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INTRODUCTION
Among the several roles played by prostaglandins, the local 
control of bone metabolism can be described. Therefore, it is 
expected that the long-term use of non-steroidal anti-inflam-
matory drugs (NSAIDs), which inhibit prostaglandins synthe-
sis, interferes on a normal bone�s structure and function, as 
well as on the development of some bone pathologies. In this 
literature review, experimental and clinical studies conducted 
in the last 15 years addressing the effects of conventional 
and cycloxygenase-2 enzyme (COX-2) selective NSAIDs on 
reparative bone formation are listed. As a supplementary 
explanation, data on the different COX isoforms involved on 
prostaglandins formation and on the role of prostaglandins on 
the control of normal bone metabolism have been provided. 
All the studies listed on references section resulted from a 
search on  PubMed (US National Library of Medicine).

Prostaglandins, cyclooxygenase enzymes and 
NSAIDs
Eicosanoids are formed as a response to various stimuli 
that are able to activate phospholipase A2 enzyme, which 
hydrolyzes phospholipids of cell membranes releasing ara-
chidonic acid into the cytoplasm, which will, in turn, serve as 
a byproduct to two different enzymatic paths, the COX path 
� ultimately leading to thromboxanes and prostaglandins 
formation, and the lipooxygenase path � leading to the for-
mation of leukotrienes and other compounds. The so-called 
constitutive prostaglandins are usually expressed in a variety 
of tissues and organs, with well-known physiological activi-
ties: digestive mucosa protection, renal blood flow control 
and homeostasis, among others. U]The so-called inductive 
prostaglandins are mainly expressed as a response to inflam-
matory stimuli and contribute to the development of edema, 
hyperalgesia and fever(1). In the early 1990�s, the existence of 
tow COX enzyme isoforms was evidenced, both with similar 
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structures and essentially catalyzing the same reaction. It 
was then assumed that the COX-1 isoform catalyzed the 
inductive prostaglandins synthesis. More recently, however, 
the inexistence of such a precise division of activities of 
both isoforms has been proven, meaning that the COX-1 
enzyme seems to play a significant role on inflammation as 
well, especially on hyperalgesia, and the COX-2 enzyme is 
constitutively expressed in many organs, being an important 
mediator of renal, reproductive and nervous functions, also 
contributing to the protection of digestive mucosa cells and 
to homeostasis control(2).
The involvement of prostaglandins in a large number of hu-
man pathologies was the driver for NSAIDs development and 
accounts for the fact of these drugs being included among 
the most frequently prescribed agents worldwide. NSAIDs 
can be indicated in a number of conditions, including fever 
and pain control, both for treating postoperative and post-
trauma acute pain and for relief in cases of chronic pain 
associated to musculoskeletal disorders, to osteoarthritis and 
to rheumatoid arthritis. In the 1960�s and 1970�s, a number of 
anti-inflammatory and analgesic drugs were made available 
to market. Those conventional NSAIDs, however, present, in 
addition to their therapeutic actions, some undesirable side 
effects, especially for digestive tract and kidneys. Today, 
NSAIDs therapeutic action is known to be especially due 
to COX-2 enzyme inhibition, while undesirable effects are 
especially due to COX-1 inhibition(3, 4).
With the discovery of the type 2 of COX, in 1991, pharmaceu-
tical industry started to massively invest in the development 
of COX-2-selective NSAIDs, pursuing a powerful therapeutic 
action but without the undesired side effects. These drugs 
� known as coxibs � were first introduced to the market in 
1999(5), providing an effective anti-inflammatory action and 
significantly lower risks of gastrointestinal toxicity as com-
pared to conventional NSAIDs, promising a solution for the 
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drugs (NSAIDs) on bone healing were reported. Most of the 
data pertaining to conventional NSAIDs have shown to cause 
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animal studies, as well as a negative interference on spinal 
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COX-2 stimulation, in controlling bone formation, the results 
regarding the potential inhibitory effects of selective NSAIDs 
on experimental bone healing are still controversial and there 
is no clinical data to confirm that they interfere negatively with 
repairing bone formation.
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morbidity associated to the long-term use of anti-inflamma-
tory agents. More recently, the long-term use of selective 
cox-2 inhibitors have been emerging also as a preventive 
and therapeutic alternative for some non-inflammatory di-
seases that result in  increased COX-2 expression, as seen 
in some kinds of cancer, notably those of epithelial source, 
and in Alzheimer�s disease(2). Nevertheless, the long-term 
use of some of these selective NSAIDs has been shown to 
be deleterious to renal function and homeostasis, offering 
an increased risk of thrombosis and infarction(5). Therefore, 
rofecoxib (Vioxx®) was recalled in September 2004 and val-
decoxib (Bextra®) in April 2005. Only celecoxib ,(Celebra®, 
Pfizer) remains available in market, but with a black-strip 
package, as well as a second-generation coxibs such as 
etoricoxib (Arcoxia®, Merck) and parecoxib (Dynastal®, Pfizer 
� a veldecoxib pro-drug), marketed in the United States and 
in 45 other countries, and  lumiracoxib (Prexige®, Novartis), 
approved for use in the United Kingdom(5).
 
Prostaglandins and Bone Tissue 
Bone modeling, remodeling and repair are controlled by hor-
mones and local factors that must act in accurate strengths, 
simultaneously or sequentially, establishing synergic or an-
tagonic interactions in order to assure a full and appropriate 
cell function, accountable for matrix formation and absorp-
tion in a speed and duration required for a normal bone 
tissue. The skull is an abundant source of prostaglandins, 
which are important local regulators of bone metabolism, 
sometimes with stimulatory effects, sometimes inhibitive, 
playing critical roles both for its physiology and for some 
pathological changes. 
Prostaglandins, especially PGE2, are produced by osteo-
blasts under a permanent COX-2 stimulus, of which expres-
sion is regulated by hormones, cytokines and growth factors 
that control bone remodeling. A major physiological function 
of prostaglandins on bone tissue is to mediate its increa-
sed formation as a response to mechanical stimuli, both in 
animals and human beings. Exogenous PGE2 is known to 
strongly increase bone formation in experimental animals, 
and this anabolic effect can be mimicked by applying me-
chanical stimuli on bone surface, a condition also stimulating 
PGE2 production in human beings. Furthermore, in several 
experimental models, NSAIDs have been proven to delay 
bone injuries and fractures repair, which evidences the role 
of prostaglandins on reparative bone formation(3, 4, 6). 
In some circumstances, notably those of pathological nature, 
prostaglandins (especially PGE2) can stimulate bone absorp-
tion increasing the amount and functional activity of osteo-
clasts. Many bone absorption factors are known to stimulate 
prostaglandins production by inducing COX-2 enzyme. In 
situations like those, gene blockage to COX-2 results in da-
maged osteoclastogenesis. Bone absorption stimulation by 
prostaglandins plays a potential role on bone loss occurring 
in inflammatory diseases (arthritis and periodontal diseases), 
on bone response to long-term immobilization, and possibly 
on estrogen deficiency, the key pathogenic mechanism for 
osteoporosis(6).

NSAIDs and Bone Repair
Apparently, the use of NSAIDs, yet for long periods, is rarely 
associated to adverse effects on normal bone metabolism. 
Furthermore, clinical observations suggest the therapeutic use 
of NSAIDs for preventing bone loss and treating osteoporosis 
in elderly women(1, 6). Additionally, beneficial effects of NSAIDs 

have been evidenced, halting heterotopic ossification (7, 8). The 
potential deleterious effects of these drugs on bone repair, 
however, has been targeted in several investigations, with 
results still controversial.  

Conventional NSAIDs: experimental and clinical studies 
Indomethacin has been used as a standard for non-selective 
NSAID and as a positive control in studies testing the activity 
of new drugs in this class. The majority of the studies show 
that its long-term use delays long bones repair process and 
spinal fusion in experimental animals(9, 10, 11, 12, 13). An excep-
tion to this is a recent study(14) where neither indomethacin 
nor other selective and non-selective NSAIDs (ibuprofen, 
ketorolac, rofecoxib and celecoxib) significantly interfered on 
tibial repair of mice. The authors discuss that the selection of 
the dosages of the different NSAIDs was based on literature 
and pharmacological data, targeting doses corresponding 
to the ones used for clinical treatment in human beings, and 
justify their negative results for having used young animals, 
while literature points out to a delayed repair in more mature 
animals. It is worthy to highlight, however, that in that expe-
riment, drugs were incorporated to meals, and no data was 
available regarding individual intake rates during the experi-
mental period. The other conventional NSAIDs (diclofenac, 
ibuprofen, naproxen, ketorolac) have been shown to be able 
to affect reparative bone neoformation, inhibiting long-bones 
fracture repair and spinal fusion in most of the experimental 
studies(9, 15, 16, 17, 18).
Regarding clinical studies, yet many of these are retrospecti-
ve and other uncontrolled factors may be interfering on repair 
process(18), literature suggests, with rare exceptions(19), that 
conventional NSAIDs can negatively interfere on spinal fu-
sion rate(20, 21, 22, 23, 24), additionally to be effective in preventing 
heterotopic ossification(8). 
Nevertheless, three letters to the editor published on the Bri-
tish Medical Journal in late 1990�s illustrate the controversy 
around this topic. Varghese and cols.(25) stressed that, althou-
gh pre-clinical studies show deleterious effects of NSAIDs 
on fractures repair and spinal fusion, those drugs are still 
widely employed in clinical orthopaedics for postoperative 
pain relief. The authors mention the high rate of patients 
submitted to hip prosthesis placement and using NSAIDs for 
long periods, and recommend that, should these drugs must 
be used, this should be done at the lowest possible dosage 
and for the shortest possible time. As a response, Stone and 
Richards(26) admit that many, but not all animal studies sho-
wed deleterious effects of NSAIDs on bone repair, and report 
that they are aware of only two studies with human beings, 
one of these corroborating and the other denying NSAIDs 
adverse effects on bone repair. The authors warned about the 
need to control postoperative pain and recommended that, 
in the absence of conclusive clinical experiments, the use 
of NSAIDs should not be suspended, although care should 
be taken in cases of proven risk of non-union. Subsequently, 
Godden(27) strongly contradicted the suggestion by Stone 
and Richards(26) that further clinical studies are required on 
this topic, stating that journals focusing maxillofacial surgery 
have published a number of studies addressing the use of 
NSAIDs for pain relief associated to third molar extraction and 
that, although not making reference to studies specifically 
addressing bone repair, the authors would be obliged to re-
port any adverse effects, with no reported cases of delayed 
repair. The author, in a reference to the letter by Varghese 
and cols.(25), said that the results achieved on rodents should 
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not be extended to clinical environment, and discouraged 
further clinical studies on this topic, for being unnecessary 
and ethically questionable.  

Selective COX-2 NSAIDs: experimental and clinical 
studies 
The number of experimental results concerning the effects 
of selective COX-2 NSAIDs on bone repair is quite smaller, 
recent (from 2002 on) and also controversial. In addition to the 
evidences showing that rofecoxib, celecoxib and parecoxib 
inhibit long bones repair in rats and rabbits(12, 17, 18, 28), there 
are some reports stating that rofecoxib and celecoxib do not 
interfere on long bones� fracture repair and on spinal fusion 
rates in these species (11, 13, 14). Analyzing experimental details, 
it is not possible to explain these controversies by differences 
between dosages, forms and time of administration of drugs, 
by differences between animal species, kind of bone and 
method of reparative bone tissue assessment. 
Some authors suggest that the key factors interfering on re-
sults achieved with selective NSAIDs are dose and treatment 
period(14), as well as intra- and inter-species differences 
regarding sensitivity to drugs, potential local and systemic 
compensatory factors, interference of parameters such 
as age, bone remodeling pace, and associated diseases, 
and also these drugs� pharmacokinetics in rodents versus 
human beings(1). 
Criticisms to experimental models showing the deleterious 
effects by the use of selective NSAIDs on reparative bone 
formation include the need of further information about 
pharmacological dosages for comparing them with human-
intended therapies, and also the use of apparently too high 
doses and for a very long term, considering its clinical use 
for intraoperative acute pain control(4,18,29). Nevertheless, 
one should keep in mind the long-term use of these drugs 

for controlling chronic pain associated to musculoskeletal 
disorders, osteoarthritis and rheumatoid arthritis, common 
conditions in clinical medical practice(4, 18). 
Another experimental model that seeks to clarify the importance 
of COX-1 and COX-2 enzymes for reparative bone formation 
refers to the use of knockout mice for correspondent genes. By 
comparing X-ray images for bone repair in wild and knockout 
mice, a significant delay on bony callus formation was shown for 
COX-2 knockout animals, but not for COX-1(30). The validation of 
this experimental model, however, was also questioned, once 
the gene absence for COX-2 causes severe renal dysfunction 
in mice, and this pathology could cause biased results(18).
Although controversial, the question raised from pre-clinical 
experimental results is whether patients requiring reparative 
bone formation, including fracture repair, spinal fusion, and 
orthopaedic implants union conditions could be safely tre-
ated with selective COX-2 NSAIDs or not(4, 29). Despite being 
rare, as far as we could check, there is no evidence proving 
that these drugs interfere on reparative bone neoformation 
in human beings(24, 31), differently from what is seen for con-
ventional NSAIDs.  

CONCLUSION
The majority of studies described in literature show that con-
ventional NSAIDs can delay long-bones fracture repair and 
spinal fusion in experimental animals, and negatively interfere 
on spinal fusion rate in human beings. Despite of the proven 
importance of prostaglandin  E2 synthesized by osteoblasts 
under COX-2 stimulation for bone formation, experimental 
results concerning the potential inhibitory effects of selective 
NSAIDs on bone repair are both rare and still controversial, 
and there is no evidence that they interfere on reparative bone 
neoformation in human beings.
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