RADIATION THERAPY TO PREVENT HETEROTOPIC OSSIFICATION
IN CEMENTLESS TOTAL HIP ARTHROPLASTY
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Heterotopic ossificaticn is the most frequent com-
plication in total hip arthroplasty. In this prospective
trial the influence of radiation therapy on heterotopic
ossification in cementless total hip arthroplasty was
investigated. Radiation therapy reduces the incidence
and the degree of heterotopic ossification, especially
in hips with a poor preoperative range of motion.
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INTRODUCTION

The reported incidence of heterotopic ossifica-
tion varies widely, but is found by most authors to
be over 50% with a 20-30% incidence of clinically
significant heterotopic ossification (3, 6, 7, 12, 13,
17, 24, 25, 27, 29, 30, 31, 36, 37).

Several risk factors for the development of
heterotopic ossification have been described, such
as sex and age, preoperative range of motion, the
primary disease (hypertrophic osteoarthritis, an-
kylosing spondylitis), previous hip operations,
operative technique and surgical approach (24).
Concerning the type of prosthesis, an uncemented
femoral component was associated in some way
with an increased risk of heterotopic ossifica-
tion (23).

Different modalities have been tested for the
prevention of heterotopic ossification. Prophylaxis
with nonsteroidal antiinflammatory drugs : indo-
methacin (7, 28, 29, 32), diclofenac (38), ibuprofen
(11), has been recommended. Nevertheless Cella
et al. (7) found that 37% of their patients had
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complications or adverse effects that required
discontinuation of indomethacin.

Several authors observed that biphosphonates
are less effective in the prevention of heterotopic
ossification (2, 14, 37). Typically heterotopic ossi-
fication will occur after cessation of biphosphonate
treatment.

The use of radiation therapy was developed at
the Mayo Clinic by Coventry and Scanlon (10).
They administered 2,000 cGy in 10 doses of
200 cGy. Ayers et al. (1) and Sylvester et al. (35)
decreased the total dose to 1,000 cGy in 5 fractions,
with identical results. It seems important however
to start radiation therapy a few days after surgery.

In this study we compared the incidence and
degree of heterotopic ossification in two analogous
groups of patients with totally cementless total hip
arthroplasty, with and without radiation therapy.

MATERIAL AND METHODS

One hundred and fifty-four cementless total hip
prostheses of the Zweymiiller type (39), inserted be-
tween January 1987 and December 1990, as a primary
procedure in patients with osteoarthritis of the hip,
were included. Sixteen patients had bilateral prostheses
implanted during the same period. All cemented or
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hybrid prostheses or cementless prostheses other than
the Zweymiiller were excluded. Patients with previous
hip operations, such as revision arthroplasty, and
patients with primary diseases which may influence the
formation of heterotopic ossification adversely (hyper-
trophic osteoarthritis, ankylosing spondylitis), or bene-
ficially (rheumatoid arthritis), were also omitted. Final-
ly, the records of 2 hips with a postoperative fracture
due to an accident, 3 with postoperative dislocation
and 11 with insufficient data, were eliminated.

All of the operations were performed by the same
senior surgical team, using the same routine antero-
lateral, transgluteal approach and insertion technique.

The study was prospective but for practical and
‘organizational reasons not randomized. From January
1987 through August 1988 and from August 1989
through January 1990 no prevention for heterotopic
ossification was employed. From September 1988
through July 1989 and from February 1990 through
December 1990 radiation therapy was applied. A total
dose of 1,000 cGy was administered in 5 fractions of
200 cGy starting before the fifth day after surgery.

After radioscopic outlining of the radiation field,
the dose was administered with a Cobalt 60 unit, cal-
culated at 5-cm depth. The field dimension was usually
11 X 15 cm including the proximal part of the pros-
thesis, the trochanter region and acetabulum.

Table 1 shows comparable distribution of sex and
age in both groups.

The diagnosis of heterotopic ossification was pri-
marily made with x rays. Radiographs were obtained
immediately after the operation, four months and one
year after surgery. Any visible ossification around the
area of the hip was graded according to the classification
of Brooker et al. (5) (tabl. II).

Statistical analysis was performed using the chi
square test (8).

RESULTS

Heterotopic ossification was - found in 74
(48%) of the 154 hips; only in 27 (36%) of the
75 hips which had undergone radiation therapy
but in 47 (60%) of the 79 hips without irradiation
(p < 0.005). Severe ossification (Brooker class 3
or 4) occurred in one hip (1.3%) of the 75 ir-
radiated, but in 13 of the 79 hips (16.5%) in the
group without irradiation (p < 0.005) (table III).

Of the 154 hips, 46 had a preoperative range of
motion (ROM) < 3, according to the Harris Hip
Score (16), in 32 (70%) women and 14 (30%) men.

Table 1
Material
154 cementless hips, type Zweymdiler
hips women men mean age
No radiation 79 . 54 25 64
Radiation 75 53 22 65

Table 11. — Brooker et al., 1973

Classification of
heterotopic ossification

1. Islands of bone

2. Bone spurs from pelvis and/or femur,
with at least 1cm between surfaces

3. Bone spurs from pelvis and/or femur,
with less than 1cm between surfaces

4. Bony ankylosis of the hip

Table III. — In all hips (n = 154)

Degree of ossification

No radiation n=79 Radiation n=75

29,3%

13,9% . 291%

40,5% 64,0%

[E:H class [F12 class B3 class M4 class CINo ossiﬁcation|
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Twenty-two (48%) of these hips were treated with
radiation therapy and 24 (52%) received no pro-
phylactic measures against heterotopic ossification.

In those hips with preoperative ROM = 3, with
radiation therapy, 8 hips (36%) developed hetero-
topic ossification, which is the same percentage
as in the other hips with irradiation. Severe ossi-
fication was found in 1 hip only (5%). Without
irradiation, however, 16 (67%) cases of heterotopic
ossification were observed (p < 0.05), and 8 (33%)
hips had severe class 3 or 4 heterotopic ossification
(p < 0.025) (tables IV and V).

There are no significant differences in age and
sex, between groups in our series.

Table IV. — In hips with preoperative ROM = <3 (n = 46)

Degree of ossification
No radiation n=24  Radiation n=22

20.8% 16,7% 9,1% 22,7%

33,3% 63,6%

211 class 22 class EA3 class M4 class [INo ossification

Table V. — In hips with preoperative ROM = > 3 (n = 108)

‘Degree of ossification

No radiation n=55 Radiation n=53
34,5% 32,1%

12,7%

8,1% 3,8%

64,2%

43,6%

1 class [E2 class EA3class M4 class [TINo ossification
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DISCUSSION

Cementless fixation depends upon bony in-
growth, or bony apposition, to consolidate the
initial fit and stability obtained at surgery. This
can be adversely affected by measures used to pre-
vent heterotopic ossification (33). Habermann and
his co-workers (15) compared this effect of indo-
methacin, biphosphonates and radiation therapy.

According to their study, indomethacin ad-
ministration was not associated with significant
inhibition of bony ingrowth. However, other ex-
perimental studies have demonstrated that indo-
methacin may affect bone ingrowth and biological
fixation (9, 19, 34). Maloney et al. (23) advise that
nonsteroidal antiinflammatory drugs probably
should not be used when cementless components
have been implanted.

Biphosphonates do prevent mineralization of
normal bone, resulting in osteomalacia (26), and
Habermann (15) observed no bone ingrowth at
all with the oral administration of biphosphonates.
These results suggest that the use of biphospho-
nates should be avoided with cementless fixation.

Although irradiation initially retards the in-
growth of trabeculae into a porous implant for
about two weeks, the rate of ingrowth thereafter
accelerates. The final level of bony ingrowth
appears to be unaffected by the first period of in-
hibition (15).

Apart from a possible detrimental effect on the
healing process of trochanteric osteotomies (35)
we found no reports of harmful results of radia-
tion therapy on biological fixation of prostheses.
However Sylvester et al. (35) and Maloney et al.
(23) recommend the use of external beam radia-
tion with precision shielding of the bone-implant
interface in patients who received an uncemented
component.

Jasty et al. (18) showed that with doses as low
as 1,000 c¢Gy, this method is safe and effective in
protecting areas of bone ingrowth from irradiation,
while preventing heterotopic ossification elsewhere.

Lo et al. described in 1988 (22) effective preven-
tion of heterotopic ossification with even a single
dose of 700 cGy. Therefore since 1992 we have
administrered one single dose of 750 cGy, before
the fifth postoperative day.



RADIATION THERAPY TO PREVENT HETEROTOPIC OSSIFICATION 223

Long-term effects of low-dose radiation are not
known, but Kim et al. (20) and Brady (4) revealed
no radiation-induced sarcomas with doses below
3,000 cGy.

In this study we did not use any shielding of
the bone-implant interface and could not find any
deleterious effect of radiation therapy, clinically
or radiologically, either in general or on the bio-
logical fixation of cementless implants, with a
follow-up of at least 2 years (21). No trochanteric
osteotomies were performed in our series.

CONCLUSION

Radiation therapy significantly reduced the
incidence and the degree of heterotopic ossifica-
tion after cementless total hip arthroplasty. The
use of radiation lowered the incidence of hetero-
topic ossification from 60% to 36% (p < 0.005)
and the incidence of severe ossification from 16%
to 1% (p < 0.005).

In hips with a poor preoperative. ROM there
is more severe ossification, especially in the absence
of radiation therapy. Radiation therapy seems to
be most effective in these hips : the incidence of
heterotopic ossification decreased from 67% to
36% (p <0.05) and the incidence of severe ossi-
fication from 33% to 5% (p < 0.025).
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SAMENVATTING

L. LINCLAU, G. DOKTER, J. M. DEBOIS, P. GUT-
WIRTH. Radiotherapie ter preventie van peri-articu-
laire ossificaties bij cementloze totale heup protheses.

Het optreden van peri-articulaire ossificaties is de meest
frequente complicatie bij totale heupprotheses. In deze
prospectieve trial wordt de invloed van radiotherapie
op het ontstaan van peri-articulaire ossificaties bij ce-
mentloze totale heupprotheses onderzocht. Radiothe-
rapie vermindert zowel de incidentie als de graad van
peri-articulaire ossificaties, vooral bij heupen met een
slechte pre-operatieve functie.

RESUME

L. LINCLAU, G. DOKTER, J. M. DEBOIS, P. GUT-
WIRTH. Prévention par la radiothérapie des ossifica-
tions périarticulaires aprés arthroplastie totale de hanche
sans ciment.

Les ossifications périarticulaires sont parmi les com-
plications les plus fréquentes des arthroplasties de
hanche. Cette étude prospective s’est donné pour but
d’¢valuer I'importance de la radiothérapie dans la pré-
vention des ossifications périarticulaires aprés prothése
totale de hanche sans ciment. La radiothérapie dimi-
nue lincidence et I'importance des ossifications péri-
articulaires, surtout pour les hanches avec un important
deficit fonctionnel préopératoire.



