. However,
there is no accepted grading scale for the in vitro studies and
utilization of other quality assessment tool for only 1 human
study would not have yield valuable additional information.
Moreover, the considerable heterogeneity of the included
studies, such as the differences in NSAID type, dose, dura-
tion, and outcome assessment, and the only one human

study on the topic makes the interstudy comparison difficult
and hinders drawing additional convincing conclusions.

Although studies included in this review are variable in
terms of NSAID type, dose, and duration, and human stud-
ies are lacking, useful information can still be extracted
from the existing literature.

Conclusion

The present systematic review demonstrates no detrimental
effect of NSAIDs use on healthy mature chondrocytes;
however, there are possible deleterious effects of NSAIDs
on cartilage that is in the process of repair or cartilage repair
technology relying on chondrocyte biology. In addition,
these drugs seem to have an influence on graft incorpora-
tion and osteoconduction. We believe that at this point the
use of NSAIDs systemic or local immediately after carti-
lage repair procedures should be avoided unless a substan-
tial clinical benefit would otherwise be withheld from the
patient. More human studies are needed to analyze the
effect of NSAIDs on cartilage repair techniques.

Clinical Relevance

NSAIDs are widely used perioperatively before and after
orthopedic procedures. Repair of damaged cartilage is nec-
essary because if it is left untreated it progresses to osteoar-
thritis. However, to this date it is unclear what effects
NSAIDs have on the outcome of cartilage repair proce-
dures. The results of the cartilage repair can be influenced
by multiple factors and this review gives an insight into the
possible deleterious effect of NSAIDs on its success.
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