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Abstract

Nonsteroidal anti-inflammatory drugs continue to be prescribed as analgesics for
patients with healing fractures even though these drugs diminish bone formation,
healing, and remodeling. Inhibition of bone formation can be clinically useful in pre-
venting heterotopic ossification in selected clinical situations. In this regard, naproxen
may be more efficacious than the traditional indomethacin, and short-term admin-
istration is as effective as long-term. When fracture healing or spine fusion is de-
sired, nonsteroidal anti-inflammatory drugs should be avoided. Some nonsteroidal
anti-inflammatory drugs have a positive effect on soft-tissue healing; they stimulate
collagen synthesis and can increase strength in the early phases of repair during
skin and ligament healing. Cyclooxygenase-2 inhibitors have an adverse effect on
bone healing and may have an adverse effect on ligament healing. Therefore, further
investigation is necessary to confirm that traditional nonsteroidal anti-inflammatory

drugs may be preferable for the healing of collagenous tissues.
J Am Acad Orthop Surg 2004;12:139-143

Because of their analgesic and anti-
inflammatory effects, nonsteroidal
anti-inflammatory drugs (NSAIDs)
are among the most commonly pre-
scribed medications. These drugs
function by blocking cyclooxygen-
ase (COX), an enzyme involved in
making prostaglandins from arachi-
donic acid. COX-1 is considered to be
important in the production of pros-
taglandins during normal physiolog-
ic processes in various tissues. Inhi-
bition of COX-1 function in the
gastrointestinal tract is thought to be
responsible for many of the side ef-
fects of traditional NSAIDs, includ-
ing stomach and intestinal ulcers and
gastrointestinal bleeding (Fig. 1). In
contrast, COX-2 is thought to be an
“inducible” form of COX, responsi-
ble for the inflammatory response in
various tissues. Therefore the COX-2
enzyme has been the target of the cox-
ibs, which may reduce inflammation
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without producing as many gas-
trointestinal side effects as COX-1.
Several prostaglandins, notably
prostaglandin E,, are important in the
formation of new bone. Thus, NSAIDs
have significant effects on new bone
formation, including heterotopic bone
formation after injury, new bone for-
mation in the healing of fractures, and
even the formation of bone around po-
rous ingrowth prostheses. In contrast
to these effects, many NSAIDs appear
to stimulate collagen synthesis, which
may have a beneficial effect on soft-
tissue healing, resulting in increased
strength of cartilage, skin, and tendon.
Although the available data on COX-2
inhibitors are not as extensive or com-
pelling as the information on tradi-
tional NSAIDs, COX-2 inhibitors also
seem to have adverse effects on new
bone formation. Celecoxib also has a
negative effect on soft-tissue healing.
It is extremely important that physi-

cians take these bone and soft-tissue
healing effects into account when pre-
scribing COX-2 inhibitors.

Heterotopic Ossification

Heterotopic ossification (HO) can be
adifficult problem in patients with ce-
rebral or spinal cord injury, burn, af-
ter blunt muscle trauma (especially
to the quadriceps), or following cer-
tain types of surgery, particularly
around the hip (Fig. 2). Prevention of
this complication in at-risk patients
generally has been through the use
of radiation therapy or the adminis-
tration of NSAIDs. Despite a few con-
flicting results,! studies largely have
shown that NSAIDs are effective in
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Figure 1 Arachidonic acid metabolism to prostaglandins through the COX-1 and COX-2
enzymes. Physiologic stimuli help regulate COX-1 to produce prostaglandins important in
normal function, whereas inflammatory stimuli help regulate COX-2 to produce proinflam-

matory prostaglandins.

diminishing or preventing formation
of HO. Although indomethacin tra-
ditionally has been used for this pur-
pose, Vielpeau et al? reported that
naproxen, which is generally better
tolerated, may be more effective than
indomethacin in preventing such
bone formation around hip replace-
ments. In a randomized prospective
double-blind study, 63 patients com-
pleted treatment in one of three
groups: naproxen 750 mg/day, in-

Figure 2 Anteroposterior radiograph dem-
onstrating heterotopic ossification (arrow) in
the gluteus musculature after trochanteric os-
teotomy for open reduction and internal fix-

ation of an acetabular fracture.
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domethacin 75 mg/day, or placebo.
Treatment was started on postoper-
ative day 1 and continued for 6
weeks, with drug or placebo given
three times a day. At 6 months,
naproxen was significantly more ef-
fective than placebo (P < 0.001) and
indomethacin (P = 0.02) in prevent-
ing HO (as defined by the Brooker
classification3).

Gebuhr et al* reported that 8 days
of naproxen administration was effec-
tive in preventing HO after total hip
arthroplasty (THA). Twenty-seven
patients who underwent cemented
THA (posterolateral approach with-
out osteotomy) were given naproxen
500 mg twice a day, with the first dose
administered as a preoperative sup-
pository and continuing for 7 days
postoperatively. This group was com-
pared retrospectively with 23 control
subjects who received no HO prophy-
laxis. At both 3 months and 1 year,
the naproxen group showed a signif-
icant (P < 0.05) reduction in HO
(Brooker classification®) compared
with controls.

Persson et al® also showed that 1
week of treatment with NSAIDs is as
effective as 3 weeks’ in preventing
HO. In a double-blind prospective
study, the authors on the day of sur-
gery randomized patients undergo-
ing primary THA to one of three

groups: ibuprofen 400 mg three times
aday for 7 days, followed by placebo
for 14 days; ibuprofen 400 mg three
times a day for 21 days; or placebo
for 21 days. One hundred forty-four
patients were followed for at least 1
year, with HO outcomes determined
radiographically by the Brooker clas-
sification.® At 1-year follow-up, a sig-
nificant (P = 0.005) reduction in HO
was seen in the patients who had re-
ceived 1 week of ibuprofen compared
with those who had received only
placebo. No difference was seen in the
rate of HO between the 1-week and
3-week ibuprofen groups (P = 0.8).

A retrospective study by van der
Heide et al®included 19 patients treat-
ed with a postoperative indometha-
cin suppository (100 mg), followed by
oral indomethacin 50 mg given three
times a day for a total of 3 days. This
group was compared with historical
control subjects consisting of 170 pa-
tients who received no prophylaxis
and 99 patients who received in-
domethacin for 7 days after surgery.
HO outcomes were evaluated using
the Brooker classification.® Grade 3
HO at 6 months in the 3-day in-
domethacin group (16%) was similar
to the rate found in the no-prophyl-
axis control group (17%). The authors
hypothesized in this study that the ef-
fectiveness of indomethacin should
be at least 80% (o = 5%, P = 90%), and
their data did not meet that criteria.
Therefore, they concluded that 3 days
of treatment with indomethacin was
not effective.

Pritchett” reported that only 2 days
of treatment with ketorolac effective-
ly prevented HO in THA. In a pro-
spective double-blind study, 303 pa-
tients were randomized to ketorolac
60 mg given intraoperatively, fol-
lowed by 30-mg intramuscular injec-
tions given every 8 hours for a total
of 48 hours, or to saline given by the
same route at the same frequency. All
patients had undergone a primary
THA done through an anterolateral
approach by the same surgeon. HO
was graded using the Brooker clas-

Journal of the American Academy of Orthopaedic Surgeons



sification.® At 2 years, no patients
treated with ketorolac developed se-
vere (grade 3 or 4) HO, whereas 10
patients in the control group (6.6%)
developed grade 3 and 1 patient
(0.1%) developed grade 4 HO (P <
0.005).

Long-term administration may
add to the complication rate without
extending the benefit. Surgeons con-
sidering the use of NSAIDs in pre-
venting HO after THA should consid-
er the possible adverse effect this
regimen may have on bone ingrowth
if an ingrowth prosthesis is to be
used.89

Bone Ingrowth

The effects of NSAIDs on biologic fix-
ation in porous ingrowth implants
have been evaluated in several ani-
mal studies. Indomethacin, aspirin,
and ibuprofen all diminished the
amount of bone ingrowth in a dose-
related fashion in porous implants in
rabbits followed for up to 8 weeks.?
Keller et al® also found a decrease in
bone ingrowth at 8 weeks in rabbits
treated with indomethacin. A canine
study quantifying ingrowth and
strength of fixation as influenced by
indomethacin showed a transient de-
crease in attachment strength in the
first few weeks, but this was no long-
er evident between 6 weeks and 24
weeks.10

Wurnig et al'! retrospectively stud-
ied a series of patients implanted with
cementless stems and treated with
and without indomethacin prophy-
laxis for HO. Eighty patients who un-
derwent primary cementless THA
done through a transgluteal approach
were given indomethacin 50 mg twice
a day for 6 weeks starting on post-
operative day 1. This group was com-
pared with 82 historical controls who
received no HO prophylaxis. After 6
years, no difference was seen between
the two groups in prosthetic subsi-
dence or radiolucent lines. In fact, in
this study, the indomethacin group
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had significantly higher results on the
Harris hip score. The same results
were found in animal studies. Thus,
although NSAIDs diminish early
bone ingrowth, it may well be that,
even in their presence, bone ingrowth
eventually occurs and therefore that
the use of NSAIDs to control HO is
a reasonable choice. However, the
data on this issue are limited.

Bone Healing

Preclinical animal data regarding the
effects of NSAIDs on fracture healing
are abundant. Although a few stud-
ies have not found statistically sig-
nificant effects, the majority have
demonstrated slower healing, more
nonunions, and weaker union in
animals treated with NSAIDs.1215
This effect seems to be dose-depen-
dent.’21% Even aspirin at a sufficient-
ly high dosage has been found to im-
pede healing.’? Low-dose aspirin
treatment did not have a statistically
significant effect!? but, because there
was a trend, one cannot be sure that
“baby aspirin” (81-mg tablets) throm-
boprophylaxis does not have a neg-
ative effect. Ho et al'® found that, at
6 weeks, ketorolac decreased the
strength of grafted rabbit ulnar de-
fects similar to the effect of methyl-
prednisolone. Hggevold et al** report-
ed asignificant (P > 0.05) decrease in
the strength of healing fractures with
indomethacin compared with meth-
ylprednisolone during short-term
treatment.

Aretrospective study by Giannou-
dis et al*® compared 32 patients who
developed nonunion of the femoral
diaphysis with 67 comparable control
patients whose fractures had united.
The authors found no significant ef-
fect for factors such as type of implant,
mode of locking, reaming, fracture
distraction, or smoking—factors to
which nonunions often have been at-
tributed. However, they did find a sta-
tistically significant (P = 0.000001) as-
sociation between nonunion and the

use of NSAIDs after injury. Sixty-three
percent of the patients who developed
nonunions admitted to taking NSAIDs
versus 13% in the control group. Of
the patients who took NSAIDs, aver-
age duration of treatment was 21
weeks in the nonunion group and 1
week in the control group. The authors
also noted that the fractures in the pa-
tients who took NSAIDs healed much
more slowly than did the injuries in
the patients who had not taken
NSAIDs (average time to radiograph-
ic union, 7.5 months and 5.5 months,
respectively).

Spinal Fusion

Using a rat spine fusion model,
Dimar et al'’ reported that the pos-
terior fusion rate dropped from 45%
in the placebo group (27/60 segmen-
tal levels) to 10% in the indomethacin-
treated group (4/42). Martin et al'® re-
ported that Kketorolac had a
significantly (P = 0.037) adverse in-
fluence on rabbit spine fusion rates,
which was overcome by adding bone
morphogenic protein (rhBMP2) to the
graft used for the fusion.

Deguchi et al® retrospectively
studied 83 consecutive patients with
isthmic spondylolisthesis who under-
went posterolateral spine fusion with
autogenous bone graft. Twenty-eight
patients continued to take NSAIDs >3
months after surgery. At an average
follow-up of 3.8 years, only 44% of
these patients had achieved fusion
compared with 98% of control sub-
jects (P = 0.001). Glassman et al?° re-
ported similar results. In a retrospec-
tive study, 288 patients underwent
instrumented spinal fusion from L4
to the sacrum. Five nonunions (4%)
were reported in the 121 patients who
did not receive postoperative keto-
rolac compared with 29 nonunions
(17%) in the 167 patients who did re-
ceive postoperative ketorolac (P <
0.001). Ketorolac was given in a 60-
mg loading dose after surgery, fol-
lowed by 30 mg every 6 to 8 hours
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as needed. The odds ratio for devel-
oping a nonunion when exposed to
ketorolac was 5, compared with 2.8
for smokers. The mean number of
doses of ketorolac in the postopera-
tive period was only 10, indicating
that the threshold for this effect is
quite low.?0

Soft-Tissue Healing

The effects of NSAIDs on soft-tissue
healing are not so clear-cut as those
on bone healing. Tissue culture stud-
ies show decreased collagen synthe-
sis with naproxen and indomethacin
but increased synthesis with ace-
clofenac.?! In 1977, Vogel? reported
that administration of acetylsalicylic
acid, indomethacin, or phenylbuta-
zone in rats increased collagen de-
position as well as the strength of
physeal cartilage, skin, and tendon
and of granulomas induced by im-
plantation of glass rods. Studies of lig-
ament healing in animal models have
shown no effect from using ibupro-
fen?® but positive effects with piroxi-
cam.?* However, piroxicam did not
provide any notable benefit in heal-
ing experimental muscle strains.? De-
spite its ability to stimulate collagen
synthesis, piroxicam has been found
to diminish intraperitoneal adhesion
reformation in rats.?¢ If synovial ad-
hesions are similarly inhibited, piroxi-
cam may be beneficial in the preven-
tion of arthrofibrosis or tenosynovial
adhesions.

Numerous clinical studies have
evaluated the effects of NSAIDs in
acute and chronic soft-tissue injuries.
The outcomes evaluated in many of
these studies include swelling, patient
perception of pain, and opinions of
therapists; such outcomes are more
likely to be influenced by the analge-
sic properties of NSAIDs than their
effect on soft-tissue healing. More than
50 studies report the use of NSAIDs
in sports-related injuries. Eight pro-
spective randomized placebo-con-
trolled double-blind studies have con-
cluded that NSAIDs are beneficial after
various sprains and strains, but three
studies found no effect.?” Two stud-
ies?829 specifically evaluated the treat-
ment of ankle sprains with ibuprofen.
McLatchie et al?® reported that patients
treated with ibuprofen (2,400 mg/day)
after grade 1 or 2 ankle inversion in-
juries had less tenderness 7 days af-
ter injury and were able to achieve a
higher level of training than those who
received placebo. Fredberg et al®®
found that the same dose of ibupro-
fen (2,400 mg/day) had no effect on
ankle swelling or analgesia in patients
immobilized after acute ankle sprains.

COX-2 Inhibitors

Because it is an inducible form of cy-
clooxygenase, COX-2 presumably
would be induced after injury and
therefore would be important in the
body’s response to injury. Forwood?®®
documented in rats that deposition of

new bone in response to mechanical
loading, which can be partially inhib-
ited by indomethacin, was complete-
ly blocked by a COX-2 inhibitor. More
recently, rofecoxib has been shown to
significantly (P <0.05) inhibit fracture
healing in rats.3! Celecoxib was eval-
uated in the same study?! and found
to have minimal effect on bone heal-
ing; however, the celecoxib dosage
regimen was low.

With regard to soft tissue, a study
of injured ligaments in the rat has
shown a 32% lower load to failure in
a group treated with celecoxib.®? In-
terestingly, aggressive fibromatosis
(desmoid tumor) has been shown to
express COX-2. Tissue cultured from
aggressive fibromatosis specimens
can be inhibited by indomethacin and
a COX-2 blocker.3?

Summary

Generally, NSAIDs, including COX-2
inhibitors, diminish bone formation
and therefore should be used as need-
ed to decrease bone formation when
desired but avoided when bone for-
mation is the preferred outcome.
NSAIDs appear to be beneficial for
soft-tissue healing, but results are in-
conclusive. A COX-2 inhibitor has
shown a negative effect on ligament
healing in the single study published
to date. More studies are needed to
determine the effect COX-2 inhibitors
might have on tendon or ligament
healing in sports-related injuries.

References

1. MattaJM, Siebenrock KA: Does indometha-
cin reduce heterotopic bone formation
after operations for acetabular fractures?
A prospective randomised study. J Bone
Joint Surg Br 1997;79:959-963.

2. Vielpeau C, Joubert JM, Hulet C:
Naproxen in the prevention of hetero-
topic ossification after total hip replace-
ment. Clin Orthop 1999;369:279-288.

3. Brooker AF, Bowerman JW, Robinson
RA, Riley LH Jr: Ectopic ossification fol-

142

lowing total hip replacement: Incidence
and a method of classification. J Bone
Joint Surg Am 1973;55:1629-1632.

4. Gebuhr P, Wilbek H, Soelberg M:
Naproxen for 8 days can prevent het-
erotopic ossification after hip arthro-
plasty. Clin Orthop 1995;314:166-169.

5. Persson PE, Sodemann B, Nilsson OS:
Preventive effects of ibuprofen on peri-
articular heterotopic ossification after
total hip arthroplasty: A randomized

double-blind prospective study of
treatment time. Acta Orthop Scand 1998;
69:111-115.

6. vander Heide HJ, Koorevaar RT, Schreurs
BW, van Kampen A, Lemmens A: In-
domethacin for 3 days is not effective as
prophylaxis for heterotopic ossification
after primary total hip arthroplasty. J Ar-
throplasty 1999;14:796-799.

7. Pritchett JW: Ketorolac prophylaxis
against heterotopic ossification after

Journal of the American Academy of Orthopaedic Surgeons



10.

11.

12.

13.

14.

15.

16.

hip replacement. Clin Orthop 1995;314:
162-165.

Trancik T, Mills W, Vinson N: The effect
of indomethacin, aspirin, and ibupro-
fen on bone ingrowth into a porous-
coated implant. Clin Orthop 1989;249:
113-121.

Keller JC, Trancik TM, Young FA, St Mary
E: Effects of indomethacin on bone in-
growth. J Orthop Res 1989;7:28-34.
Cook SD, Barrack RL, Dalton IJE,
Thomas KA, Brown TD: Effects of indo-
methacin on biologic fixation of porous-
coated titanium implants. J Arthroplasty
1995;10:351-358.

Wurnig C, Schwameis E, Bitzan P,
Kainberger F: Six-year results of a ce-
mentless stem with prophylaxis against
heterotopic bone. Clin Orthop 1999;361:
150-158.

Allen HL, Wase A, Bear WT: In-
domethacin and aspirin: Effect of non-
steroidal anti-inflammatory agents on
the rate of fracture repair in the rat. Acta
Orthop Scand 1980;51:595-600.

Altman RD, Latta LL, Keer R, Renfree
K, Hornicek FJ, Banovac K: Effect of
nonsteroidal antiinflammatory drugs
on fracture healing: A laboratory study
in rats. J Orthop Trauma 1995;9:392-400.
Hggevold HE, Grggaard B, Reikeras O:
Effects of short-term treatment with
corticosteroids and indomethacin on
bone healing: A mechanical study of os-
teotomies in rats. Acta Orthop Scand
1992;63:607-611.

Ho ML, Chang JK, Wang GJ: Antiin-
flammatory drug effects on bone repair
and remodeling in rabbits. Clin Orthop
1995;313:270-278.

Giannoudis PV, MacDonald DA, Mat-
thews SJ, Smith RM, Furlong AJ, De
Boer P: Nonunion of the femoral di-

Vol 12, No 3, May/June 2004

17.

18.

19.

20.

21.

22.

23.

24.

Laurence E. Dabners, MD, and Brian H. Mullis, MD

aphysis: The influence of reaming and
non-steroidal anti-inflammatory drugs.
J Bone Joint Surg Br 2000;82:655-658.
Dimar JR 1, Ante WA, Zhang YP, Glass-
man SD: The effects of nonsteroidal
anti-inflammatory drugs on posterior
spinal fusions in the rat. Spine 1996;21:
1870-1876.

Martin GJJr, Boden SD, Titus L: Recom-
binant human bone morphogenetic
protein-2 overcomes the inhibitory effect
of ketorolac, a nonsteroidal anti-in-
flammatory drug (NSAID), on postero-
lateral lumbar intertransverse process
spine fusion. Spine 1999;24:2188-2194.
Deguchi M, Rapoff AJ, Zdeblick TA:
Posterolateral  fusion for isthmic
spondylolisthesis in adults: Analysis of
fusion rate and clinical results. J Spinal
Disord 1998;11:459-464.

Glassman SD, Rose SM, Dimar JR,
Puno RM, Campbell MJ, Johnson JR:
The effect of postoperative nonsteroidal
anti-inflammatory drug administration
on spinal fusion. Spine 1998;23:834-838.
Cox M, Dingle JT, Harrall RL, Hazle-
man BL, Riley GP: Matrix metabolism
and cell proliferation in tendon: The ef-
fects of NSAIDs on tendon repair. Trans
Orthop Res Soc 1999;24:67.

Vogel HG: Mechanical and chemical
properties of various connective tissue
organs in rats as influenced by non-
steroidal antirheumatic drugs. Connect
Tissue Res 1977;5:91-95.

Moorman CT Ill, Kukreti U, Fenton DC,
Belkoff SM: The early effect of ibupro-
fen on the mechanical properties of
healing medial collateral ligament. Am
J Sports Med 1999;27:738-741.

Dahners LE, Gilbert JA, Lester GE, Taft
TN, Payne LZ: The effect of a nonsteroi-
dal antiinflammatory drug on the heal-

25.

26.

217.

28.

29.

30.

3L

32.

33.

ing of ligaments. Am J Sports Med 1988;
16:641-646.

Almekinders LC, Gilbert JA: Healing of
experimental muscle strains and the ef-
fects of nonsteroidal antiinflammatory
medication. Am J Sports Med 1986;14:
303-308.

Tayyar M, Basbug M: The effects of
intraperitoneal piroxicam and low mo-
lecular weight heparin in prevention
of adhesion reformation in rat uterine
horn. Res Exp Med (Berl) 1999;198:
269-275.

Weiler JM: Medical modifiers of sports
injury: The use of nonsteroidal anti-
inflammatory drugs (NSAIDs) in
sports soft-tissue injury. Clin Sports Med
1992;11:625-644.

McLatchie GR, Allister C, MacEwen C,
et al: Variable schedules of ibuprofen
for ankle sprains. Br J Sports Med 1985;
19:203-206.

Fredberg U, Hansen PA, Skinhoj A: Ibu-
profen in the treatment of acute ankle
joint injuries: A double-blind study. Am
J Sports Med 1989;17:564-566.

Forwood MR: Inducible cyclo-oxygen-
ase (COX-2) mediates the induction
of bone formation by mechanical load-
ing in vivo. J Bone Miner Res 1996;11:
1688-1693.

Simon AM, Sabatino CT, O’Connor JP:
Effects of cyclooxygenase-2 inhibitors
on fracture healing. Trans Orthop Res
Soc 2001;26:205.

Elder C, Dahners L, Weinhold P: A
COX-2 inhibitor impairs ligament heal-
ing in the rat. Trans Orthop Res Soc 2001;
26:750.

Li C, Wunder J, Alman BA: Cyclooxy-
genase-two regulates proliferation in ag-
gressive fibromatosis (desmoid tumor).
Trans Orthop Res Soc 1999;24:419.

143



	Abstract
	Heterotopic Ossification
	Bone Ingrowth
	Bone Healing
	Spinal Fusion
	Soft-Tissue Healing
	COX-2 Inhibitors
	Summary
	References

