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Preventive effects of ibuprofen on periarticular
heterotopic ossification after total hip

arthroplasty

A randomized double-blind prospective study of treatment time

Per-Erik Persson', Bent Sodemann' and Olie S Nilsson?

We determined the efficacy and the minimum treat-
ment time necessary for prophylaxis with nonsteroi-
dal anti-inflammatory drugs (NSAIDs) for periarticu-
lar heterotopic ossification (HO) after total hip ar-
throplasty (THA). Using a double-blind placebo con-
trolled design, 144 patients operated on with total
hip arthroplasty for primary arthrosis were treated
postoperatively with (1) ibuprofen for 3 weeks, (2)
ibuprofen for 1 week and placebo for the next 2
weeks or (3) placebo for 3 weeks. Radiographic oc-
currence of periarticular heterotopic ossification and

complications of the treatment were recorded for the
first year.

Both ibuprofen-treated groups showed signifi-
cantly less HO than the placebo-treated group.
There was no difference in HO between the patients
treated for 8 or 21 days postoperatively. Both 8 and
21 days of treatment with ibuprofen following THA
effectively prevents clinically significant degrees of
HO. No serious short-term complications of the
treatment were noted.
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Periarticular heterotopic ossification (HO) is one of
the most frequent complications of hip replacement
(Delee et al. 1976, Jowsey et al. 1977, Kjaergaard-
Andersen and Schmidt 1991, Ahrengardt and
Lindgren 1993) with a variation in reported incidence
ranging between 8% and 90% (Rosendahl et al. 1977,
Knelles et al. 1997). Widespread HO is reported to
occur in between 5% and 30% of the patients, while
severe HO with clinical symptoms such as pain and
restricted joint motion leading to functional impair-
ment occurs in less than 10% (Charnley 1972, Ritter
and Vaughan 1977, Knelles et al. 1997). Nonsteroidal
anti-inflammatory drugs (NSAIDs) administered dur-
ing the first postoperative weeks are potent inhibitors
of HO after total hip arthroplasty (Ritter and Gioe
1982, Ritter and Sieber 1985, Schmidt et al. 1988,
Knelles et al, 1997). The shortest effective treatment
time has not yet been established. The primary pur-
pose of this investigation was to establish, by a ran-
domized double-blind study design, if 8 days of ibu-
profen treatment is sufficient to achieve a prophylac-
tic effect on clinically significant HO after total hip
arthroplasty.

Patients and methods
Experimental design

We used a prospective, randomized, double-blind,
placebo-controlled design, including 144 patients op-
erated on with primary THA for arthrosis. The group
size was determined by power analysis with alpha
0.05 and beta 0.8 and on the assumption that the prev-
alence of HO grades I-IV, according to Brooker et al.
(1973), is 80% in men and 20% in women, as deter-
mined by a previous study (Sodemann et al. 1988).
Half of the patients were operated on at Karolinska
Hospital, Stockholm, and the other half at the Central
Hospital of Kristianstad. The patients were random-
ized into 3 groups that were equal in respect of sex
and institution where surgery was performed. Patients
with rheumatoid disease or complications of fractures
were not included. Patients with contraindications to
NSAIDs, such as history of liver or renal failure, al-
lergy to salicylates or to NSAIDs or gastric ulcer/gas-
tritis were not included.
One of 3 treatments was used:

1. Ibuprofen from the day of surgery for 3 weeks;

2. Tbuprofen for 1 week and then placebo for 2 weeks;
3. Placebo for 3 weeks.
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Table 1. Reason for discontinuation of postoperative medication with ibupro-
fen or placebo in patients operated on with total hip arthroplasty

Treatment group G.lL Patient’s wish ~ Postoperative  Total
discomfort  to discontinue confusion

lbuprofen 21 d 3 4 0 7

Ibuprofen 8d 5 2 0 7

Placebo 4 3 1 8

Total 12 9 1 22

These patients were substituted so that each treatment group included 48

patients.

Treatment with ibuprofen (Ibumetin®, Alfred
Benzon AB, Helsingborg, Sweden) 400 mg 3 times
daily or placebo was started on the day of surgery. On
the first 2 postoperative days, the medication was giv-
en as suppositories and the remaining time with tab-
lets. The first suppository was given before surgery.

Functional grading according to Charnley, the
Harris Hip Score and range of motion of the affected
Jjoint were recorded. Per- and postoperative complica-
tions, type of anesthesia, blood loss and blood trans-
fusions were recorded during the hospital stay. The
patients were followed clinically and with conven-
tional hip radiographs at 3 and 12 months.

The investigation was approved by the Ethics Com-
mittee at Karolinska Hospital.

Methods

The patients were operated on through a posterolater-
al incision. A conventional cementing technique with
irrigation and pressurization was used. After insertion
of the prosthesis, the wound was thoroughly irrigated
with saline. Suction drainage was used for 24 hours.
The patients were allowed full weight bearing from
the first postoperative day. At Karolinska Hospital,
the Charnley prosthesis was used, at the Central Hos-
pital in Kristianstad, the Lubinus or Exeter prosthesis.
Prophylaxis against thrombo-embolism was given
with low molecular weight heparin (Fragmin®, Phar-
macia, Stockholm, Sweden, 5,000 IE s.c.) from the
day of surgery and 500 mL of dextrane during sur-
gery. A single dose of cloxacillin, 2 g iv, was given
before surgery. The patients were not treated with oth-
er NSAIDs, salicylates, systemic steroids, bisphos-
phonates or other drugs with known effects on the
skeleton.

The occurrence of HO was evaluated from antero-
posterior (AP) radiographs, obtained postoperative-
ly, at 3 and 12 months after surgery. HO was rated on
a 5-grade scale, according to Brooker et al. (1973) as
follows: grade 0, no ossification, grade I, 1 or 2 iso-
lated areas of ossification, each less than 1 cm in di-
ameter, grade II, more widespread isolated areas of

ossification or osteophytes of the proximal femur or
acetabular rim, covering less than half of the dis-
tance between the femur and the pelvis, grade III,
ossification covering more than half of the distance
between the femur and the pelvis, but not bridging
the entire distance, and grade IV, ossification bridg-
ing the entire distance between the femur and the
pelvis. HO was graded by comparison with the post-
operative radiographs taken within 1 week of sur-
gery.

Statistical analysis of the grade of HO was per-
formed, using log-linear transformation with ordering
of the grade of HO (0-1V), in relation to the factor’s
gender and treatment (Goodman 1984) and using
Fisher’s exact test.

Results
Substitutions

When the medication was discontinued before 3
weeks, the patient was substituted using a new set of
suppositories and tablets (the substitution medication
had the same number as the original medication with
the addition of S). The medication was discontinued
in 7 patients at Karolinska Hospital and in 15 patients
at the Central Hospital in Kristianstad. The reasons
for exclusion were nausea and gastrointestinal dis-
comfort (12), the patients wished to discontinue the
medication (9) or postoperative confusion (1) (Table
1). There were 7 drop-outs in each of the treatment
groups and 8 in the placebo-treated group. The pa-
tients who discontinued the medication due to gas-
trointestinal symptoms were also equally distributed
between the 3 groups.

No serious complications were recorded. The
amounts of per- and postoperative bleeding were sim-
ilar in all groups (Table 2). The mean total blood loss
was 1.7 (0.5-3.2) L in the placebo group, 2.2 (0.6—
5.3} L in the group treated with ibuprofen for 8 post-
operative days, and 1.8 (0.7-3.6) L in the group treat-
ed with ibuprofen for 21 postoperative days.
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Table 2. Per- and postoperative bleeding (mL) and blood transfusions in
patients operated on with total hip arthroplasty

Treatment group Peroperative  Postoperative  Total Transfusion
(units)
Ibuprofen 21 d 1.200 650 1.850 35
Ibuprofen 8d 1.450 750 2.200 4.6
Placebo 1.100 600 1.700 3.5

Tabie 3. Heterotopic ossification 3 months after total hip arthroplasty

Grade of HO
0 1 Il il v N Lost to FU
1. lbuprofen21d 44 3 1 0 0 48 0
2. lbuprofen 8d 41 5 1 1 0 48 o}
3. Placebo 29 8 6 3 1 47 1

Heterotopic ossification (HO) was graded on AP radiographs using a 5-grade
scale, according to Brooker. 1 patient died of a myocardial infarction 3 months

after joint replacement.

Table 4. Heterotopic ossification 12 months after total hip arthroplasty

Grade of HO
0 I I v N Lost to FU
1. lbuprofen21d 38 7 1 0 0 46 2
2. Ibuprofen 8 d 38 8 2 2 0 48 0
3. Placebo 24 10 4 5 2 45 3

Heterotopic ossification (HO) was graded on AP radiographs using a 5-grade
scale, according to Brooker. 5 patients were lost to follow-up; all had died 3 to
12 months after surgery from causes unrelated to the joint replacement.

Periarticular heterotopic ossification

Both ibuprofen-treated groups showed less HO than
the placebo-treated group (p = 0.001 for the 21 days
of treatment group, and p = 0.008 for the 8 days of
treatment group). The 3-month values are given in
Table 3. There was no (p = 0.5) difference in HO be-
tween the patients treated for 8 or21 days postopera-
tively. In the group treated with ibuprofen for 21 days,
there was no patient with grade III or IV HO, in the
group treated for 8 days there was 1 patient with grade
IT1, while there were 3 patients with grades III and 1
with grade IV HO in the placebo-treated group.

12 months after surgery, both ibuprofen-treated
groups still showed less HO than the placebo-treated
group (p = 0.002 for the 21-day treatment group, and
p = 0.005 for the 8-day treatment group), but there
was no difference between the 2 treatment groups
(p =0.8) (Table 4). In several patients, a maturation of
the bone had occurred, the heterotopic bone becom-
ing more clearly delineated. In some instances, the

HO had increased in size and was classified 1 grade
higher. HO was not graded lower or more than 1
grade higher in any patient.

The incidence of all grades of HO was higher in
men than in women. All patients with grade IV HO
were men (Table 5). 1 woman treated with ibuprofen
had grade II, while none hade grades III or IV HO.

Discussion

Our aims were: (1) To determine the efficacy and the
minimum treatment time necessary for prophylaxis
with NSAIDs for periarticular heterotopic ossifica-
tion (HO) after total hip arthroplasty (THA), (2) To
determine short-term side-effects of the treatment.
The early inflammatory reaction following the sur-
gical trauma of THA appears to be essential for the
induction of HO and modification of this process by
NSAIDs results in inhibition of heterotopic bone for-
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Table 5. Heterotopic ossification 12 months after totat hip arthroplasty

Grade of HO
0 | I 1Tt v N Lost to FU

Men

1. lbuprofen21d 20 3 0 0 0 23 1

2. lbuprofen 8d 17 3 2 2 4] 24 0

3. Placebo 7 7 2 3 2 21 3
Women

1. Ibuprofen 21 d 18 4 1 0 0 23 1

2. lbuprofen 8d 21 3 0 0 0 24 0

3. Placebo 17 3 2 2 0 24 0

Heterotopic ossification (HO) was graded on AP radiographs using a 5-grade

scale, according to Brooker.

4 men were lost to follow-up; all had died 3—12 months after surgery from
causes unrelated to the joint replacemsnt.

1 woman was lost to follow-up; she died between 3 and 12 months after
surgery from causes unreiated to the joint replacement.

mation. The surgical trauma probably causes favor-
able conditions for bone induction by providing an
appropriate set of local, paracrine, factors, such as
cytokines and prostaglandins. Pluripotential mesen-
chymal stem cells are abundant in the soft tissues sur-
rounding the hip joint and these cells may be trans-
formed into osteogenic stem cells by release of an in-
ducing agent caused by the surgical trauma. In addi-
tion, the efficacy of preoperative irradiation suggests
that osteogenic precursor cells residing in the local
tissues are important for new bone formation at the
heterotopic site (Pellegrini and Gregoritch 1996). One
or several of these key steps in the bone forming pro-
cess may be affected by NSAIDs. However, NSAIDs
probably act through their well known inhibitory ef-
fects on prostaglandin synthesis, thus altering the lo-
cal environment by inhibiting the inflammatory re-
sponse to surgery and/or the differentiation of mesen-
chymal cells into osteogenic tissue.

NSAIDs given during the first postoperative weeks
are potent inhibitors of HO after total hip arthroplasty,
and are also effective in preventing the recurrence of
excised HO after previous hip surgery (Ritter and
Gioe 1982, Elmstedt et al. 1985, Ritter and Sieber
1985, Kjaersgaard Andersen and Smith 1986,
Schmidt et al. 1988, Sodemann et al. 1988, 1990,
Pritchett 1995). A number of prospective and random-
ized studies have confirmed the efficacy of NSAIDs
in preventing significant grades of HO in both ce-
mented and uncemented THR and in patients at risk
(Gebuhr et al. 1966, Wahlstrom et al. 1991, Knelles et
al. 1997, Wurnig et al. 1997), although one study with
a rather small number of patients (47) could not con-
firm this effect (Ahrengardt et al. 1994). Thus,
NSAIDs appear to be effective preventing HO. How-
ever, the mechanism of action of the drug and the

minimum treatment time required for full efficacy has
not yet been determined.

In most blinded studies—as also in ours—the tol-
erance to medication was good and drop-outs were
not more frequent in the treatment groups than in the
placebo-treated groups. Some blinded studies have
shown discontinuation of the medication in as many
as 20% of the patients treated with indomethacin,
mainly due to gastrointestinal discomfort or central
nervous effects, but similar symptoms and a similar
rate of discontinuation were noted in the placebo-
treated groups (Elmstedt et al. 1985, Schmidt et al.
1988, Gebuhr et al. 1996). In our study, no serious
side-effects that could be attributed to the treatment
were noted, except a slightly increased blood loss.
The study design included the start of medication be-
fore surgery. However, if the treatment is postponed
until surgery is completed, the blood loss would
probably not be affected at all, since there was no
difference in postoperative blood loss in the 3
groups. In most studies, the medication was initiated
on the day of surgery. In one study, it was found to be
ineffective when delayed for more than 5 days (So-
demann et al. 1988). These findings are in agreement
with an animal study, where antiinflammatory medi-
cation inhibited osteoinduction only when given in
close conjunction with the inductive procedure
(Tornkvist et al. 1985, Nilsson et al. 1986). Thus, it
seems important to start the treatment with NSAIDs
in the early postoperative period, in order to main-
tain the inhibitory effect on HO. The essential period
for bone induction (and inhibition of bone induction)
seems to be the first couple of days following the
surgical trauma—which further emphasizes the im-
portance of trauma in the initiation of the bone for-
mation process.
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The duration of treatment with NSAIDs has been
investigated in several prospective studies and it ap-
pears that treatment for more than 3 weeks does not
further reduce the incidence of HO (Gebuhr et al.
1996, Knelles et al. 1997). We found that 8 days of
treatment is just as effective in preventing HO as a
longer period of treatment. However, there was a ten-
dency towards higher grades of HO in some patients
in the group treated with ibuprofen for 8 days, indicat-
ing that this might be the lower limit for effective pro-
phylaxis. Even shorter treatment times have been
used with good results: prophylactic treatment with
tenoxicam or ketorolac for the first 5 postoperative
days resulted in reduced rates of HO (Pritchett 1995,
Gebuhr et al. 1996).

In conclusion, postoperative prophylaxis with
NSAIDs is highly effective in preventing clinically
relevant degrees of HO after THA. The treatment
should start early postoperatively and continue for at
least 8 days. It appears to be cost-effective and the
treatment of choice in patients at risk for HO.
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