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PREVENTION OF HETEROTOPIC OSSIFICATION ABOUT THE HIP:
FINAL RESULTS OF TWO RANDOMIZED TRIALS IN 410
PATIENTS USING EITHER PREOPERATIVE OR
POSTOPERATIVE RADIATION THERAPY

AXEL GOLDMANN, M.D.,* RAINER WOLFEL, M.D..} FRIEDRICH HENNING, M.D.$
AND ROLF SAUER, M.D.*

Alfried Krupp von Bohlen und Halbach Hospital, 45117 Essen-Riittenscheid, Germany

Purpose: Experimental and clinical data support effectiveness of perioperative radiotherapy to prevent hetero-
topic ossification after hip surgery or trauma. Since 1987, two prospectively randomized trials were performed
in patients with high-risk factors to develop heterotopic ossification: the first (HOP 1) to assess the prophylactic
efficacy of postoperative low vs. medium dose radiotherapy, and the second (HOP 2) to assess the prophylactic
efficacy of pre vs. postoperative radiotherapy.

Methods and Material: 410 patients with high risk to develop heterotopic ossifications about the hip following
hip surgery were recruited. Between June 1987 and June 1992, 249 patients were randomized in HOP 1 to
postoperative **low dose’’ (5 X 2 Gy: total: 10 Gy) or **medium dose’’ (5 X 3.5 Gy; total: 17.5 Gy) radiotherapy.
Between July 1992 and December 1995, 161 patients were randomized in HOP 2 to either 1 X 7 Gy preoperatively
(=4 h before surgery) or 5 X 3.5 Gy (total: 17.5 Gy) postoperatively (=96 h after surgery). With exception of
age and type of implant (cemented vs. uncemented prosthesis) all confounding patient variables (gender, prior
surgery) and predisposing risk factors were similarly distributed between both trials and treatment arms. Portals
encompassed the periacetabular and intertrochanteric soft tissues. Radiographs were obtained prior and imme-
diately after surgery and at least 6 months after surgery to assess the extent of ectopic bone formation about the
hip. Modified Brooker grading was used to score the extent of heterotopic ossification. Harris scoring was applied
to evaluate the functional hip status. If the scores decreased from immediate post or preoperative status, respec-
tively, to the last follow-up, radiological or functional failures were assumed.

Results: Effective prophylaxis was achieved in 227 (91%) hips of HOP 1 and in 142 (88%) of HOP 2. In
HOP 1, 15 (11%) radiological failures were observed in the low-dose group compared to 7 (6% ) in the
medium dose group (p > 0.05). In HOP 2. 4 (5% ) radiological failures were observed in the postoperative
and 11 (19%) in the preoperative group (p < 0.05). Subgroup analysis of the preoperative group revealed
that the highest failure rate occurred in patients with prophylactic radiotherapy prior to removal of ipsilat-
eral Brooker Grade III and IV ossification (39%) (p < 0.001), while all other patients in the preoperative
group had a failure rate that was comparable to postoperative treatment groups. In multivariate logistic
regression analysis the number of high-risk factors for-development of heterotopic ossification (p = 0.03)
and the time to RT initiation (p = 0.05) were independent prognostic factors in the HOP 1 study. For the
HOP 2 study. the multivariate logistic regression analysis revealed the number of high-risk factors for
development of heterotopic ossification (p = 0.003). the preoperative HO grade (p = 0.001) and the RT dose
concept (p = 0.05) as independent prognostic factors. Other factors including type of implant (cemented vs.
uncemented) did not affect the prophylactic efficacy of radiotherapy. There were no increased intra- and
postoperative complications seen in the preoperative group, and no long-term complications were observed
in both HOP studies. For functional failures (decrease of Harris score) no statistically prognostic factors
were found. There were less functional failures in HOP 1 (18 = 7%) than in HOP 2 (23 = 14%. but this
difference was not statistically significant. Only patients with high Brooker Grade III and IV at last FU
achieved a lower Harris score than those with low Brooker Grade 0, I and II (p < 0.05).
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Conclusion: With the exception of a small subgroup of patients with ipsilateral high Brooker Grade III and 1V,
pre- and postoperative radiotherapy are equally effective to prevent heterotopic ossification about the hip after
hip surgery and total hip arthroplasty. Fractionated medium dose radiotherapy resulted in the lowest failure

rate.  © 1997 Elsevier Science Inc.

Radiotherapy for benign diseases, Hip abnormalities,

arthroplasty, Post- and preoperative hip irradiation.
INTRODUCTION

The formation of mature lamellar bone in nonosseous tis-
sues is termed heterotopic ossification (HO). Although
HO has radiographic and histologic similarities with
myositis ossificans and periarticular calcification. these
disorders are distinct from each other (23). HO can occur
in various body sites and s a major complication after
total hip arthroplasty. traumatic acetabular fracture. or
central nervous injury. Ectopic bone may form small js-
lands of bone or bridging ossifications in the soft tissues
about the hip joint. Depending on individual risk factors,
the incidence of HO varies between 2% (52) and 90%
(45). Various preexisting conditions that place patients at
high risk of HO have been identified including ipsi- or
contralateral HO (40. 41 ). acetabular fracture (9.19.27).
ankylosing spondvlitis (6). diffuse idiopathic skeletal hy-
perostosis (7). hypertrophic osteoarthritis with massive
periacetabular osteophvte formation. posttraumatic arthri-
tis. and previous extensive or repeated hip surgery. Men
with hypertrophic osteoarthritis are also at a higher risk
than women (43). Unfortunately. HO is only detectable
on radiographs as late as 4~ 12 weeks after the injury when
no efficient therapy is available. Almost 30% of patients
presenting with HO of the periarticular region of the hip
will develop severe ¢linical symptoms including pain. re-
stricted motion. and hip function. and sometimes even
complete ankvlosis of the hip joint. For Germany. with
about 80 million inhabitants. it is estimated that about
10.000 of 100.000 patients with total hip arthroplasty re-
quire effective HO prophylaxis.

Several preventive strategies have not shown to de-
crease the incidence of HO in high-risk patients including
meticulous surgical techniques. suction drainage 1o avoid
hematoma formation. and careful irrigation of the opera-
tive bed 1o remove bone chips. In contrast. corticosteroids
and nonsteroid antinflammatory drugs have proven effi-
cacy to avoid development of HO (1. 18. 35. 44. 50).

Postoperative radiotherapy (RT) has been found 1o ef-
fectively prevent HO about the hip. In 1981, the Mayo
Clinic series was the first to demonstrate that 10 fractions
of 2 Gy upplied early after surgery prevented reformation
of HO (14). Further studies showed that 10 Gy given in
five fractions is as effective ax () Gy (2.4.9. 32.33. 49,
51). Recent studies suggest that single or divided doses
as low as 5 Gy (13). 7 Gy (8. 36). or § Gy (8. 34.41)
successfully prevent ectopic bone tormation. Nowadays.
we can conclude that single-fraction RT (8. 16. 24. 25,
34.36. 38. 41) is as effective as multifraction RT (2. 4.
8. 11013, 14,26, 30. 34. 37. 41. 42. 46. 47.49.51.55).

Heterotopic ossification, Ectopic bone formation, Total hip
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( | STUDY DEsIGN )

Radiotherapeutic Questions :

RT-Dose ?

RT-Time ?

(1992 - last FU )
" Post " vs. " Pre - OP "

(1987 - 1992)

"Low" vs. "Medium Dose"

Inclusion Criteria: Ipsi- and Contralateral HO, Fracture, Trauma,
e
Recurrent Hip-OP, Hypertrophic Osteoarthritis.

S

Fig. 1. Study design and inclusion criteria of HOP | and HOP 2
studies.

Moreover, in 1990 a carefully conducted in vivo study
provided clear evidence that preoperative RT may be com-
parably effective in preventing HO as similar doses in the
immediate postoperative period (29), but so far only a
few studies have successfully tested this attractive pre-
operative treatment concept (21, 48).

Our clinics have been involved in clinical research of
HO prophylaxis since 1987. At that time, a first random-
ized trial (HOP 1) was initiated to compare fractionated
postoperative low-dose RT (10 Gy) vs. medium-dose RT
(17.5 Gy) (46. 47). In 1992, a second randomized trial
(HOP 2) was started to compare preoperative RT (7 Gy)
vs. a historical control of fractionated postoperative RT
(17.5 Gy) (48). Because of the investigational nature of
both studies. only those patients were enrolled in the study
who were at high risk to develop HO after hip surgery.
Herein we summarize outcome of both studies.

METHODS AND MATERIALS

Study concepts

Between June 1987 and June 1992, 249 patients were
enrolled in the HOP | study (HOP 1), which compared
postoperative fractionated low dose ( 10 Gy,n=131)and
medium dose RT (17.5 Gy, n = 118). Between July 1992
and December 1995, the HOP 2 study (HOP 2) compared
preoperative single-fraction (1 X 7 Gy) and postoperative
fractionated RT (17.5 Gy). Postoperative RT was pre-
scribed to start <96 h after and preoperative RT =<4 hs
before hip surgery. Both treatment schemes are shown on
Fig. 1.
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Table 1. Patient and HO risk parameters prior to RT according to study groups

Study groups

Study 1 (1987-1992)

Study 2 (1992-1995)

n =249 n =161
Group 1A: Group 1B: Group 2A: Group 2B:
Variables 10 Gy (n = 131) 17.5 Gy (n = 118) 17.5 Gy (n = 81) 7 Gy (n = 80)

Gender

Male/female 67/64 64/54 48/33 45/35
Age (vears)

Mean = SD 61 = 14 62 =12 67 = 12 63 = 11

Range 39-81 37-84 34-85 32-87
HO Risk Factors (+)

Ipsi-/contralat. HO 69/51 61/44 49/40 50/32

Hypertrophic OA 65 64 27 35

Repeated surgery 50 45 50 45

Hip tractures 8 I 4+ 4

M. Bechterew — 2 1 1
HO Risk Profile

I Risk factor 52 40 19 19

2 Risk factors 54 48 40 30

>2 Risk factors S 30 22 31
Tvpe of Surgery

First THA 90 82 46 45

Subsequent THA 22 23 a5 24

Removal of HO 19 12 10 11
Type of Prosthesis

Full cemented 22 25 26 27

Partally cemented 35 32 26 29

Uncemented 74 61 29 24
Preoperative HO (Brooker score)

0 65 39 26 26

| 23 15 16 11

2 12 14 i7 14

3 2 22 14 18

4 10 N 8 11
Preoperative Function (Harris score)

Mean = SD 49 =I5 46 = |14 47 =17 48 = 15

Range 14-95 12-92 10-93 11-91

SD = standard deviation: HO = heterotopic ossification: THA = total hip arthroplasty: (+) more than one event per patient possible;
(*) = one patient had a replacement of the acetabular component of the implant only.

Eligibility criteria

Eligible patients had to have a high-risk profile to de-
velop HO after hip surgery including the following: (a)
preoperative radiological evidence of HO about ipsi- or
contralateral hips: (b) hypertrophic ostearthritis with mas-
sive periacetabular osteophyte formation: (¢ ) diffuse idio-
pathic skeletal hyperostosis ( M. Forrestier): (d) ankylos-
ing spondylitis (M. Bechterew ): (¢) previous acetabular
or femoral fractures: () repeated hip surgerv. Because
most patients exhibited several HO risk tactors. the po-
tential risk to develop HO without prophylaxis was at least
50-90% (4. 5). Due to this high-risk level. it was ethi-
cally justified to evaluate the efficacy in both trials without
a control group.

Patients and treatment sites
Most patient variables (sex. prior surgery ) were equally
distributed between both studies and respective treatment

arms (Table 1). The unbalanced number of patients in
HOP I derives from the initial RT concept to use 10 X 2
Gy instead of 5 X 3.5 Gy, which was not useful due to
he long in-patient status. Thus. the first 10 patients who
had received 10 X 2 Gy were not evaluated. Another im-
balance between both studies was related to the type of
implanted prosthesis: in the HOP | study 135 (54%) pa-
tients had an uncemented prosthesis type compared to 53
(33%) in the HOP 2 study (p < 0.05). However, this
difference is well explained by the different age profile in
both studies (Table ).

The basic risk profile for development of HO was high:
in HOP |. 157 (63%) patients had at least two HO risk
factors compared to 123 (76%) patients in HOP 2. Ipsi-
lateral HO was present in 130 (52%) patients (HOP 1)
and 99 (61%) patients (HOP 2), respectively. Contralat-
eral HO was present in 95 (38%) patients (HOP 1) and
62 (39%) patients (HOP 2). respectively. In contrast, pe-
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vious or actual hip fractures and ankylosing spondylitis
were rare conditions. The HO risk profile was equal for
all treatment groups. Similarly, the type of hip surgery
(i.e.. first or subsequent hip arthroplasty, removal of HO),
the preoperative HO grade and the functional hip status
were well balanced (Table 1).

All patients underwent a preoperative, postoperative,
and a last FU examination at least 6 months after hip sur-
gery, including evaluation of standardized anterior—pos-
terior and lateral radiographs. The amount of HO was clas-
sified according to MacLennan s modification (37) of the
Brooker classification (10) (Table 2) and other scores
(20. 31. 40). Clinical assessment of hip function and hip
mobility was performed according to the hip score of Har-
ris (22) (Table 3) and other scores (28, 39). Informed
consent was obtained prior to RT planning either post-
operatively (HOP 1) or preoperatively (HOP 2).

RT prescription and technique

Patients were stratified for the two paricipating depart-
ments (orthopedics, surgery) and randomly assigned to
the treatment arms. The HOP | study prescribed postop-
erative (low-dose) RT (five fractions of 2 Gy:; total dose:
10 Gy) (or medium-dose) RT (five fractions of 3.5 Gy;
total dose: 17.5 Gy). Postoperative RT was scheduled to
start =96 h after hip surgery. The HOP 2 study compared
postoperative fractionated RT (5 X 3.5 Gy: total dose:
17.5 Gy ) as historical (control group and preoperative sin-
gle-fraction) RT (1 X 7 Gy). Preoperative RT was initi-
ated =4 h before hip surgery (Fig. 1).

Our RT technique has been described previously (46—
48). RT was delivered with 6-10 MV iinac photons' to
anterior—posterior/ posterior—anterior isocentrically ar-
ranged portals. The RT dose was calculated at midplane
depth with a source-to-axis distance of 100 cm. Depend-
ing on the body size. an individual portal was chosen to
encompass all periarticular soft tissues of the hip. Five
half-value laver blocks (3% transmission ) were placed in-
dividually to protect the intrapelvic and genital structures.
There was no effort undertaken to shield the sites of im-
plants in the femoral shaft and/or pelvic bone.

InHOP 1.26 of 131 (20%. arm A) and 25 of | 18 (21%,
arm B) patients had a delaved RT start according to_the
RT prescription. while the respective rates in HOP 2 were
4 of 81 (5%. arm A) and 21 of 80 (26%. arm B) patients.
Patients who were treated delayed postoperatively had
schedule deviations due to medical (medical complica-
tions ), organizational (delays through weekends or sur-
gical time table ), or technical reasons ( machine failure/
maintainance ), while patients who were treated delayed
preoperatively had deviations due to organizational rea-
sons (changes of the surgical time table). The most im-
portant RT variables are compiled in Table 4. The use of
nonsteroid antiinflammatory drugs (NSAID) and acetyl-

Volume 39, Number 1, 1997

Table 2. Brooker classification of heterotopic
ossification about the hip

Grade 0 No bone islands visible.

Grade | Islands of bone visible within soft tissues about the
hip.

Grade Il Bone spurs from pelvis or proximal end of femur,
leaving at least 1 cm between opposing
surfaces.

Grade Il Like Grade II, except that the space between
opposing surfaces is less than 1 cm.

Grade IV Apparent bony ankylosis.

salicyl acid (ASA) was avoided during the postoperative
period. These drugs were only rarely applied for a few
days (=7 days), if an increased painful swelling and he-
matoma formation was observed. Only one patient, who
experienced an infection of the hip implant about 3 weeks

Table 3. Harris score for evaluation of functional hip status
[modified from Harris (1969) (22)]

1. Pain (44 points possible)
None (= 44 points) moderate (= 20 points)
Slight (= 40 points) marked (= 10 points)
Mild (= 30 points) disabled (= 10 points)

2. Function (47 points possible)

a) Limp (11 points possible)
None (= 11 points) moderate (= 5 points)
Slight (= 8 points)  severe (= 0 points)

b) Support (11 points possible)
None (= 11 points) one crutch (= 3 points)
Cane for long walks (= 7 points)  two canes (= 2 points)

Cane most of the time (=5 points) two crutches (= 1 point)
Not able to walk

(specify reason)
¢) Walking distance

Unlimited (= 11 points)
Six blocks (= 8 points)

d) Daily activities
Walking stairs (4 points)

= 0 point)
(11 paints possible)

2-3 blocks (= 5 points)
indoors only (= 2 points)
bed & chair (= 0 point)

(14 points possible)

normally without using a railing (= 4 points)
normally using a railing (= 2 points)
in any manner (= 1 point)
unable to do stairs (= 0 point)
Shoes and socks (4 points)
with ease (= 4 points)
with difficulty (= 2 points)
unable (= 0 point)
Sitting chair (5 points)
comfortably in ordinary chair | h (=5 points)
on a high chair for half an hour (= 3 points)
unable to sit comfortably in any (= 0 point)
chair
Transportation (1 point)
able to enter public transportation (=1 point)
unable to enter (= 0 point)

public transportation

- Absence of deformity

(4 points possible)

Less than 30° fixed flexion contracture (= 1 points)
Less than 10° fixed adduction (=1 points)
Less than 10° fixed internal rotation in (=1 points)
extension
Limb-length discrepancy less than 3.2 cm (=1 point)

4. Range of motion (5 points possible)

" Mevatron 20/67. Siemens Corporation, Erlangen, Germany.
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Table 5. Change in heterotopic ossification (Brooker grade) after prophylactic RT

Study groups

HOP-Study | (n = 249)

HOP Study 2 (n = 161)

Group 1A: Group 1B: Group 2A: Group 2B:
Variables (n =131 (n=118) (n = 8l1) (n = 81)
Postoperative HO (absolute Brooker)
0 66 55 38 37
1 48 45 25 30
2 13 15 13 5
3 3 3 ) 6
4 | — 0 2
Last follow-up HO (absolute Brooker)
0 64 53 36 31
] 42 42 25 27
2 18 18 14 11
3 6 5 6 7
4 1 0 0 4
Overall HO change (relative Brooker) '
0/—1 116 111 77 65
+1 12 5 3 10
+2 3 1 1 5
+3 — 1 0 0
(see Tables 3A/3B)
Treatment failure 15/131 7/111 4/81 15/80
(11%) (6%) (5%) (19%)
Follow-up period
Mean = SD) 477 = 145 486 * 161 457 * 121 437 = 117
Postoperatively 193-945 181-979 171-694 168-640

HO = heterotopic ossification.

score (functional failure). No failures with Brooker grade
IV were observed. In HOP 2, 6 of 18 (33% ) patients failed
with Brooker Grade III or [V, and 2 of those had a de-
creasing Harris score ( functional failure). Five of six pa-
tients who failed with a Brooker Grade III/1V were in the
preoperative group (arm B) (p <0.05).

The overall Harris score improved in 231 (93%) patients
of HOP | and in 138 (86% ) of HOP 2. The functional failure
rates in HOP | (arm A: 10 of 13] = 8%; arm B: 8 of 118
=7%) and HOP 2 (arm A: 10 of 81 = 12%:; arm B: 13 of
80 = 16%) were almost equal (p > 0.05). The overall Har-
ris score in HOP | increased by 36 = 16 points (arm A: 35
= 17:arm B: 37 * 19) from 47 + 16 points preoperatively
(arm A: 49 = |5: arm B: 46 + 14)10 83 = 20 points (arm
A:84 = 19:arm B: 83 = |8) at last FU. Comparable values
were observed in HOP 2: the overall Harris score increased
by 37 = 17 points (arm A: 36 = 16: arm B: 38 * |5) from
47 = 15 points (arm A: 47 + |7: arm B: 48 = |5) preop-
eratively to 85 = 18 points (arm A: 83 = 19; arm B: 86 =
I7) at last FU. Thus. there were no significant differences
in the functional status at all FU situations between the HOP
I'and HOP 2 studies and between the respective treatment
arms.

Typical clinical examples of a successful HO prophy-
laxis is demonstrated for postoperative radiotherapy in
Fig. 2A and B and for preoperative radiotherapy in Fig.
3A and B.

Failure analysis and prognostic factors

For univariate analysis of radiological failures only pa-
tients were considered who had at least a failure of
Brooker Grade II, ie., 16 of 22 patients in the HOP |
study and 13 of 19 patients in the HOP 2 study. When
using this discrimination two prognostic factors were
identified in HOP 1: (a) initiation of RT >4 days post-
operatively (8 of 51 = 16%) resulted in a significantly
higher failure rate than initiation of RT =4 days (8 of 198
=4%) (p < 0.05): and (b) patients with =2 high HO
risk factors (i.e., ipsi- or contralateral HO or acetabular
fracture) had a significantly higher failure rate (80of 62 =
13%) than those with one high HO risk factor (70f 110
= 6%) or none (1 of 77 = 1%) (p < 0.05). In contrast,
other factors like gender, age, RT dose, RT duration, type
of hip implant (cemented VS. uncemented), and several
perioperative variables had no prognostic impact on treat-
ment outcome. In multivariate logistic regression analysis
only ‘‘the number of high HO risk factors’’ (p = 0.03)
and ‘‘the time to RT initiation”’ (p = 0.05) were inde-
pendent prognostic factors.

For HOP 2, other prognostic factors were identified in
univariate analysis: (a) postoperative RT resulted in a
lower radiological failure rate (arm A: 4 of 81 = 5%) than
preoperative RT (arm B: 15 of 80 = 19%) (p < 0.05):;
(b) patients with a high preoperative ipsilateral Brooker
Grade Il or IV (13 of 5] = 25%) had a higher failure
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(b)

Fig. 2. Postoperative prophylactic RT: Case study in a 62-year-
old male. (a) Clinical situation prior to prophylactic RT. Eight
months after total hip arthroplasty (THA ) a severe HO ( Brooker
Grade 1V) has developed. The patient had not received prophy-
lactic RT despite contralateral HO (Brooker Grade II). Severe
pain and restricted hip mobility have lead to a second surgery for
deossification. The patient was randomized to fractionated 5 X
3.5 Gy postoperative RT to prevent the development of HO. (b)
Clinical situation at last FU. A control radiograph | | months later
revealed no HO on the reoperated right hip: thus. the prophylactic
treatment had been successful. and the patient had regained
nearly full functional activity ( Harris score value of 92 points ).

rate than those with low preoperative ipsilateral Brooker
Grade Oto I1 (6 of 110 = 5%) (p < 0.05): the difference
was also statistically significant for preoperative patients
with preoperative ipsilateral Brooker Grade II1 (6 of 18
= 33%) or Grade IV (5 of Il = 45%) (Table 6): (c)
patients with increased postoperative hematoma had a
higher failure rate (7 of 31 = 23%) than those without
(12 of 130 = 9%) (p < 0.05): and (d) patients with

Fig. 3. Preoperative prophylactic RT: Case ctudy in a 58-year-
old female. (a) Clinical situation prior to prophylactic RT.
Twelve months after total hip arthroplasty (THA ) a severe HO
(Brooker Grade 1V) has developed. The patient had not re-
ceived prophylactic RT. Severe pain and restricted hip mobil-
ity have lead to a second surgery for deossification. The pa-
tient was randomized to a single fraction of 7 Gy preoperative
RT to prevent the development of HO. (b) Clinical situation
at last FU. A control radiograph 7 months later revealed no
HO on the reoperated right hip: thus, the prophylactic treat-
ment had been successful. Despite the effective prophylaxis,
some pain symptoms remained and the patient did not regain
full functional activity ( Harris score value of 72 points).
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Table 6. HOP 2 treatment failures according to ipsilateral
preoperative hip status

Ipsilateral Postoperative Preoperative
preoperative hip  RT (arm A: RT (arm B:  Total group
status/Brooker n = 81) n = 80) (n =161)
Grade 0 0/26 (0%) 2/26 (8%) 2/52 (4%)
Grade | 1716 (6%) 0/11 (0%) 1727 (4%)
Grade 2 1/17 (6%) 2/14 3/31 (10%)
(14%)
Grade 3 (*) 1/14 (7%) 6/18 7132 (22%)
(33%)
Grade 4 (%) 1/8 (13%) 5/11 6/19 (32%)
(45%)
Total 4/81 (5%) 15/80 19/161 (12%)
(19%)

Agenda: RT = Radiotherapy; (*) difference between arm A
and arm B failures statistically significant (p < 0.05).

postoperative infection about the implant also had a higher
failure rate (2 of 5 = 40% ) than those without (17 of 156
= 11%) (p < 0.05). In multivariate logistic regression
analysis “*number of high HO risk factors’’ (p =0.003),
“‘preoperative HO grade™” (p = 0.001), and “‘RT dose
concept”™ (p = 0.05) were independent prognostic factors.
For development of functional failures (decrease of
Harris score ) no statistical prognostic factors were found
which predicted in long-term FU. Neither pre- and im-
mediate postoperative Brooker score, nor preoperative
functional status, type of implant (cemented vs. nonce-
mented). and RT initiation (delayed vs. correct) were sig-
nificantly correlated with functional differences. Although
there were less patients with functional failures in HOP |
(18 = 7%: arm A: 10 = 8%: arm B: 8 = 7%) than in
HOP 2 (23 = 14%: arm A: 10 = 12%; arm B: 13 = 16),
this difference was not statistically significant. Patients
with high Brooker Grade III and [V at last FU had a lower
Harris score than those with low Brooker Grade 0 to II at
last FU (p < 0.05). This result reflects the well known
negative correlation between the Brooker grade and the
Harris score. In addition. as expected, a low preoperative
Harris score resulted in a significantly larger functional
improvement than a high preoperative Harris score.

Treatment toxiciry

For HOP 2 careful analysis was performed to identify
possible toxicity differences during the perioperative pe-
riod in all groups: intra- and postoperative complications
were not increased in patients who were irradiated pre-
operatively compared to those irradiated postoperatively.
Means and ranges of different variables were similiarly
distributed in both groups including duration of surgery,
intraoperative blood loss. number of supplied blood units,
postoperative drainage volume from the operated hip, and
the decrease of hemoglobin and increase of leucocytes.
All observed complications were minimal and within the
range of historically expected incidences found in opera-

.
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tive series alone. An increased rate of postoperative he-
matoma in 31 patients (arm A: 15 = 19%; arm B: 16 =
20%) or swelling in 51 patients (arm A: 24 = 30%; arm
B: 27 = 34%) was sometimes associated with increasing
pain, and required the removal of the hematoma in eight
patients (arm A: 5 = 6%; arm B: 3= 4%). An infection
of the implant occured in five patients, but only in one
patient the prosthesis had to be removed after 3 weeks and
replaced within 3 weeks by another implant without fur-
ther complications. Thus, it is concluded that preoperative
RT as an equal low acute risk profile compared to post-
operative RT. There were also no differences regarding
the postoperative mobilization process following hip sur-
gery between the two studies and treatment arms, respec-
tively. The interval of partial strain (=50% body weight)
at the operated hip was not considerably longer in pre-
operative patients (9 days 19) compared to postoperative
patients (8 days 16). The interval to use full strain at the
operated hip (100% body weight) was equal in both
groups (arm A: 33 * 37 days; arm B: 34 + 42 days) (p
> 0.05). No increased long-term complications were ob-
served in both groups. Nonunion formation did not occur
in the only four cases that had undergone trochanteric os-
teotomy as part of their total hip arthroplasty. In long-term
FU no acetabular or femoral component of the implant
revealed subsidence, radiolucent lines, or change in po-
sition; moreover, early loosening of noncemented or po-
rous-coated prostheses was not seen, despite the fact that
no individual shielding of the implant site was performed.

DISCUSSION

Biological aspects

There is still insufficient knowledge about the triggering
mechanisms and different actions involved in the formation
of ectopic bone and the individual risk factors that place
patients at risk to develop HO. The highest risk to develop
HO is in patients with evident HO formation about the ipsi-
or contralateral hip. The radiobiologic target for ionizing ra-
diation appears to be radiosensitive pluripotent mesenchymal
cells, which are stimulated to proliferate and differentiate
after a specific trauma (15, 54). The osteogenitor mesen-
chymal cells, which transform into bone-producing osteo-
blasts, could be recruited from distant body sites outsite of
the surgical field and are possibly brought to the traumatized
tissue through the blood stream and during the process of
hematoma formation, However, these cells may also be res-
ident in the local tissues within the operative field and, thus,
may be directly stimulated by specific traumatic events to
produce ectopic bone (53, 54). In an in vivo study the dif-
ferentiation of mesenchymal cells has been observed to oc-
cur as early as 16 h after a traumatic event, and this reaction
peaked at around 36 h (53).

Induction of cell differentiation has been observed from
measurements of quantities of bone formed in response to
implants of bone matrix or purified bone morphogenetic
protein (BMP) in extraskeletal and intraskeletal sites. The
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vsteoprogenitor cell proliferation process is known for a
long time. It has been measured in reactions of periosteum
and endosteum to injury, diet, vitamines. and hormones.
Bone-derived growth factors (BDGF) can stimulate os-
teoprogenitor cells to proliferate in serum-free tissue cul-
ture media. These mechanisms of action of both BMP and
BDGF are primarily local, but secondary systemic imu-
nologic reactions could have permissive and/or depres-
sive effects. Recent progress in this research field suggests
hat BMP and BDGF are coefficient; while PMP initiates
the covert stage of bone formation. BDGF stimulates the
overt stage of bone development (54). /n vivo data of
Kantorowitz er al. (29) demonstrate the prophylactic ef-
ficacy of ionizing radiation and a dose—response relation-
ship. The data have important clinical implications and
suggest to deliver at least 7-8 Gy to potential sites at risk.
[t was the first study to show the prophylactic potential of
preoperative RT. Preoperative RT within | h prior to sur-
gery revealed an equal prophylactic efficacy compared to
RT delivered 2 days postoperatively, but the 2-day pre-
operative RT regimen was inadequate to prevent HO. This
data provides a strong rationale for preoperative prophy-
lactic RT immediately before surgery.

Postoperative RT can affect all osteoprogenitor mes-
enchymal cells in the treated volume. including those that
are resident and those that are brought to the operated site
perioperatively. In contrast, the efficacy of preoperative
RT. which is delivered to the surgical field prior to the
insult stimulating ingress of blood-borne cellular ele-
ments. relies on the effect of resident osteoprogenitor
cells. which may participate in the process of HO forma-
tion. Interestingly in our study preoperative RT was less
effective for cases with a *high preload of ectopic bone.™
i.e.. in patients with preoperative ipsilateral HO Booker
Grade [T to IV. If the **preload of ectopic bone ™" was only
minor or not existing. i.e.. HO Brooker Grade 0 to II. the
results of prophylactic RT were equal in the pre- and the
postoperative RT group.

Review of clinical experience

Literature data should be cautiously interpreted due to
several confounding factors. i.e.. lack of high-risk factors
o develop HO. small patient numbers and low accrual.
and uncontrolled study design. Few groups have con-
ducted prospectively randomized trials to study different
RT regimens including our previous comparative studies
(21, 34.41. 46, 47). Our data suggests. that preoperative
RT is equivalent to postoperative RT as long as no severe
ipsilateral HO is present. The radiological failure rate of
the postoperative RT arms in HOP | and HOP 2 are within
the range of most published series. i.e.. below 10% (2. 4,
14, 24-26. 30. 34. 36-38. 41.42. 46-48. 51.55). Some
series reported a high failure rate (8. 11. 13. 16). which
was associated with incomplete resection of HO (12). in-
sufficient coverage of soft tissues about the hip (*geo-
graphical miss™™) (16): delayed inititiation of RT (2.
4.5, 8. 14,24, 34, 46. 47. 51). protracted RT applica-
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tion (46, 47), and presence of numerous high-risk
factors (16).

Some known prognostic factors have been confirmed
in our two studies: postoperative prophylactic RT should
be initiated within the first 3 days after surgery. The num-
ber of high-risk factors is another important prognostic
parameter. Patients with ipsi- and contralateral HO have
a higher risk to fail prophylactic RT than those with me-
dium risk factors, such as hypertrophic osteoarthritis with
periacetabular osteophyte formation. From our study it
can be concluded that most patients irradiated preopera-
tively yield a good prophylaxis. Only patients with ipsi-
lateral HO Grade III and IV may not be successfully
treated. These patients could benefit from multifraction-
ated postoperative prophylactic RT or from single-fraction
RT supplemented by NSAID application. Thus, it is im-
portant to cooperate with all referring orthopedic
surgeons. Future protocols should stratify patients accord-
ing to individual risks. '

Positive results obtained with single-fraction RT are im-
portant, as the reduced RT setup time renders prophylactic
RT as a more economic, less hazardous, and easier to han-
dle method. It also provides a far better compliance than
the long-term prescription of NSAID medication. From a
practical point, it would be even more convenient if pa-
tients would receive prophylactic RT a day before surgery.
This would require that the radiobiological target responds
to the prophylactic RT within a ‘‘prophylactic window’’
of at least 16 h prior to hip surgery.

The functional aspects of prophylactic RT for prevention
of HO are rarely addressed. *‘Functional failures’’ involve
an impairment of the preoperative Harris score, which is
mostly related to the lack of success of surgery and some-
times to the inefficacy of prophylactic RT. In the final anal-
ysis of the two randomized studies the mean functional gain
(i.e.. change of Harris score) improved similarly in all
groups, and the number of ‘‘functional failures’’ were well
balanced in both studies and respective treatment arms.
However, severe ‘‘radiological failures,”” i.e., Brooker
Grades III and IV, may induce a functional impairment.
Otherwise both endpoints do not correlate with each other.

Trearment Sequelae

Acute toxicity of prophylactic RT is minor and confined
to the immediate postoperative period. The rate of in-
creased hematoma and swelling is not increased compared
to incidences reported in series involving surgery alone.
Only in a few patients reoperation was necessary, mostly
for removal of large painful hematomas and in one case
lo explant an infected prosthesis.

Possible long-term effects may include delayed ingrowth
of uncemented implants possibly resulting in a reduced
short- and long-term stability of the prosthesis ( 14, 29, 56).
Other concerns include the induction of transient oligosper-
mia or infertility and initiation of secondary malignancies.
The shielding of acetabular and femoral components of the
implant has been recommended when using porous coated
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or biologic fixation prostheses as well as shielding of intra-
pelvic and genital structures (8, 26, 34, 36. 55). While we
have conducted the latter procedure, we have not shielded
osseous implant sites for fear of shielding areas in soft tissues
undemneath of such blocks from which ectopic bone forma-
tion may derive. During our past 10-year clinical experience
no concerns regarding a higher instability or loosening rate
of irradiated vs. unirradiated hips have been brought up by
our orthopedic surgeons.

Our two randomized trials overcome common disad-
vantages of historical studies such as uncontrolled study
design. low patient number and long accrual period. vari-
able HO risk profile among patients receiving prophylactic
RT. and short FU. Our methodical center has provided a
stringent control and analysis of all clinical and statistical
data including multivariate assessment of prognostic fac-
tors. Due to the high radiological failure rate for ipsilateral
Brooker Grade 111 to IV treated with preoperative RT. the
HOP 2 swdy was terminated prematurely. It is now re-
placed by two other prospective protocols.
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CONCLUSIONS

The presented data indicate the high prophylactic po-
tential of both preoperative and postoperative RT for pa-
tients at high risk to develop HO. Only patients with a
high ipsilateral preload of ectopic bone formation
(Brooker Grade III and IV) should not receive preopera-
tive RT. Preoperative RT should be applied within 4 h
prior to surgery or postoperatively within 96 h after hip
surgery. The application of RT induces none or only minor
additional toxicity, but reduces the risk for the develop-
ment of HO from nearly 80-90% to as low as 10%. The
major advantage of the preoperative treatment concept is
the improved patient comfort, the ease of treatment man-
agement, and the avoidance of possible postoperative
complications associated with transportation and position-
ing of the patient during the immediate postoperative pe-
riod. Both studies provide interesting insights into the bio-
logical mechanisms involved in radiation injury to
osteoprogenitor cell lines.
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