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Abstract: Tissue damage following injury triggers the processes of coagulation, inflammation 

and healing. In tissues surrounding the bone, the result of the healing process is a scar, while 

bone tissue has a unique ability to achieve shape, strength and pre-injury function. Bone heal-

ing is a process of regeneration rather than classic recovery. The result of this process is the 

formation of new, healthy bone tissue instead of a scar. Many factors can inhibit or impair the 

bone healing process, and their influence is critical during the stages of inflammation and angio-

genesis and finally on the clinical outcome. Nonsteroidal anti-inflammatory drugs (NSAIDs) 

play an essential role associated with their analgesic potency and anti-inflammatory effects. 

NSAIDs are also the most often used drugs in patients who require pain control and inflam-

mation reduction due to musculoskeletal diseases or injures. Although their analgesic effect is 

well documented, NSAIDs also interfere with bone healing; therefore, the relative benefits and 

disadvantages connected with their administration should be taken into consideration. Despite 

the negative effect, NSAIDs have beneficial properties, but their clinical benefits in relation to 

dose and time of use are still unclear. Therefore, in this review, we focus on bone healing with 

relation to the impact of NSAIDs.
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Introduction
Tissue damage following injury triggers the processes of coagulation, inflammation 

and healing. In tissues surrounding the bone, the result of the healing process is a scar, 

while bone tissue has a unique ability to achieve shape, strength and pre-injury func-

tion. Bone healing is a process of regeneration rather than classic recovery. The result 

of this process is the formation of a new, healthy bone tissue instead of a scar.

The course of bone healing includes bone formation, angiogenesis and soft tissue 

healing, and can be affected by many factors depending on the degree of disorders. 

Among these factors, non-steroidal anti-inflammatory drugs (NSAIDs) can inhibit or 

impair bone healing process because their influence is critical on the stages of heal-

ing including inflammation, coagulation and angiogenesis and finally on the clinical 

outcome. The mechanism of action of NSAIDs is associated with the inhibition of 

cyclooxygenase (COX) enzyme activity and prostanoid pathway which is responsible 

for the synthesis of prostanoids by biotransformation of arachidonic acid released from 

the phospholipids of cell membranes by phospholipase A2.

Two forms of COX enzyme are isolated: COX-1 and COX-2. COX-1 is expressed 

in most cells and takes part in the synthesis of prostaglandins under physiological 
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conditions. The synthesis of COX-2 is stimulated by an 

inflammatory state, and COX-2 induces the release of pros-

taglandins in response to inflammation. The inhibition of 

COX isoenzymes activity by NSAIDs leads to the decrease 

in prostanoids synthesis; among these prostanoids, prosta-

glandins play a crucial role in inflammatory response.

NSAIDs can be divided into three main groups: classic, 

selective and coxibs. The classic drugs have been tradition-

ally thought to act inhibiting the activity of both COX-1 

and COX-2 with near-equal potency in contrast to selective 

COX-2 inhibitors, which preferentially inhibit the activity 

of COX-2 while inhibiting COX-1 with less potency, and 

highly selective inhibitors of the COX-2 isoenzyme, coxibs. 

It is worth highlighting that the outcome of treatment with 

the inhibitors of COX isoenzymes also depends on the side 

effects connected with their administration.

NSAIDs play an essential role associated with their anal-

gesic potency and anti-inflammatory effects. NSAIDs are 

also the most often used drugs in patients who require pain 

control and inflammation reduction due to musculoskeletal 

diseases or injures. Although their analgesic effect is well 

documented, NSAIDs also interfere with bone healing; there-

fore, the relative benefits and disadvantages connected with 

their administration should be taken into consideration.

Bone response to trauma
Bone trauma triggers bone healing involving the processes of 

coagulation and inflammatory response. In tissues surround-

ing the bone, the result of healing process is a scar, while bone 

tissue has a unique ability to achieve shape, strength and pre-

injury function. Bone healing is the process of regeneration 

rather than classic recovery. The result of this process is the 

formation of a new, healthy tissue instead of a scar.

At the site of a bone injury, between the bone fragments, 

forms a hematoma in which the stages of coagulation, inflam-

matory response and healing take place. The early phase is 

characterized by the hematoma having high concentrations 

of mature granulocytes and monocytes/macrophages, as well 

as helper and cytotoxic lymphocytes. In addition, high levels 

of inflammatory and anti-inflammatory cytokines are found 

in the hematoma.1

A previous study showed that in the immediate postop-

erative period following alloplastic knee surgery, IL-6, TGF 

and IL-8 concentrations in blood drainage from the wound 

were several times higher than those in serum, which were 

determined at the same time, confirming the high intensity 

of the humoral response to injury.2 The cytokines present 

in the hematoma, as well as other growth factors, stimulate 

the differentiation of mesenchymal cells of the bone marrow 

toward the chondrogenic and osteogenic lines.

The next stage of the bone healing process is the forma-

tion of soft (young) and hard (calcareous) callus.

The quality and effectiveness of the body’s response 

to an injury depend on its general condition, which is an 

exponent of its defensive and regenerative abilities, as 

well as the type and size of the injury. Among the factors 

affecting bone healing, local and systemic factors such as 

the degree and extent of injury, cardiovascular disorders, 

age, gender, chronic diseases, nutritional status, stimulants 

and drugs used should be mentioned.3–5 For example, in the 

study of Jeffcoach et al, complications in the healing of long 

bone fractures occurred two to three times more frequently 

among smokers and patients taking NSAIDs than in the 

control group.6

Effects of NSAIDs on bone healing
Drugs are the most controllable factor because their impact 

on bone healing can be taken into account with respect to 

their choice and dosage. This especially applies to drugs 

administered due to an injury, such as analgesic drugs, 

among which the NSAIDs are at the forefront in terms of 

frequency of use. The benefits of using NSAIDs are primarily 

due to their analgesic efficacy and anti-inflammatory effect, 

which are especially important for patients with various 

forms of arthritis because these drugs reduce disease activity 

and improve their quality of life.7 Taking into account the 

pharmacodynamics of NSAIDs, it should be noted that they 

affect all stages of bone healing involving the bone and sur-

rounding tissues.

It is not surprising therefore that many publications 

present studies evaluating the effects of NSAIDs divided 

into three main groups: classic, selective and coxibs. Studies 

have been conducted on both human and animal materials, 

in vitro and in vivo. Indomethacin, piroxicam, naproxen and 

celecoxib were the drugs most commonly reported in studies. 

Based on the obtained results, most authors negatively 

assessed the effect of NSAIDs on bone healing. However, 

the presence of publications in which authors present posi-

tive aspects of using NSAIDs after bone injuries should be 

emphasized.

The negative effects of NSAIDs
The negative effect of NSAIDs seems to be mostly related 

to the COX-2 blockade, as indicated by the results of com-

parative studies in animals without the COX-1 gene in 

which no significant bone healing disturbances have been 
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demonstrated, whereas in animals with the COX-2 blockade, 

worse bone union has been reported. It is not entirely clear 

how COX-2 works, but the research of Simon et al has 

confirmed that COX-2 is necessary for mesenchymal cells 

to differentiate into osteoblasts during fracture healing.8 

Although taking into account the half-life of the investigated 

drugs, Aspenberg raised doubts about the validity of the 

interpretation described by Simon et al.9

This does not change the fact that other studies on COX-2 

expression have also confirmed the negative effect of cele-

coxib on the healing process by limiting osteogenesis.10–12 

In light of the presented facts, the effect of COX-2 inhibitors is 

of particular importance for healing disorders such as delayed 

union or nonunion. The results presented by Murnaghan et al 

also confirmed an inhibition of angiogenesis in the fracture 

gap due to NSAID administration. The authors suggested a 

connection between angiogenesis impairment and bone heal-

ing delay.13 In turn, Yoon et al demonstrated a decrease in the 

osteogenic potential of mesenchymal stem cells by high doses 

of COX-2 blockers in the presence of inflammation.14

Comparative studies on the effects of indomethacin, 

ketorolac, piroxicam, diclofenac and celecoxib on the prolif-

eration, toxicity and apoptosis of human osteoblasts in vitro 

showed that all of these drugs limited their proliferation by 

inhibiting the transition from G0 phase to G1, that is, from 

rest to metabolic activity, while only celecoxib induced cell 

apoptosis. Since the supply of prostaglandins did not reverse 

the described changes in the osteoblast culture and, at the 

same time, changes in mRNA and in the expression of p27 

(kip1) and cyclin D2 and p-cdk2 proteins in osteoblasts have 

been reported, the authors have concluded that NSAIDs have 

other mechanisms of action.15

This is confirmed by Nagano et al,16 based on the example 

of celecoxib, which, in addition to the COX-2 blockade, 

also inhibits the genes produced by the transcriptional 

Wnt/-catenin canon signaling pathway. The Wnt/β-catenin 

signaling pathway plays a key role in the differentiation 

and proliferation of osteoblast precursor cells by blocking 

osteoclastogenesis.16

Retrospective studies in large patient groups have con-

firmed that long-term use of aspirin and NSAIDs doubles 

the risk of healing disorders. It is worth emphasizing that 

short treatment (up to 7 days) delayed healing while pro-

longed treatment resulted in nonunion.17 Healing disorders 

and increased risk of nonunion or delayed union after 

treatment with both COX-1 and COX-2 inhibitors have 

also been reported in the observations of Burd et al and 

Giannoudis et al, based on retrospective studies of patients 

after injury.18,19 Similar conclusions regarding the NSAID 

treatment of patients after surgery were presented by Sagi 

et al, who proposed to reduce the use of NSAIDs to no more 

than 1 week, confirming the relationship between the duration 

of the treatment and nonunion. According to the authors, 

it would reduce the risk of heterotopic ossification without 

deterioration in healing.20

More restrictive recommendations were presented by 

Marquez-Lara et al, who suggested the replacement of 

NSAIDs by opioids in analgesic treatment.21 Although 

it should be emphasized that the influence of opioids on 

fracture healing is still uncertain, a few publications have 

shown a relationship between higher risk of fracture nonunion 

or reduced bone mineral density and opioid treatment.22,23

For example, Chrastil et al23 found a decrease in cal-

lus strength in morphine-treated animals compared with 

control, saline-treated group. Their study identified that 

morphine treatment impairs fracture healing and in conse-

quence leads to weaker callus. These observations can cause 

a change in opinion about morphine safety in orthopedic 

population. In contrast to the study of Chrastil et al, Janas and 

Folwarczna showed the beneficial effect of opioid analgesics 

on the skeletal system, especially in animals with estrogen 

deficiency.24

The effect of NSAIDs on adipogenesis, at the expense of 

osteogenesis inhibition, was described by Kellinsalmi et al, 

who evaluated the effect of indomethacin and parecoxib 

on human osteoblast and osteoclast activity in vitro.25 The 

results confirmed the inhibition of differentiation of both cell 

lines by 90% and the increase in the number of adipocytes 

in the presence of indomethacin and parecoxib compared to 

the control group.

A positive aspect of the action of the NSAIDs is the stimu-

lation of collagen synthesis, which, as should be expected, 

could improve healing in the tissues surrounding the fracture. 

In turn, the study by Hadjicharalambous et al confirmed the 

stimulating effect of NSAIDs on the stem cells derived from 

adipose tissue, in their differentiation toward the osteogenic 

line. According to the researchers, meloxicam and parecoxib 

showed the most beneficial effect.26

The positive effects of NSAIDs
The beneficial effects of NSAIDs use are not limited to 

analgesic and anti-inflammatory ones. Inhibition of pros-

taglandin synthesis may also contribute to the limitation of 

pathological bone growth and the formation of heterotopic 

ossification, which may be of particular importance after 

hip surgery.27,28
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Huub et al have shown a comparable effect of an NSAID 

(indomethacin and rofecoxib) on the restriction of hetero-

topic ossification after alloplastic hip surgery.29 Likewise, 

other authors have shown similar effects in the prevention 

of heterotopic ossification with diclofenac.30,31

In turn, Driban et al have presented the results of their 

research indicating an attenuation of inflammation and early 

articular cartilage degeneration of hand joints in ibuprofen-

treated rats. The obtained results have also confirmed a 

reduction of IL-1 and IL-6 concentrations during ibuprofen 

administration.32

The reduction of cytokine concentration during ibuprofen 

treatment has been shown by Jain et al, who focused their 

study on the impact of ibuprofen on trabecular structure in 

forearm bones of rats.33 According to the obtained results, 

ibuprofen treatment was able to improve trabecular bone 

quality by reducing osteoclasts and bone inflammatory 

cytokines (IL-1β and TNF-α). The presented evidence can 

confirm that systemic treatment with ibuprofen contributes 

to the reduction of inflammation and bone catabolism, which 

in turn may aid bone healing.

NSAIDs and angiogenesis
Another point of action of NSAIDs is their effect on angio-

genesis. Angiogenesis is crucial for both the preservation 

of bone tissue homeostasis and the response to injury. 

Angiogenic factors are synthesized both in endothelial 

cells and in bone tissue cells, so inhibiting their synthesis 

and release may contribute to slowing down the healing 

process.34 Animal studies have confirmed that the tempo-

rary inhibition of VEGFR-1 and VEGFR-2 expression by 

meloxicam correlated with the time of its administration, 

but no difference was found in VEGF expression compared 

to the control group.35

VEGF is one of the most important growth factors in 

angiogenesis, so the effect on its expression may interfere 

with the development of the vessel between the fracture 

gaps and thus delay union. Restriction of VEGF expression 

disrupts communication between vessels and osteoblasts, 

which are the main source of VEGF.36,37

The effect of NSAIDs on angiogenesis is ambiguous. 

For example, Lu et al38 demonstrated a positive effect of 

NSAIDs on vascular density in the fracture gap compared 

to the control group. The study also showed bone healing 

disorders in the form of osteo- and chondrogenesis inhibition. 

Anti-inflammatory activity of NSAIDs has been shown to 

decrease IL-1 levels, but no effect of NSAIDs on macrophage 

and neutrophil migration has been demonstrated.38

NSAIDs and tendon healing
Contrary to the effects on bone, NSAIDs seem to have a 

positive effect on soft tissue healing by stimulating collagen 

synthesis, which is also reflected in improved endurance of 

the stiffened tendons. However, the presented opinions are 

not consistent because, contrary to appearances, celecoxib 

and indomethacin have been shown to inhibit enthesis 

healing and weaken the endurance of the Achilles tendon 

in tested animals.

Similar results have been reported by other authors con-

firming the harmful effects of NSAIDs on the biomechanical 

properties of damaged tendons, which were related to dete-

rioration in their healing,39 and even, according to Ferry et al, 

with a reduction in collagen content, although these authors 

did not confirm the negative effects of ibuprofen.40

The difficulty in obtaining a clear opinion is indicated by 

the results of Schwarting et al. Based on an in vitro model, the 

authors confirmed the negative effect of NSAIDs (ibuprofen, 

parecoxib) on bone union, whereas in the case of tendons 

they did not achieve an unequivocal answer, indicating the 

need for further studies.41

The inhibition of migration and proliferation of tendon 

cells by NSAIDs has been demonstrated by Tsai et al, who 

did not confirm the effects of COX-2 (celecoxib) inhibitors 

on the expression of collagen I and II.42,43 Indomethacin has 

been shown to have negative effects on the proliferation of 

human tenocyte cultures.44

In animals treated with indomethacin or parecoxib, the 

quality of the Achilles tendon was lower in terms of tensile 

strength compared to the control group.45 The effect of the 

duration of NSAIDs use on healing of tendons has also 

been confirmed; according to Connizzo et al, the use of 

indomethacin for the first 7 days after surgery contributed 

to the deterioration of healing while later treatment was 

irrelevant.46

Interesting results were presented by Oak et al for the 

simultaneous inhibition of 5-lipoxygenase (5-LOX) and COX 

pathways. Similar to COX pathway, arachidonic acid is also 

the substrate for 5-LOX pathway. Unlike the COX pathway, 

in the 5-LOX enzyme pathway, leukotrienes are produced 

which also contribute to the inflammatory response. Based 

on the results obtained, the authors have concluded that 

simultaneous inhibition of the COX and 5-LOX pathways 

contributed to the improvement in posttraumatic tendon 

regeneration.47

While the use of NSAIDs after injury in the context of 

tendon healing is controversial, and should rather be avoided 

in the immediate posttraumatic period, long-term treatment 
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with NSAIDs did not affect the elasticity and strength of the 

tendons as assessed by their response to effort.48

Conclusion
This review showed not only negative but also slightly 

positive effects of NSAIDs on the healing process of bone 

and surrounding tissues. So the question remains, why is the 

use of NSAIDs so persistently popular, despite the defects 

described above. The answer seems to be their popularity 

enhanced by advertising, their undoubted analgesic efficacy 

(without the scary symptoms accompanying the use of 

opioids) and partial lack of translation of the reported results 

into the occurrence of symptoms over a period which could 

be associated with NSAID use. For instance, the loosening 

of prostheses has been confirmed in patients taking NSAIDs, 

but it does not affect all of them and it happens over such 

a long time that it is difficult to convince the patients and 

medical staff that it is a plausible correlation between the 

complications and NSAID therapy. Therefore, it seems rea-

sonable, and realistic proposal would be to recommend limit-

ing the use of NSAIDs at the time of their greatest negative 

impact, that is, the first few days after the injury.
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