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Abstract Nonsteroidal antiinflammatory drugs (NSAIDs)

are used to reduce inflammatory response and pain. These

drugs have been reported to impair bone metabolism.

Parecoxib, a specific COX-2 inhibitor, exerts an inhibitory

effect on the mineralization of fracture callus after a tibial

fracture in rats. Decreased bone mineral density (BMD) at

a fracture site may indicate impairment of early healing,

casting doubt on the safety of using COX-2 inhibitors

during the early treatment of diaphyseal fractures. Forty-

two female Wistar rats were randomly allocated to three

groups. They were given parecoxib, indomethacin, or sal-

ine intraperitoneally for 7 days after being subjected to a

closed tibial fracture stabilized with an intramedullary nail.

Two and 3 weeks after surgery, the bone density at the

fracture site was measured using dual energy xray

absorptiometry (DEXA). Three weeks after the operation

the rats were euthanized and the healing fractures were

mechanically tested in three-point cantilever bending.

Parecoxib decreased BMD at the fracture site for 3 weeks

after fracture, indomethacin for 2 weeks. Both parecoxib

and indomethacin reduced the ultimate bending moment

and the bending stiffness of the healing fractures after

3 weeks. These results suggest COX inhibitors should be

avoided in the early phase after fractures.

Introduction

Since the mid 1970s the effects of conventional non-

steroidal antiinflammatory drugs (NSAIDs), general

cyclooxygenase (COX) inhibitors, on bone metabolism and

fracture healing have been studied. These drugs inhibit

disordered osteoclast activity, retard woven-fibered bone

tissue formation, and impair fracture healing [1, 2, 23, 34,

37, 52, 54, 62, 63]. COX inhibitors are, however, very

efficient drugs in the treatment of postoperative inflam-

mation and pain in orthopaedic trauma and surgery. Several

studies have proven their superior effects compared to

other analgesics like acetaminophen, codeine, and opioids

[10, 11, 25, 44, 48]. It has been demonstrated that the

analgesic and antiinflammatory effects of conventional

COX inhibitors are attributed to the inhibition of COX-2,

which is the COX isoform involved in the induction of pain

and inflammation [18, 57].

In the management of perioperative pain, the newer

selective COX-2 inhibitors have lately been introduced

with potential advantages. In contrast to the conventional

COX inhibitors, selective COX-2 inhibitors do not impair

platelet function. It is COX-1 that mediates platelet acti-

vation and aggregation by the generation of thromboxane

A2 [26]. Due to this, COX-2 inhibitors may be safer con-

cerning perioperative bleeding [7, 31, 40, 41, 68]. COX-2

inhibitors can therefore be given preoperatively, and it has
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been shown that COX-2 inhibition effectively reduce

postoperative pain [14, 27].

The effects of COX-2 inhibitors on bone metabolism

and fracture healing have not been adequately elucidated,

but it has been demonstrated that COX-2 is required for

both intramembranous and endochondral bone formation

[69], and COX-2 function is essential for fracture healing

[59]. A recent study also demonstrated that the lack of

COX-2 caused a detrimental effect on bone graft healing

(Unpublished data; Xie C, Schwarts EM, Guldberg RE,

O’Keefe RJ, Zhang X. COX-2 deficient microenvironment

impairs periosteal progenitor cell activation and differen-

tiation in cortical bone grafting. 53rd Annual Meeting of

the Orthopaedic Research Society 2007; Poster no 0416).

Several studies indicate that COX-2 inhibitors may delay

fracture healing [6, 21, 22, 28, 30, 60], and concerns have

been raised using COX inhibitors in orthopaedic fracture

treatment due to these possible negative effects [3, 5, 12,

19].

In an earlier study we demonstrated that parecoxib given

perioperatively for 1 week in doses analogous to those used

in humans reduced the bone mineral density (BMD) at the

fracture site in rats [16]. The difference in BMD between

the animals given parecoxib and placebo, however,

decreased with time and the mechanical strength after

6 weeks was not substantially reduced among the parec-

oxib animals. Parecoxib is a selective and potent inhibitor

of COX-2 [65] for parenteral use. Due to this and the lack

of antiplatelet effects, parecoxib has the potential to

become the antiinflammatory drug of choice for parenteral

treatment of postoperative pain in the future [39, 55, 61].

The conventional COX inhibitor indomethacin has a much

higher potency against COX-1 than COX-2 [67], and is

proven to delay fracture healing [54, 59, 63].

The present study was designed to investigate if parec-

oxib delays early fracture healing and to compare its effects

with indomethacin. We asked whether (1) parecoxib and

indomethacin reduce BMD at the fracture site in healing

fractures and (2) parecoxib and indomethacin have nega-

tive effects on the mechanical properties of healing

fractures in the early fracture healing process.

Materials and Methods

A total of 42 female Wistar rats (Harland, Horst, Nether-

lands) with mean weight of 226.5 g were randomly

allocated into three groups; one parecoxib group, one

indomethacin group, and one placebo group of 14 animals

each. The animals were kept in pairs in wire-topped plastic

cages with free access to tap water and standard laboratory

rodent chow (with 1.1% calcium, 0.8% phosphorus, and

1500 IU/kg vitamin D3) in a 12-hour light and 12-hour

dark cycle. For surgery and bone density measurements,

the animals were anesthetized with a combination of

Hypnorm (fluanisone 5 mg/mL, fentanyl citrate 0.1575

mg/mL, Jansen Pharmaceutica BV, Beerse, Belgium) and

Dormicum (midazolam 2.5 mg/mL, Hoffmann La Roche,

Basel, Switzerland) administered subcutaneously in a dose

of 0.2 mL/100 g body weight for surgery and 0.15 mL/

100 g body weight for bone density measurements. Tem-

gesic (buprenorphin 0.3 mg/mL, Schering-Plough,

Kenilworth, NJ), 0.005 mg/100 g body weight was given

subcutaneously immediately after surgery and on the first

2 days after operations. The experiments conformed to the

Norwegian Council of Animal Research Code for the Care

and Use of Animals for Experimental Purposes.

Surgery was performed in an operation theatre inside the

animal laboratory after shaving and aseptic wash. An

incision was made aligned with the patellar tendon of the

right tibia of anesthetized animals. An 18-G cannula (BD

venflon Pro 18 GA 1.26 IN [1.3 9 32 mm]) was inserted

into the medullary canal through the anterior tibial plateau

just medial to the patellar tendon in front of the cruciate

ligaments. A 19-G cannula (Braun Sterican 19 G/1.5 IN

[1.20 9 40 mm]) and the stylet of a 22-G spinal cannula

(Braun Spinocan 22 G 9 3 1
.
2 IN [0.73 9 88 mm]) were

then inserted into the largest cannula and the stylet

advanced down through the canal towards the ankle joint.

The outer two cannulae were advanced as far distally as

possible by combined axial pressure and rotation, and then

withdrawn to the proximal part of the tibia. With the stylet

remaining inside, the tibia was subjected to a standardized

closed midshaft fracture using a specially designed fracture

forceps [20]. The two cannulae were readvanced distally

over the stylet past the fracture into the distal tibial

metaphysis. Comparing the alignment of the foot and the

thigh confirmed correct rotation. The nail was cut flush

with the tibial plateau and the skin closed with one suture.

All fractures were stable at the end of the operation

(Fig. 1).

All animals in the parecoxib group were given Dynastat

(parecoxib, Pfizer, Pharmacia Europe EEIG, Kent, Great

Britain) 0.05 mg/100 g body weight intraperitoneally in

the morning and the evening for 7 days, the first injection

immediately before surgery. The animals in the indo-

methacin group were given Confortid (indomethacin,

Dumex-Alpharma A/S, Copenhagen, Denmark) 0.0625 mg/

100 g body weight and the animals in the placebo group

were given a corresponding volume of saline intraperito-

neally at the same time points. The doses for parecoxib and

indomethacin were equivalent with doses recommended

for human use and proved to be adequate in earlier studies

[16, 17].

Two and 3 weeks after surgery the bone density at the

fracture site was measured in anesthetized animals using
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dual energy xray absorptiometry (DEXA) with a bone

densitometer designed for measurements on small animals,

Lunar PIXIMUS (Lunar, Madison, WI). The smallest

possible quadratic area of measurement with the PIXIMUS

software, 11 9 11 pixels, was placed aligned with the tibia

over the fracture including the cortical bone on the medial

side, the callus and the nail. The procedure was performed

twice, and the mean BMD value was calculated. The nail

was measured alone, and its constant value was subtracted

from the calculated BMD values to find the real BMD at

the fracture site.

All 42 animals were euthanized by a pentobarbital

(pentobarbitalnatrium vet, 100 mg/mL, Norsk Medicinal-

depot) overdose. Both tibias were resected, with care taken

to leave the periosteum over the fracture. No animals or

tibias were excluded. The bones were frozen wet in Ringer-

acetate solution (Fresenius Kabi, Oslo, Norway) at �20�C

until additional processing [43].

For mechanical testing the tibias were thawed in Ringer-

acetate solution. Each fractured tibia was then loaded until

fracture in an MTS machine (Model 858 Minin Bionix with

Test Star II controller, MTS Systems, Corporation Eden

Prairie, MN) in a three-point ventral cantilever bending at a

rate of 7.2�/s with the fulcrum placed over the fracture

callus. The corresponding left tibia was fractured at the

same level in the same manner. The ultimate bending

moment, ultimate energy absorption, bending stiffness, and

deflection were registered in TestStar II software (MTS

Systems) and then calculated in Microsoft Excel software

(Microsoft Corporation, Redmond, WA). Nonunions were

given nil values for moment, energy, and stiffness, and

86.4� for deflection (maximal bending when the test was

terminated after 12 seconds). The ultimate bending

moment and BMD at the fracture site were chosen as the

primary outcome variables.

Statistical analyses were made in SPSS 16 for Mac

(SPSS Inc., Chicago, IL). Results are given as mean values,

and dispersion by one standard deviation (SD) and 95%

confidence intervals. The groups were compared using

analysis of variance (ANOVA) and Scheffe’s post hoc test

(p \ 0.05).

Results

We found an overall difference in bone density at the

fracture sites between the groups (ANOVA) after both

2 weeks (p = 0.002) and 3 weeks (p = 0.043). BMD at

the fracture site was 30% lower in the parecoxib group

compared to the placebo group after 2 weeks (p = 0.004)

and 24% lower after 3 weeks (p = 0.043), both significant

differences using Scheffe’s post hoc test. BMD in the

indomethacin group was 22% lower after 2 weeks

(p = 0.021) and 14% lower after 3 weeks (p = 0.46)

compared to the placebo group, a significant difference

Fig. 1 The tibial fracture was stabilized with an intramedullary nail

consisting of two cannulae and one stylet.

Table 1. Bone mineral density (BMD) at the fracture site after 2 and 3 weeks

Time elapsed Parecoxib

(mean) n = 14

Indomethacin

(mean) n = 14

Placebo

(mean)

n = 14

Mean difference

placebo versus parecoxib

(post hoc)

Mean difference

placebo versus indomethacin

(post hoc)

2 weeks (g/cm2) 0.19 (SD 0.05) 0.21 (SD 0.05) 0.27 (SD 0.08) 0.08 (CI 0.022–0.134)

p = 0.004

0.06 (CI 0.084–0.120)

p = 0.021

3 weeks (g/cm2) 0.22 (SD 0.08) 0.25 (SD 0.07) 0.29 (SD 0.08) 0.07 (CI 0.002–0.147)

p = 0.043

0.04 (CI 0.033–0.112)

p = 0.46

Groups compared using ANOVA and Scheffe’s post hoc test. Level of significance set at p \ 0.05. Results are given as mean values, one

standard deviation (SD) and 95% confidence interval of mean difference (CI).
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after 2 weeks. The differences were larger after 2 weeks

compared to 3 weeks (Table 1).

Ultimate bending moment (p = 0.007) and stiffness

(p = 0.003) were substantially reduced between the groups

after 3 weeks (ANOVA). There were no differences in

energy absorption (p = 0.36) and deflection (p = 0.055).

Calculations of the bending moment needed for fracturing

the tibias in this model, given by a mean ratio between the

fractured right tibia and the intact left tibia showed over

60% reduction between the placebo group and the parec-

oxib group (p = 0.02) and the indomethacin group

(p = 0.02) respectively (Scheffe’s post hoc test). Corre-

spondingly, the stiffness was reduced over 80% for the

parecoxib group (p = 0.01) and just below 80% for the

indomethacin group (p = 0.01). The total energy in both

intervention groups was reduced and the deflection was

increased (Table 2). There was one nonunion in both the

parecoxib group and the indomethacin group, and none in

the placebo group.

Discussion

Using a rat tibial fracture model, we have demonstrated

that parecoxib given perioperatively for 1 week reduced

the mechanical strength and BMD after 3 weeks. Accord-

ingly, the mechanical strength in animals given indometha-

cin was reduced after 3 weeks, and BMD was reduced for

2 weeks.

A limitation of the present study might be the use of

three-point cantilever bending test due to concerns related

to possible deformation of the soft callus from the fulcrum.

However, when doing the testing, the distal tibia is fixed,

and the proximal fragment is bent in an anterior direction,

the fulcrum is not moving or sagging into the callus. Three-

point cantilever bending test gives standardized fractures

and reliable results. Another limitation with our method

concerning the BMD measurements was that we had to

include the intramedullary nail. Due to this, the registered

BMD values were artificially high. However, by subtract-

ing the constant nail value, the real differences in frac-

ture callus BMD between the groups could be reliably

calculated.

We previously demonstrated that parecoxib exerted an

inhibitory effect on the mineralization of fracture callus

[16]. These findings were confirmed in the present study;

parecoxib had an inhibitory effect on the mineralization in

the fracture callus. We also found that indomethacin

reduced BMD at the fracture site, but to a lesser degree.

Our findings correspond with Beck’s rat study (2003)

where BMD in the healing area of a tibial osteotomy after

3 weeks was lower in animals given diclofenac, a con-

ventional COX inhibitor, compared with animals given

tramadol and placebo. In contrast to their study, where

BMD was calculated from computer tomography per-

formed after euthanization and nail removal, we were able

to measure BMD on anesthetized animals during the study

using a bone densitometer specifically designed for mea-

surements on small animals. With this method, we were

able to record the development of BMD and differences

between the groups during the healing process.

After 3 weeks we found a reduction in the ultimate

bending moment and the bending stiffness for both

parecoxib- and indomethacin-treated animals compared

to placebo. Also, we found reduction of BMD in

parecoxib-treated animals after 3 weeks and in indometh-

acin-treated animals after 2 weeks. According to this, it

seems likely that the bone mineralization is involved in the

mechanical strength of the healing fractures. Rø et al. [54]

concluded in their study in 1978 that the impaired

mechanical strength after indomethacin treatment was not

caused by an inhibition of collagen synthesis, but by pro-

duction of lower-quality collagen. The results from our

present study also suggest that the conventional COX

Table 2. Ratios for the mechanical properties between the fractured and intact tibia at 3 weeks after fracture and intramedullary nailing

Property Parecoxib

(mean)

n = 14

Indomethacin

(mean)

n = 14

Placebo

(mean)

n = 14

Mean difference

placebo versus

parecoxib (post hoc)

Mean difference

placebo versus

indomethacin (post hoc)

Moment (ratio) 0.11 (SD 0.16) 0.10 (SD 0.09) 0.29 (SD 0.22) 0.18 (CI 0.019–0.334) 0.18 (CI 0.026–0.340)

p = 0.02 p = 0.02

Total energy (ratio) 0.12 (SD 0.18) 0.10 (SD 0.09) 0.18 (SD 0.16) 0.05 (CI �0.089–0.195) 0.08 (CI �0.063–0.221)

p = 0.64 p = 0.37

Stiffness (ratio) 0.12 (SD 0.22) 0.14 (SD 0.16) 0.62 (SD 0.66) 0.51 (CI 0.108–0.904) 0.49 (CI 0.088–0.884)

p = 0.01 p = 0.01

Deflection (ratio) 1.61 (SD 0.74) 1.68 (SD 0.91) 1.04 (SD 0.53) �0.57 (CI �1.286–0.147) �0.64 (CI �1.360–0.073)

p = 0.14 p = 0.09

Groups compared using ANOVA and Scheffe’s post hoc test. Level of significance set at p \ 0.05. Results are given as mean values, one

standard deviation (SD) and 95% confidence interval of mean difference (CI).
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inhibitors and COX-2 inhibitors interfere with the trans-

formation of immature connective tissue to mineralized

callus and bone. Since the osteoblasts produce alkaline

phosphatase that initiate mineralization [53], our results

may suggest inhibition of the osteoblasts as one of the

mechanisms for delaying union.

However, it seems likely that the reason these drugs

inhibit bone metabolism and fracture healing is more

complex. It has been postulated that COX inhibitors’ det-

rimental effects on bone metabolism and fracture healing

are due to inhibition of prostaglandin (PG) synthesis [54].

Vane [66] showed that the therapeutic effects of sodium

salicylate and aspirin-like drugs, the precursors of COX

inhibitors, were due to inhibition of the synthesis of PGs.

Later, several studies elucidated the role of PGs in the bone

healing process. A direct link between PGs and all the

characteristic signs of inflammation was demonstrated

[33], as well as increased release of PGs locally after a

fracture [13]. The dead cells in the area cause an aseptic

inflammatory response, and without this inflammation the

bone resorption and formation necessary for healing cannot

occur adequately [58]. Furthermore, PGs have a direct

effect on bone resorption through increased osteoclastic

activity [15, 38, 42, 46, 56] and also increase the replica-

tion and differentiation of the osteoblasts resulting in

enhanced bone formation [42 , 46]. Thus, PGs are involved

in regulation of the balance between bone resorption and

bone formation [18, 36, 47].

The ability of COX inhibitors to suppress inflammation

depends mostly on inhibition of the COX enzymes [66],

and decreased production of prostaglandins elicited by

COX inhibitors could potentially impair the bone healing

process [33].

Concerning the bone metabolism and fracture healing, it

is questioned whether COX-1 or COX-2 is the enzyme

responsible for the impairing effects. It is demonstrated that

COX-2 plays a critical role in bone resorption [49], and

induction of COX-2 in osteoblasts is reported to be

essential to the acute stress response in a bone remodeling

system [51]. Additionally, cytokines associated with

inflammation have been found to induce COX-2 when

added to bone marrow cells in culture [64]. Furthermore, it

is demonstrated that COX-2 is critically involved in bone

repair and required for both intramembranous and endo-

chondral bone formation in a study using mice genetically

deficient for COX-1 and COX-2 enzyme (COX-1�/� and

COX-2�/�) [69]. In another study involving COX-1�/� and

COX-2�/� mice, the authors also conclude that COX-2

function is essential for bone healing [59]. Inflammation is

present in the early phase after fracture, but does not occur

during the later healing process. It was demonstrated that

COX-2 mRNA levels showed peak expression during the

first 2 weeks of fracture healing and then returned to basal

levels by 3 weeks [29]. In a review article on heterotopic

ossification (HO), which may represent a mechanism

comparable to bone formation in the fracture healing pro-

cess, it was concluded that indomethacin given for 7 to

11 days prevented HO and was the drug of choice at

present [24]. This also supports that the initial inflamma-

tion is the critical phase of bone formation and gives

further reason to believe that COX-2 inhibitors adminis-

tered perioperatively even for only a few days will affect

bone metabolism and be detrimental in the early phase of

fracture healing.

In the present study, relatively large differences between

the intervention groups and the placebo animals were

found, whereas in a previous study [16] we found no dif-

ferences in mechanical properties concerning parecoxib

animals compared to placebo after 6 weeks, only a ten-

dency with weaker fractures in animals treated with

parecoxib. This indicates that the effects of COX-2 inhi-

bition administered in relation to surgery delays fracture

healing, but that the effects on the healing fractures

decreases, or even disappears, with time.

This is in accordance with the findings of Gerstenfields

et al. [28]. Even so, no definitive conclusions regarding

clinical short term administration of COX inhibitors could

be made on the basis of these experimental studies. In

general, however, all fractures showing delayed union,

have an increased risk to eventually end up in a non union.

In a clinical setting this should be a concern, as short term

administration of COX inhibitors might result in increased

incidence of non unions, especially in long bone fractures

[9].

During the last few years, several studies have dem-

onstrated that COX-2 inhibitors impair fracture healing

and suppress bone formation [6, 21, 30, 59, 60, 69].

Controversies still exist, however, regarding the poten-

tially negative effects of the COX-2 inhibitors compared

to the conventional COX inhibitors on bone healing and

bone repair. The impairing effect on bone healing is less

significant with COX-2-specific inhibitors. Gerstenfeldt

et al. studied the effects of ketorolac and parecoxib [29].

Both had negative effects on fracture healing, but

parecoxib only to a lesser degree. As pointed out by

Aspenberg in a comment on this paper [4], this was

probably caused by the fact that the animals were given

parecoxib by oral gavage only once daily. Due to this,

the blood concentration was probably too low much of

the time to induce proper inhibition of the COX-2

enzyme. Additionally, male rats, in which COX-2 inhib-

itors have shown to have a short half-life and are quickly

eliminated [32, 50], were used. In Brown et al. [8], there

were similar findings; indomethacin delayed fracture

healing at 4 weeks, but celecoxib, a specific COX-2

inhibitor, did not. Their use of male rats may be a likely
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explanation for not finding delayed fracture healing in the

celecoxib animals. Recently Gerstenfeld et al. [28]

interpreted their previous findings so that inhibition of

COX-2 was associated with impaired fracture healing

when the medication was prolonged for 21 or 35 days,

but not when given for 7 days. Once again, their use of

oral gavage once daily commencing 24 hours after sur-

gery and their use of male rats could have resulted in less

notable findings compared to female rats or humans.

However, they showed that the impairing effects were

reversible when the drugs were administered only for

7 days, and this corresponds with our findings.

Another recent study elucidated the effects of celecoxib

on fracture healing [60]. Like our present study, they

demonstrated that short-term treatment with a COX-2

inhibitor following fracture, delays healing. They also

demonstrated that higher doses or longer duration of the

celecoxib treatment affected bone healing even more.

The calculation of relevant parecoxib doses for rats is

associated with some uncertainty. Due to the quick

metabolism of the COX-2 inhibitors celecoxib and ro-

fecoxib in rats [32, 50], Meunier and Aspenberg [45]

administered parecoxib in as high doses as 6.4 mg/kg

daily using subcutaneous mini pumps with continuous

release to compensate for the fast metabolism. However,

to our knowledge, the half-life of parecoxib in rats is

unknown. Furthermore, no direct correlation is observed

between the plasma concentration of COX inhibitors and

the magnitude of the pharmacological effects in chronic

inflammatory conditions, and different COX inhibitors

may also have various potency [35]. Thus, the inhibitory

effects on inflammation after fracture could differ

between various COX inhibitors. We chose to administer

1 mg/kg daily to our rats, which is equal to the recom-

mended human dosage, as this dosage has previously

demonstrated a negative effect on bone mineralization.

The present study was designed to investigate the

effects on bone mineralization and fracture healing of

short-term perioperative treatment of parecoxib and

indomethacin [16]. We used female rats to eliminate the

problem with a short half-life for drugs involved, and to

ensure the best absorption and sufficient blood concen-

tration, the drug was administered intraperitoneally twice

a day. The first injection was given immediately before

surgery and prolonged for a week to mimic the use of

COX inhibitors in humans. No differences between

parecoxib and indomethacin were demonstrated con-

cerning mechanical properties. Our findings, where

parecoxib had a higher potential for reducing BMD,

might support the presumption that inhibition of the

COX-2 enzyme is responsible for impaired fracture

healing.
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