HETEROTOPIC OSSIFICATION
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Heterotopic ossification is the most frequent com-
plication of total hip arthroplasty. When formed in
the para-articular tissues, it may cause pain and
restriction of hip motion. The present article exten-
sively reviews the current literature on heterotopic
ossification following total hip arthroplasty with
regard to epidemiologic factors, clinical presentation
and possible pathogenesis. Preventive measures are
emphasized. Postoperative treatment with radiation
and nonsteroidal antiinflammatory drugs have
yielded good results in the prevention of heterotopic
ossification. On the other hand, biphosphonates were
ineffective. In comparison with radiation therapy,
prophylaxis with nonsteroidal antiinflammatory
drugs gave better results. Further research is still
needed to define the most effective and safe med-
ication regimen.
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SAMENVATTING

H P HU T J. J. H. SLOOFF en J. R. VAN
HORN. Heterotope ossificaties na totale heup
arthroplastieken : een literatuuroverzicht.

Het ontstaan van heterotope ossificaties in de peri-
articulaire weke delen is de meest voorkomende
complicatie van totale heup-vervangingsoperaties en
kan aanleiding geven tot pijnklachten en een ver-
minderde heupfunctie. In dit artikel wordt het op-
treden van heterotope ossificaties na totale heup
arthroplastiecken behandeld aan de hand van een
uitgebreide literatuurstudie. Naast epidemiologische,

klinische en etiologische aspecten, wordt ruime aan-
dacht besteed aan preventieve maatregelen. Goede
resultaten in de preventie van heterotope ossificaties
zijn geboekt met postoperatieve bestraling en toe-
diening van non-steroidale anti-inflammatoire mid-
delen. De biphosphonaten blijken echter ineffectief
te zijn. In vergelijking met bestraling lijkt non-
steroidale anti-inflammatoire therapie minder nade-
len op te leveren. Verder onderzoek is vereist om
de juiste medicatie-kuur en dosering vast te kunnen
stellen.

RESUME

H P HU T J J H SLOOFFetJ. R. VAN HORN.
Ossifications hétérotopiques aprés arthroplastie totale
de hanche : revue de la littérature.

Les ossifications hétérotopiques postopératoires
constituent la complication la plus fréquente apres
arthroplastie totale de hanche et peuvent donner lieu
a des douleurs et & une limitation fonctionnelle.

Les auteurs ont passé en revue une abondante
littérature publiée a ce sujet. Aprés une étude des
aspects épidémiologiques, cliniques et étiologiques,
ils s’attachent a la prévention. De bons résultats sont
obtenus par l’irradiation postopératoire et I’adminis-
tration d’anti-inflammatoires non-stéroidiens. Les
biphosphonates semblent dépourvu d’effet réel. Par
rapport a l'irradiation, les anti-inflammatoires non-
stéroidiens présentent moins d’inconvénients. Une
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étude ultéricuse sera nécessaire pour définir avec
précision la durée et le dosage du traitement.

INTRODUCTION

Early reports on the results of total hip replacement
focused mainly on postoperative infection and
implant loosening, while heterotopic ossification
(H.0.) was dismissed as a matter of only academic
interest (23). Nowadays, it is generally accepted
that the formation of heterotopic bone may affect
the result of even a well-performed surgical proce-
dure. Hip function may be completely restricted
by the development of a bone bridge between
proximal femur and lower pelvis, but even small
amounts of heterotopic bone may already cause
pain and decreased mobility (54).

The etiology of this complication is still not
completely understood, but it is obvious that the
process of de novo bone formation is initiated by
the surgical procedure. Moreover, certain individ-
uals are more prone to develop this complication
than others. The only possible treatment for
established H.O. is surgical excision, but the
recurrence rate is extremely high (29, 31, 81).
Preventive measures include postoperative treat-
ment with biphosphonates, radiation and non-
steroidal antiinflammatory drugs (NSAIDs). No
consensus on the management of H.O. has been
reached, although the increased interest in H.O.
and its prevention has resulted in numerous and
divergent publications, which we review here.

INCIDENCE

The reported incidence of H.O. following total hip
arthroplasty varies widely. Whereas some studies
have revealed an incidence of 8% (7, 56), other
series have shown much higher frequencies. An
incidence as high as 90% was found by Rosendahl
et al. (85). A review of these incidences is listed
in table I. This wide range in frequency may be
explained by the use of different criteria for patient
selection, varying follow-up periods, and multiple
classification systems. Furthermore, minor ossifi-
cations were certainly often overlooked in studies
which were not mainly concerned with H.O.
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Recent studies, dedicated specifically to the prob-
lem of H.O. following total hip replacement, may
give a more reliable incidence. In all of them,
ossifications were found in 60 to 75% of the cases
4, 22, 34, 89, 91, 92, 101). Significant amounts
of heterotopic bone, consistent with the highest
classes of the gradation systems used, were formed
in an average of 25%. This implies that H.O. is
the most frequent complication of total hip arthro-
plasty.

CLINICAL FEATURES

Although the diagnosis of H.O. is confirmed by
radiographic evaluation, some early clinical signs
and symptoms may indicate the possibility of this
complication. Persistent postoperative pain in the
affected hip has often been associated with the
formation of heterotopic bone (21, 41, 42, 66, 69,
100). According to Nollen and Slooff (69) the
character of this pain is different from that of
normal wound pain. Other authors have men-
tioned prolonged pyrexia as an accompanying
clinical symptom (41, 44), as well as reddening
of the overlying skin (42). Once the process of
bone formation has stabilized, pain is no longer
a feature (29, 54, 66, 81, 91).

It is generally agreed that large and bridging
ossifications may restrict hip motion (2, 4, 21, 23,
29, 42, 43, 44, 47, 59, 66, 69, 79, &1, 91), but it
is not clear whether the functional result is affected
by all degrees of heterotopic bone. Kromann-
Andersen et al. (54) stated that even small amounts
reduce the range of hip motion, and that this
reduction is directly proportional to the degree of
ossification.

Rosendahl ez al. (85) introduced Trendelenburg’s
sign as a measure of the degree of H.O. They
assumed that heterotopic bone is usually formed
in the gluteus medius and would cause weakness
of this muscle, Ahrengart et al. (4), however, found
a negative correlation at 6 weeks postoperatively,
while hip muscle strength appeared to be unaf-
fected.

LABORATORY TESTS

Laboratory tests are usually of little value in
diagnosis. The erythrocyte sedimentation rate
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(ESR) and the white blood cell count (WBC) are
within normal range, and are useful only to
distinguish this complication from postoperative
infection (42, 54, 69, 98). However, in the study
of Kjaersgaard-Andersen et al. (52) patients with
severe ossifications had a significantly elevated
ESR at 6 and 12 weeks post operation, indicating
that an inflammatory process is part of the
development of the complication. Furthermore, a
correlation with increased serum alkaline phos-

phatase activity has been found at 3 weeks
postoperatively (69), while a distinct rise above
250 TU/1 at 12 weeks postoperatively was consid-
ered as a predictor of severe ossifications (51).
However, the prospective study of Mollan (65) did
not support these findings. Measurements of serum
calcium, phosphate and muscle enzymes such as
creatinephosphokinase or lactodehydrogenase give
no additional information (69).

Table I. — Incidence of heterotopic ossification following total hip arthroplasty

Minimal period No. of Total incidence | Significant

Series of follow-up operations of H.O. (%) H.O. (%)
Amstutz 1970 1y. 50 8 ns.
Hamblen and Harris 1971 ns. 422 20 3%
Charnley 1972 4 y. 379 ns. 5(9)
Brooker et al. 1973 6 mo. 100 21 9 (3
Nollen & Slooff 1973 1y. 200 53 7 (9)
Johnston 1973 ns. 326 12 2 (9
Lazansky 1973 6 mo. 501 8 0.5 (9
Hanslik & Radloff 1974 1y. 356 36 7 (%)
Matos et al. 1975 ns. 221 41 13 (d)
Ornshold & Esperen 1975 ns. 121 45 6 (9)
Caron 1976 ns. 2424 35 7 (9)
Delee et al. 1976 1y. 2173 15 11 (5
Riegler & Harris 1976 4 mo. 102 50 9 (9)
Salvati er al. 1976 1y. 100 39 39
Taylor et al. 1976 6 mo. 370 36 59
Rosendahl ef al. 1977 2y 70 90 24 (9
Jowsey et al. 1977 1y 224 ns. 12 (9)
Ritter & Vaughan 1977 2y 507 30 2 (v
Beckenbaugh & Ilstrup 1978 4y 255 ns. 5(%)
Mollan 1979 2y. 131 18 ns.
Kromann-Andersen et al. 1980 3 mo. 356 49 17 (¢)
Blasingame ez al. 1981 1y 69 81 17 (®
Hierton et al. 1983 3y. 237 ns. 24 (4)
Morrey et al. 1984 ns. 507 78 27 (9
Errico et al. 1984 6 mo. 100 58 17 (9
Bundrick e al. 1985 5y. 236 64 14 (&
Thomas & Amstutz 1985 3y. 200 66 18 (®)
Ritter & Sieber 1985 5. 525 26 1 (b)
Soballe ez al. 1988 5y. 129 63 44 ()
Schmidt et al. 1988 ly. 99 73 48 (9)
Sodeman et al. 1988 ns. 150 67 23 ()
Testa & Mazur 1988 6 mo. 90 60 11 (3
Fahrer et al. 1988 5y. 204 62 15 (3)
Cella et al. 1988 6 mo. 64 67 11(®
Ahrengart et al. 1989 1y. 145 75 21 (3

Significant ossifications were defined as those consistent with the highest classes of the gradation system
used ; (2) = Brooker III-IV, ()= Hamblen 3, (9= Delee 2-3, and (¢) = author’s own classification

(ns. = not stated).
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RADIOLOGY

The definite diagnosis of H.O. is made radio-
graphically. The first signs are seen 2 to 3 weeks
postoperatively as vague opacities in the soft
tissues of the gluteal region, where they may be
easily overlooked (69). At 6 to 12 weeks postop-
eratively, most of the cases may be diagnosed by
increased density of the newly formed bone (25,
81), and after 1 year the formation and maturation
of most cases will have stabilized (29, 91). It has
been demonstrated, though, that ossifications may
increase up to 5 years postoperatively (54).

To classify the extent of heterotopic bone on AP-
radiographs, more than 15 different classifications
have been developed. In general, they divide H.O.
into 3 to 5 classes according to its volume,
localization, restrictive effect on motion, or a
combination of these factors. The most commonly
used classification has been proposed by Brooker
et al. (18). They use 4 numerical classes, in which
the heterotopic bone is classified mainly according
to its restrictive effect on hip function (fig. 1). The
most important difference is found between
Class II and Class 11T ossifications, where the gap
between the opposing bone surfaces is larger or
smaller than 1 cm. Although arbitrary, the crite-
rion is useful to identify the more severe ossifi-
cations. The volume of heterotopic bone, however,
is not taken into account, so that both very large
and very small ossifications may be classified as
equal. Therefore, the classification system of
Hamblen and Harris (41) has been adopted by
several authors for further evaluation of soft tissue
involvement (9, 22, 58, 72). In combination with
the classification of Brooker, the amount of H.O.
can be assessed as involving less than 1/3 (grade 1),
between 1/3 and 2/3 (grade 2), or more than 2/3
(grade 3) of the soft tissues around the hip. In this
way, the restrictive effect of H.O. as well as its
volume can be diagnosed in a convenient way.
Another frequently used classification system is
that of Delee et al. (29), in which the amount of
H.O. is graded as occupying less or more than
50% of the distance between acetabulum and
femur (Class 1 & 2), or as a bridging ossification
(Class 3).
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HIGH RISK FACTORS

Gender and age

Males are more at risk to develop H.O. than
females (29, 44, 54, 56, 59, 66, 81, 91, 92). In the
study of Delee et al. (29), the incidence was
distributed over both sexes in a ratio of 2 to 3
males to 1 female. Although this may result from
a genetic predisposition, it can also be explained
by surgical difficulties. Males generally have greater
muscle bulk, and may require a more traumatic
surgical approach (44), and a more aggressive
rehabilitation program (42). The positive correla-
tion with high body weight (21, 44) supports this
assumption. Salvati et al. (86), however, could not
find a correlation with gender, and Riegler and
Harris (79) reported that the clinically serious
ossifications were more frequently found in fe-
males.

Hierton et al. (44) have reported that advanced
age may be a risk factor, but other workers could
find such a positive correlation only in women
above 65 years (4, 56).

Primary disease

The primary disease that necessitates total hip
replacement may be an important determinant of
the occurrence of H.O. An increased incidence is
found in hips that are stiffer preoperatively, and
in hypertrophic osteoarthritis with formation of
extensive marginal osteophytes (4, 29, 56, 59, 81).
A higher incidence is also found in diseases with
an “ossifying diathesis”, such as DISH (Diffuse
Idiopathic Skeletal Hyperostosis) (15, 34), and
ankylosing spondylitis (14, 47, 81, 100). Both
conditions are more or less associated with certain
HLA antigens, but in H.O. no correlation with
HILA antigens has been detected (39, 60, 53).
Remarkably, patients with rheumatoid arthritis
(although not ankylosing spondylitis) have shown
lower incidences of H.O. compared to patients
with osteoarthritis (29, 44, 69, 81, 100). It is
strongly suspected that the frequently used
NSAIDs, which are effective inhibitors of H.O.,
have contributed to the low incidence in this group
of patients.
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Fig. 1. — Classification of heterotopic ossification according to Brooker er al. (1973).
— Class I : Islands of bone within the soft tissue around the hip.

— Class II: Bone spurs from the pelvis or proximal end of the femur, leaving at least one centimeter between opposing
bone surfaces.

— Class III : Bone spurs from the pelvis or proximal end of the femur, reducing the space between opposing bone surfaces
to less than one centimeter.

— Class 1V : Apparent bone ankylosis of the hip.
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Previous procedures

The incidence of H.O. is increased in total hip
arthroplasties after previous hip procedures (18,
79). Delee et al. (29) supposed that previous hip
surgery was a risk factor only if that surgery was
followed by the formation of heterotopic bone.
In their study, 22 patients with H.O. following
previous hip procedures all showed recurrence
after hip replacement and resection of the ossi-
fications. Other authors have found similar re-
currence rates (33, 81).

Another interesting phenomenon is that patients
with previous H.O. after his arthroplasty are at
very high risk to develop the complication after
contralateral total hip replacement (59, 69, 81, 91,
92).

Type of prosthesis and surgical approach

It is not clear whether the type of prosthesis
seriously influences the development of H.O.
Although some authors have reported a positive
correlation with the CAD prosthesis (44) and the
Charnley prosthesis (81), no significant differences
can be derived from other studies (18, 43, 79). On
the other hand, cup-arthroplasty has shown a
higher incidence than total hip replacement (13,
41). Hamblen and Harris (41) have suggested that
this was caused by the anterior Smith-Petersen
approach, which leads to greater trauma from
prolonged muscle ischemia and muscle damage
than the lateral approach. Likewise, Rosendahl ez
al. (85) assumed that the high incidence of H.O.
in their study (90%) was caused by the McFarland-
Osborne procedure with stripping of the perios-
teum of the greater trochanter.

Trochanteric osteotomy has also been implicated
in H.O. (32, 69, 71, 76, 103). Morrey et al. (66)
compared the anterolateral, transtrochanteric and
posterior approach in relation to H.O. Although
a slight increase in the incidence of bridging
ossifications was observed with the transtrochan-
teric route, no significant differences could be
detected among the three surgical approaches.
Testa and Mazur (101) found similar results after
comparison of the direct lateral and the trans-
trochanteric approach.
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Peri- and postoperative complications

Factors implicated in the perioperative period
include difficult surgical exposures (21, 79), long
operations (21, 44, 91), and increased blood loss
(91). Postoperatively, the formation of wound
hematoma (21, 79), superficial and deep wound
infection (21, 73, 86), and dislocation of the
prosthesis (7, 47), especially when this occurs in
the first week postoperatively (10), have been
shown to increase the risk of H.O. These com-
plicating factors also indicate the important role
of tissue trauma in the formation of heterotopic
bone.

In conclusion, the presence of various individual
and perioperative factors may have important
consequences for the development of H.O. follow-
ing total hip arthroplasty. The typical high-risk
patient is a male with limited preoperative hip
motion and osteoarthritis with extensive marginal
osteophytes or DISH or ankylosing spondylitis.
He has had previous ipsilateral hip surgery or has
developed H.O. after contralateral hip arthro-
plasty, while the present procedure was difficult
and attended by extensive tissue trauma.

PATHOGENESIS

There is no doubt that surgical intervention is a
prerequisite for H.O. to occur. However, it remains
unknown exactly how the process of bone for-
mation is activated. H.O. involves the formation
and mineralization of bone matrix at extraskeletal
sites. The final product shows a lamellar bone
structure with secondary Haversian systems and
hemopoictic bone marrow (21, 47, 69), but may
have a higher metabolic activity than normal bone
(77). Distinction must be made from heterotopic
calcification, which refers to the precipitation of
calcium-phosphate crystals in extraskeletal tissues
as a function of the local pH and the concentration
gradients (47).

For the formation of bone matrix, the presence
of osteoblasts at the site of ossification is necessary.
These osteoblasts originate from mesenchymal
precursor cells by cellular differentiation. On the
basis of his experiments with transitional epithe-
lium-induced bone, Friedenstein (38) postulated
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that there are two types of osteogenic precursor
cells : determinated and inducible ones. The de-
termined osteogenic precursor cells (DOPC) are
found only within the stromal tissue of bone
marrow and have the capacity to differentiate into
bone forming cells at other sites without any
stimulus. The inducible osteogenic precursor cells
(IOPCQ), on the other hand, need a certain inducing
agent to display their osteogenic activities. The
IOPC are not only present in bone-marrow tissue,
but can also be derived from the connective tissue
framework of muscles and tendons, and the
peripheral blood circulation. Several authors have
suggested that the dispersion of bone-marrow
particles, and therefore the DOPC, into the op-
eration wound elicits the process of H.O. (16, 24,
78). However, this hypothesis appears less likely
when H.O. occurs in the gluteus medius muscle ;
it is improbable that the marrow particles reach
the center of this muscle (3).

Other authors have proposed that uncommitted
mesenchymal cells, corresponding to the IOPC,
are responsible for H.O. (25, 47). These cells are
already present at the site of ossification, and turn
into bone forming cells after receiving an adequate
stimulus. Experimental studies have revealed an
increasing number of regulating factors for the
proliferation and differentiation of osteogenic pre-
cursor cells. Among them are bone morphogenetic
protein (BMP) and a variety of growth factors
(108). The release of such a stimulating factor
during surgery may initiate the IOPC and therefore
H.O. However, the magnitude of the stimulus and
the biological responsiveness to the stimulus are
of great importance, so that the extent of bone
formation depends on the interaction between
them (92). With regard to risk factors, it may be
assumed that this interaction is influenced by the
individual constitution and the degree of operation
trauma.

In Fig. 2, the possible pathways of the pathogenesis
of H.O. following total hip arthroplasty are sum-
marized.

THERAPY

No therapy is recommended for asymptomatic
cases. The only treatment for established H.O.

which leads to pain or functional impairment
consists of surgical removal. The newly formed
bone, however, must be mature before excision
to reduce the risk of recurrence. Although the
degree of maturity can be estimated on postop-
erative radiographs, the serum alkaline phospha-
tase level and especially the bone scan are more
reliable indicators (104). Nevertheless, the recur-
rence rate after excision of H.O. still remains very
high. Fahmy and Wroblewski (33) have found that
the ossification recurred in 21 out of 23 revision
cases (91%), and usually in greater amounts.
Similar findings have been reported after resection
of H.O. in patients with spinal cord injury (40).
Since free fat transplants may prevent excessive
scarring of the dura mater after laminectomy
operations (55), Riska and Michelsson (80) intro-
duced this technique to prevent the recurrence of
H.O. after resection. Although they and subse-
quently Abrahamsson et al. (1) obtained good
results with this method, the number of patients
in their studies (7 and 4, respectively) is too small
to draw definite conclusions.

SURGERY
|
BONE MARROW STIMULUS
DISPERSION . X
epredispostion
l - sdegree of
tissue trauma

DOPC—— OSTEOBLAST «—IOPC

BONE MATRIX

mineralization

HETEROTOPIC OSSIFICATION

Fig. 2. — Possible pathways of heterotopic ossification
following total hip arthroplasty. Surgical intervention may
activate the process of bone formation by the dispersion of
bone-marrow particles containing determinated osteogenic
precursor cells (DOPC), or by producing a stimulus for the
inducible osteogenic precursor cells (IOPC) present in the
connective tissues. The response of the IOPC to the stimulus
probably depends on the individual constitution and the
degree of tissue trauma. Subsequently, the mesenchymal
precursor cells differentiate into osteoblasts, which produce
bone matrix. After mineralization and maturation, heterotopic
bone with the same structure as normal bone is formed.
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Other therapies, such as medication with cortico-
steroids or biphosphonates, are ineffective in es-
tablished ossification. Therefore, this complication
should be managed by prophylactic measures.

PREVENTION

In view of the role of tissue trauma in the
pathogenesis of H.O., prevention must be started
during the surgical procedure. The tissues must
be handled with care, and the operation wound
should be carefully cleansed of bone-marrow
particles and bony splinters. Additional preventive
measures are recommended in patients at risk for
H.O. Nowadays, pharmaceutical agents such as
biphosphonates and nonsteroidal antiinflamma-
tory drugs, and radiation therapy have become
available for this purpose.

Biphosphonates

Based on the initial reports on the use of HEBP
(1-hydroxy, ethylidene-1,1-biphosphonate, former-
ly HEBP) in myositis ossificans progressiva (11)
and Paget’s disease (90), this compound was tried
in the prevention of H.O. following total hip
arthroplasty (13, 69). The principal pharmacologic
action of HEBP and other biphosphonates consists
of a reduction of bone mineralization and bone
resorption (37, 46, 49, 87), and it was thought that
these effects would also influence the formation
of H.O.

Bijvoet ef al. (13) have found that the radiological
appearance of ossifications was significantly less
in HEBP-treated patients. However, after the
discontinuation of the treatment, the incidence of
H.O. rapidly approached that of untreated pa-
tients. Nevertheless, it was believed that with
HEBP treatment the ossifications were less painful
and caused less functional impairment. Similar
findings have been reported by other authors (35,
36, 95, 97).

Since the effect of HEBP is only evident during
its administration, prolongation of the postoper-
ative treatment from 3 to 6 months has been
proposed (35, 95). However, this would seriously
increase the risk of adverse effects, especially
osteomalacia. The results of the study of Thomas
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and Amstutz (102) strongly discourage the use of
HEBP for the prevention of H.O. In treated
patients, both the incidence and amount of hete-
rotopic bone appeared to be increased, while
neither the range of motion nor the ratings for
pain were significantly affected. Plasmans er al.
(74, 75) have demonstrated that HEBP does not
inhibit the formation of experimentally-induced
heterotopic bone matrix, but only delays its
mineralization. Therefore, the initially formed
H.O. can not be detected radiographically until
mineralization occurs after discontinuation of the
HEBP medication. These findings, together with
the clinical results, indicate that preventive treat-
ment with HEBP is ineffective.

Radiation therapy

Coventry and Scanlon (26) introduced radiation
therapy to prevent H.O. following total hip ar-
throplasty. The rationale for this therapy is that
irradiation destroys the precursors of bone-forming
cells, and may arrest the process of H.O. in an
early stage of bone formation. Their treatment
consisted of a total dose of 2,000 rads, delivered
in 10 fractions over a period of 12 days. Although
the occurrence of ossifications was not prevented
in all cases, the heterotopic bone formed after
irradiation was significantly less severe. When
started too late, no effect from postoperative
radiation therapy can be expected. Similar results
are reported by other workers (19, 61, 72, 110).
Apart from an increased risk of malignancy,
irradiation may have a detrimental effect on the
healing process of trochanteric osteotomies. Non-
union has been reported to occur in 11 to 43%
of the cases (26, 72). To reduce these risks, Ayers
et al. (9) lowered the total dose of 2,000 rads to
1,000 rads, given in 5 fractionated portions. This
low dose was as effective in preventing H.O. as
the higher dose (8, 17, 99). Moreover, even a single
dose of 700 rads, given within 3 days postoper-
atively, effectively replaced the higher fractionated
courses (58). Important benefits of this single-dose
method include less manipulation of the patient
directly after surgery and a reduction in the costs
and length of hospitalization.
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NSAIDs

The nonsteroidal antiinflammatory  drugs
(NSAIDs) are frequently used in rheumatic dis-
eases to relieve pain and to restore mobility. The
use of these drugs, especially indomethacin, in the
prevention of H.O. is based only on empirical
findings. Dahl (27) was the first to observe that
analgesic therapy after total hip replacement with
indomethacin reduced the occurrence of H.O.
Subsequently, Almasbakk and Roysland (6) stu-
died the effect of indomethacin on 27 total hip
arthroplasties compared to 54 nontreated hip
replacements. Indomethacin, given in a dose of
25 mg 3 times daily during 4 postoperative weeks,
significantly decreased the incidence and severity
of H.O. Similar results with indomethacin pro-
phylaxis were obtained in several other studies on
high-risk patients (22, 50, 82, 83, 93). Also in
patients undergoing resection of H.O. after pre-
vious total hip replacements, the recurrence of
H.O. was effectively prevented by indomethacin
(50, 57, 82, 88, 94, 96).

Clear evidence can be derived from a double-blind
trial of Schmidt ez al. (89). Of the 201 patients
involved, 102 patients received indomethacin in a
dose of 25 mg 3 times daily for 6 weeks after hip
replacement, while the remaining 99 patients only
received a placebo. One year postoperatively, the
group of treated patients showed an incidence of
H.O. of 13% (all Delee Grade I), whereas the
placebo-treated patients revealed a total incidence
of 72%, of which 18% were bridging ossifications
(Delee Grade I1I).

Likewise, NSAIDs other than indomethacin have
proved their effectiveness in the prevention of
H.O. following total hip arthroplasty. Ibuprofen,
administered in a dose of 400 mg 3 times daily
for the first 3 months postoperatively, gave favor-
able results (30), as did diclofenac (111). Effective
salicylate prophylaxis in children with head injuries
has been reported by Mital et al. (64). Hence, it
is clear that the postoperative administration of
indomethacin and other NSAIDs is a successful
means of prevention of H.O. following total hip
arthroplasty.

The mode of action by which NSAIDs interfere
with the process of heterotopic bone formation

remains speculative. Experimental studies have
demonstrated that indomethacin delays fracture
healing and bone remodelling (5, 31, 84) and
decreases bone formation on implantation of
demineralized bone matrix (67, 68, 105, 106). It
was assumed that the antiinflammatory properties,
due to the inhibition of prostaglandin synthesis
(109), were mainly responsible for these effects of
indomethacin. The initial inflammatory reation
following fracture trauma and implantation of
bone matrix is diminished. As a result, fracture
repair and bone induction are disturbed. Alter-
naticely, it was presumed that a decrease in
prostaglandins may affect the proliferation of
mesenchymal cells necessary for bone formation
(28, 31).

The inhibitory effect of indomethacin and other
NSAIDs on H.Q. following total hip replacement
may be explained in a similar way. These drugs
diminish the immediate postoperative inflamma-
tory reaction, which may play an important role
in activating the process of bone formation by
recruiting osteogenic mesenchymal cells or by
sensitizing them to an inductive stimulus (93). An
important consequence of this assumption is that
effective prophylactic treatment with NSAIDs
must be started in the recovery room or even
before operation, This is supported by a study on
induced H.O., in which indomethacin reduced
bone formation only when administered before or
at the beginning of the experiment (106). Further-
more, the treatment period of 6 weeks or longer
may be shortened. Indeed, a postoperative treat-
ment for 3 weeks has been shown as effective as
the longer treatment periods (93). A recent study,
in which indomethacin was administered for 10
postoperative days, indicates that the duration
may be shortened even further (62).

Despite the convenience of this type of prophy-
laxis, it should be noted that NSAIDs may exert
undesirable effects. Cella et al. (22) found that one-
third of their patients at high risk for H.O. could
not safely receive or tolerate indomethacin. Most
adverse reactions involve the gastrointestinal tract
and the central nervous system, but the NSAIDs
may also inhibit platelet aggregation and interact
with protein-bound anticoagulants, resulting in an
increased bleeding time. Hence, these drugs should
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be administered with caution in patients with a
history of peptic ulceration or who are receiving
antigcoagulant or thrombolytic agents. Further-
more, it has been demonstrated that NSAIDs may
affect bone ingrowth in laboratory animals (48),
and it is feared that the same may happen in
uncemented bone-ingrowth prostheses. On the
other hand, no deleterious effects of indomethacin
and other NSAIDs on the union of trochanteric
osteotomies have been encountered to date (30,
82, 83).

CONCLUSIONS

H.O. is certainly the most frequent complication
of total hip arthroplasty ; the total incidence is
60 to 75%, while significant amounts of heterotopic
bone are formed in approximately 25% of all
cases. The pathogenesis is still not understood, but
it is presumed that the stimulus for H.O. is elicited
by surgical intervention. The response of osteo-
genic mesenchymal cells to this stimulus largely
depends on the extent of tissue trauma with its
inflammatory reaction and on the individual con-
stitution.

Since severe ossifications can only be treated by
removal on reoperation, the use of prophylactic
measures is justified in high-risk patients. In this
respect, irradiation and NSAIDs have revealed
favorable results in the prevention of H.O., most
probably by interference. with the early stage of
bone formation. On the other hand, preventive
treatment with biphosphonates has been shown
to be ineffective. In comparison to radiation
therapy, the administration of NSAIDs has several
advantages ; it does not require manipulation or
transportation of the patient in the postoperative
period, and it is inexpensive. Furthermore,
NSAIDs do not increase the risk of malignancy,
and appear to have no effect on the union of
trochanteric osteotomies. However, care should be
taken when NSAIDs are administered in combi-
nation with anticoagulants, and in patients with
a previous history of peptic ulcers.

The effective preventive dose of indomethacin is
25 to 50 mg 3 times daily, given directly after
operation and continued for 3 weeks. Probably,
the same preventive effect could be obtained with

Acta Orthopaedica Belgica, Vol. 57 - 2 - 1991

a shortened treatment duration or a lower dosage.
This would also decrease the adverse effects.
Moreover, it must be decided whether NSAIDs
can be used prophylactically in the same way as
antibiotics in total hip replacements. Further re-
search is needed to answer these questions and
to define the most effective and safe medication
regimen. In order to reach this goal, it is essential
to elucidate the pathogenesis of H.O. Besides
clinical studies, experimental studies, in which
H.O. is induced by implantation of demineralized
bone matrix (107) or by trauma (63), may be very
useful.
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