
ORIGINAL STUDYActa Orthop. Belg., 2004, 70, 240-246

The authors have conducted a prospective cohort
study of the efficacy of a 7 days administration of
Indomethacin (n = 89) versus Meloxicam (n = 92), in
the prophylaxis of heterotopic ossification (HO) in
primary total hip arthroplasty.
To assess the interobserver variability of the Brooker
classification, all radiographs were evaluated by
three investigators.
In the Indomethacin group 25 patients developed HO
(grade I : 22 , grade III : 2 and grade IV : 1). In the
Meloxicam group 34 developed HO (grade I : 30,
grade II : 1 and grade III : 3).
We were not able to show any difference between
Indomethacin and Meloxicam in preventing hetero-
topic ossification after primary hip arthroplasty. We
found a high interobserver variability in the grading
system according to Brooker, in particular for the
higher grades(grade II, III and IV).

INTRODUCTION

Heterotopic ossification (HO) is frequently
observed after primary total hip arthroplasty. 

HO has been related to the extent of tissue trau-
ma (16), previous hip surgery (1,26), HO of the con-
tralateral hip (19,33,41), and epidural anaesthesia
(16). The incidence is higher after an anterolateral
approach compared to a posterior approach (5), and
is higher after a transtrochanteric compared to a
direct lateral approach (42) or a posterolateral ap-
proach (6). Men are more frequently affected
(1,26,33,45). There is no agreement in the literature
on the influence of cementing in THA. Some stud-
ies showed no difference (5,30,35,47), whereas

Lieberman et al (25) found more HO after cement-
ed THA in osteoarthritis, and Maloney et al found
a higher incidence in uncemented THA (8). Pulsed
lavage does not affect the incidence of HO (40).
Although HO might reduce range of motion, it
does not usually alter hip function or produce pain
(1,3) except for Brooker grades III to IV. Patient sat-
isfaction has been reported to decrease from 90%
good or excellent in patients without HO to 30%
good or excellent in the higher grades (12).

To prevent heterotopic ossification, low dose
radiation therapy (20,21,27,39,44) or non-steroidal
anti-inflammatory drugs (NSAID) may be used
(31,32). The prophylactic effect of NSAID’s for het-
erotopic ossification was first observed by Dahl (8)

who used Indomethacin as analgesic after THA.
Several other studies have illustrated the ability of
Indomethacin to prevent heterotopic ossification.
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Table I

Inclusion criteria Exclusion Criteria

Primary total hip arthroplasty Previous surgery on the same hip joint
Spinal or epidural anaesthesia Included in another study
Able to sign informed consent History of bleeding disorders
Age 18-85 years History of gastric ulcer

Rheumatoid arthritis

before anaesthesia. Anaesthesia was spinal (20 mg bupi-
vacain and 0.1 mg morphine dissolved in 4 ml saline) in
all patients.

In all patients a standard posterolateral approach
without trochanteric osteotomy was used. All patients
received antibiotic prophylaxis immediately before
surgery (one single intravenous administration of 1 gram
of Cefazolin). Thromboembolic prophylaxis consisted
in subcutaneous administration of low molecular weight
heparin (nadroparin 10.000 IE once a day) during the
first days and continued with acenocoumarol orally for
three months. All patients had a vacuum drain for one or
two days. Three days after surgery full weight bearing
was allowed. 

The Indomethacin group received a suppository of
100 mg one hour before surgery and three oral daily
doses of 50 mg the next seven days. The Meloxicam
group received a suppository of 15 mg one hour before
surgery, followed by 15 mg once a day for seven days.
No NSAIDs were permitted after this treatment period,
if necessary pain was relieved by paracetamol or mor-
phine. Despite the protocol 89 patients received their
prophylaxis only during 5 or 6 days (Indomethacin
group 19 and Meloxicam group 70). Nineteen patients
received NSAIDs during 8 to 15 days (Indomethacin
group 16, Meloxicam group 3).

Conventional anteroposterior pelvic radiographs were
made five days after surgery, after six weeks, and after
six months using the classification of heterotopic ossifi-
cation by Brooker (table II). To investigate the interob-
server variability of this classification system, 195 radi-
ographs were independently evaluated by three investi-
gators (H.v.d.H., M.S., and N.K.). To reach a consensus
on radiographs with different observer scores the three
investigators met in a joint reading. This study was not
blinded, but the investigators who classified the radi-
ographs were blinded concerning the prophylaxis the
patients had received.

When the radiographs had been scored, the medical
records were consulted to determine which medication
each patient had received and to control the length of the
treatment.
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Initially, prophylactic treatment was used for
months. More recent studies show similar results
with treatment periods ranging from 7 days to 6
weeks (4,7,17,18,20,29,36,37,41,49). Indomethacin
used for three (43) or four (11) days showed inferior
results. The frequency of side effects of Indo-
methacin cause a serious clinical problem even
with a 7-day treatment (7). 

The purpose of the present study was to deter-
mine if a selective COX-2 inhibitor would show the
same decrease in HO with fewer side effects as
compared to Indomethacin. The second aim was to
evaluate the interobserver variability of the
Brooker classification.

PATIENTS AND METHODS

This study was approved by the local ethics commit-
tee. Between January 1999 and July 2001, all consecu-
tive patients with osteoarthritis, who were scheduled for
a primary total hip arthroplasty, were eligible to partici-
pate in this study. The anaesthesiologist selected patients
for inclusion or exclusion according to criteria listed in
Table I. Randomisation of included patients was done by
the department of orthopedic research. A total of 199
patients entered the study, but 18 were excluded : one
patient appeared not to have signed the informed con-
sent, three patients did not have their operation, five
patients failed to receive prophylaxis and finally the
medication was stopped after 2 to 4 days in 1 patient in
the Indomethacin group due to the side effects and in 8
patients for unknown reasons (2 in the Indomethacin-
and 6 in the Meloxicam-group). Of the 181 patients in
this study, 86 underwent an uncemented, 37 a cemented
and 58 a hybrid arthroplasty (table V).

There were 124 women and 57 men, mean age 67
years (range 42 to 87 years). Nonsteroidal anti-inflam-
matory drugs were stopped 10 days before surgery.
Paracetamol was allowed. At the day of surgery, all
patients received 7.5 mg midazolam orally one hour
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The two groups were compared using the chi-square
test, with a set at 0.05.

Furthermore we compared these groups with a his-
toric control group, in which the patients did not receive
any prophylaxis. In all patients in this control group also
a standard posterolateral approach without trochanteric
osteotomy was used and the patients had the same
demographics and inclusion criteria. This group consist-
ed of 170 patients and has been described by Lemmens
(24). In this historic control group 76% developed HO
(19% grade 1, 28% grade 2, 17% grade 3 and 12% grade
4. We considered a placebo controlled study design
unethical taking into account the effectiveness of
NSAIDs reported in the literature (20,31).

The interobserver variability was tested by an agree-
ment analysis giving the weighted Cohen’s kappa as
measures of inter-rater agreement.

RESULTS

The results of the classification according to
Brooker are shown in table IV. In 74% (n = 146) all
observers assigned the HO to the same Brooker
grade, but for most grades II to IV the scores were
not equivalent. 

After 6 months, 59 cases (33%) showed hetero-
topic ossification. High ossification grades III or IV
were present in 6 of these cases (3%). The results
for the different groups are shown in table V.

Although most patients in the Meloxicam group
received only 5 days of prophylaxis we did not
observe a difference (p = 0.11) between the Indo-
methacin group and the Meloxicam group. How-
ever, the difference was statistically significant
between the historic control group, in which the
patients did not receive any prophylaxis against
heterotopic ossification, and both the Indomethacin
(p < 0.001) and the Meloxicam group (p < 0.001)
(fig 1).

Looking at the length of treatment in both exper-
imental groups combined we found a significant
difference (p = 0.01) between those who received
prophylaxis for five or six days, and those who
received 7 days or more. 

In 9 patients (excluded from the study : see
Patients and Methods) the medication was stopped
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Table II. – Classification of heterotopic ossification by Brooker 

Grade 0 No ossification
Grade I Isolated bone islands.
Grade II Bone spurs from the pelvis or proximal femur, the space

between opposing surface is 1 cm or more.
Grade III Bone spurs from the pelvis or proximal femur, the space

between opposing bone surface is less than 1 cm.
Grade IV Apparent bony ankylosis.

Table III. – Cases in which all investigators classified the
radiographs to the same Brooker classification, or in which

there was lack of agreement (n = 195).

Agreement Lack of agreement
(n = 145) (n = 50)

Brooker

0 115 14
I 28 29
II 1 -
III 1 6
IV - 1

Fig. 1. — The first bar represents the historical control group
not receiving any prophylaxis (24), the second and third repre-
sent the results of this study.
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after 2 to 4 days : in 1 patient in the Indomethacin
group due to the side effects and in 8 patients for
unknown reasons (2 in the Indomethacin- and 6 in
the Meloxicam-group). Two of these 9 patients
developed grade 3 HO, one in each group. 

No difference was found for cemented or unce-
mented THA. Although the prevalence of HO was
higher in men, this difference was not significant.  

Complications

One patient had a massive bleeding from a gas-
tric ulcer on the seventh day after starting Indo-
methacin, and was treated with endoscopic scle-
rotherapy and received 7 units of red blood cells. In
two patients, one in each group, a gastric ulcer per-
forated and laparotomy and closure of the perfora-
tion were performed. Both patients were Helico-
bacter Pylori negative.

In 16 patients the wound drained for more than a
week without signs of infection (6 in the Melo-

xicam group, 10 in the Indomethacin group). One
was treated surgically; the others were treated con-
servatively and received continued prophylactic
antibiotics.

One patient had a superficial wound infection,
which was treated with antibiotics. Three patients
had a deep infection ; one was treated with antibi-
otics, one with a one-stage revision and one pros-
thesis needed to be removed.

DISCUSSION

This study evaluates the effect of the selective
COX-2 inhibitor Meloxicam versus Indomethacin
to prevent heterotopic ossification after primary
THA. 

We could not detect a difference between the
two treatments. When comparing the results with a
historical control group, the difference between
both experimental groups and the historical control
group (no treatment) is significant (24). We consid-
ered a placebo controlled study design unethical
taking into account the effectiveness of NSAIDs
reported in the literature (20,31).

Given the results of this study in preventing HO
and comparable reported results (31), and given
fewer side-effects with a selective COX-2 inhibitor,
HO prophylaxis in our clinic has now been chang-
ed from Indomethacin 50 mg 3 times daily to
Meloxicam 15 mg once daily for seven days. 
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Table IV. – The weighted kappa values for the different
observers, 95% confidence interval between brackets.
OS = Orthopedic Surgeon, OR= Orthopedic Resident,

R = Radiologist

Brooker grade 0 or I Grade II, III or IV

OS versus OR 0,66 (0,53-0,80) 0,38 (0,05-0,69)
OS versus R 0,70 (0,57-0,82) 0,64 (0,43-0,85)
OR versus R 0,58 (0,44-0,72) 0,74 (0,50-0,97)

Table V. – Heterotopic ossification after primary total hip arthroplasty

Indomethacin Meloxicam Indomethacin Meloxicam Indomethacin Meloxicam Indomethacin Meloxicam
(total group) (total group) 5-6 days 5-6 days 7 days 7 days > 7 days >7 days

Number of
patients (M/F) 89 (33/56) 92 (22/70) 19 (8/11) 70 (10/60) 54 (10/44) 19 (4/15) 16 (5/11) 3 (-/3)

Type of prosthesis
(uncemented/ 37/21/31 49/16/27 8/3/8 35/13/22 24/13/17 11/3/6 8/2/6 3/-/-
cemented/hybrid)

Brooker

Grade 0 64 58 8 41 44 14 12 3
Grade I 22 30 9 26 9 4 4
Grade II 0 1
Grade III 2 3 1 2 1 1
Grade IV 1 0 1
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Kristensen et al (23) found increased periopera-
tive blood loss after the use of Indomethacin, due to
the reduction in platelet aggregation. In a subgroup
of our study group Weber et al (46) found a decrease
in per- and postoperative blood loss of 15% in the
Meloxicam group compared to the Indomethacin
group. Although Indomethacin is a powerful drug
to prevent heterotopic ossification, the high inci-
dence of side effects (31) poses a clinical problem.
Knelles et al (20) showed 22 % side effects result-
ing in study withdrawal of 2.2 %. Cella et al (7)

revealed contraindications to Indomethacin in
19 % of patients, and one third of their patients
were withdrawn from the study. It seems the treat-
ment period of one week with Indomethacin is the
shortest effective period (43). Because of the side
effects accompanying Indomethacin, several other
NSAIDs have been studied. Naproxen for 8 days
or 4 weeks (13,14), or Tenoxicam for 5 days and 6
weeks (6) have the same prophylactic effect as
Indomethacin. Ibuprofen used for 5 (22) or 10 (2)

days shows less favorable results, but after three
weeks of Ibuprofen the effect is comparable to that
of Indomethacin (34,41).

In recent years COX-2 selective inhibitors have
been developed, with less side-effects and the same
pain reducing effects (9,10,15,38).

In our study we found a 74% agreement and a
weighted kappa ranging from 0.58 to 0.70 for grade
0 and I and from 0.38 to 0.74 for grade II, III or IV.
In general kappa values between 0.4 and 0.7 are
considered to show a fair to good interobserver reli-
ability. 

To our knowledge the only study describing the
reliability and validity of the Brooker classification
shows 68% agreement and a weighted kappa of
0.57 (48). That study based on 77 radiographs does
not give the prevalence of HO, furthermore no dis-
tinction is made between the inconsistencies
between the different grades.

Although the Brooker classification has been
used in most studies, we found a high interobserv-
er variability, particularly for the high grades
(grade II, III and IV), but also in some grade 0 and
grade I cases with very small bone islands around
the greater trochanter. Even small pieces of bone in

the greater trochanter region on the radiograph six
months after surgery, which were not present on the
direct postoperative radiograph, were scored as
grade I. In the six radiographs showing grade III
and IV ossification, the three observers agreed
there was a significant ossification, but there was
no agreement on the presence of a bony ankylosis. 

CONCLUSIONS

Although we found no difference between the
Meloxicam group and the Indomethacin group in
preventing HO, this study lacks the power to show
that the results of the two different prophylaxes are
the same. In order to have a chance to demonstrate
that both treatments have similar effects, we would
have needed 1621 patients (with alpha at 5% and
beta at 20%). When comparing the results with a
historical control group, which did not receive pro-
phylaxis for HO, the difference for both treatments
is significant, even though the majority of the
patients in the Meloxicam group received their pro-
phylaxis for only five days. Because of the fewer
side effects shown in other studies and comparable
results in preventing HO, the HO prophylaxis in
our clinic has now been changed from Indo-
methacin 3 times daily 50 mg to Meloxicam 15 mg
once daily for seven days.

Although we found a high interobserver vari-
ability in the grading system according to Brooker
especially for grade II to IV, these kappa values are
still considered to show a good reliability.
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