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Beliefs relating to recurrence of heterotopic ossification
following excision in patients with spinal cord injury:
a review

F Genêt1,2,3, A Ruet1,4, W Almangour1, L Gatin5, P Denormandie2,5 and A Schnitzler1,4

Study design: Review of the literature.
Objectives: It is widely believed that the timing of surgery and the size of the initial Neurological Heterotopic Ossification (NHO) affect
the recurrence risk of NHO after SCI. A large number of studies were published in the 80s and the 90s, mostly of poor quality despite
the fact that they were carried out by experienced surgical teams. The aim of this study was to suggest recommendations relating to the
timing of excision of heterotopic ossification after SCI following the analysis of a recent review of the literature.
Setting: France.
Methods: A systematic literature search was performed in the PubMed Embase from January 2002 until June 2014 using the MESH
headings ‘spinal cord injury’, ‘paraplegia’, ‘heterotopic ossification’ and ‘surgery’. Results were compared with results from
epidemiological studies based on the BANKHO database (patients who underwent surgery for troublesome HO after central
neurological system (CNS) lesions in our center (357 patients, 539 surgeries)).
Results: Few studies were found in the literature, results were sometimes contradictory and practices heterogeneous. Results from the
BANKHO database showed that troublesome recurrence of NHO was not associated with 'early’ surgery (before 6 months), and no
association was found between recurrence and the size of the NHO around the joint (Brooker status).
Conclusion: We suggest that surgical excision of the NHO should be carried out when it begins to be troublesome, as soon as comorbid
factors are under control and the HO is sufficiently constituted for excision.
Spinal Cord (2015) 53, 340–344; doi:10.1038/sc.2015.20; published online 17 February 2015

INTRODUCTION

Following spinal cord injury (SCI), between 20% and 30% of patients
develop ectopic lamellar bone tissue around certain joints.1 This is
termed Neurological Heterotopic Ossification (NHO).2–4

NHO causes pain, decreased range of motion (ROM) until
complete ankylosis occurs, functional disabilities such as difficulty
sitting, standing, walking, eating, dressing and so on, depending on the
location of the NHO,1,3–7 and may cause nerve and vessel
compression.7–9 The timing of its occurrence depends on the time
of the diagnosis (whether based on clinical diagnosis or imagery), but
NHO usually occurs between 2 weeks and 3 months after the central
neurological system (CNS) lesion, sometimes later.1,4,10 The etio-
pathogenesis is still poorly understood. With regard to curative
treatments, medical interventions have limited effectiveness, and there
are currently no guidelines for the management of this troublesome
side effect despite the publication of six quality reviews in the past 5
years.1,3,7,11–13 Since the beginning of the twentieth century, the only
effective treatment of NHO that has been found is surgical
excision.1,2,5,7 The literature presents globally consistent results of
the first surgical excisions with an increase in ROM.1,3,14,15 Some
studies report functional improvements (ability to sit, to stand up, to

walk, to eat, to access to the perinea or axillary area), reduction in pain
(that is, nerve decompression) or improvements in bedsores.4,7,12

One of the main complications after surgical excision is recurrence.
This is frequently observed on X-ray as an ossification process
occurring around the joint after the excision. In clinical practice, this
must be taken into account, particularly when it is troublesome, that
is, when it is painful, or impacts a ROM and functional ability.16 From
the 70s to the end of the 90s, the rate of recurrence diagnosed by
roentgenogram for patients with SCI was estimated to be between
82% and 100% of cases, and the rate of recurrence diagnosed by
clinical symptoms was estimated between 17% and 58%.4,10,16 Some
beliefs regarding the risk of postsurgical recurrence of NHO have
influenced clinical practice for several decades. Several teams have
suggested that the association of radiation therapy, passive ROM
therapy and/or bisphosphonate injections prior to surgical excision
could reduce the risk of recurrence,16–20 but no real studies have been
carried out to evaluate these methods.4 It is still believed that the NHO
must be mature prior to surgery to reduce the risk of recurrence (no
surgery before 1 year) despite the fact that earlier removal would be
beneficial for other factors.7 It is also thought that the extent of the
initial NHO affects recurrence.7 These questions are regularly raised;
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however, according to our clinical experience, there is no impact of
timing of surgery or extent of the HO on recurrence. The aim of this
study was therefore to investigate the validity of these beliefs by
reviewing studies in the literature along with the results of epidemio-
logical studies from a database that included data from patients who
underwent surgery for troublesome HO after CNS lesions in our
center (BANKHO database). Two questions were posed: (1) Does the
timing of the surgical intervention affect the risk of recurrence of
troublesome HO after SCI? and (2) Does the extent of the HO affect
the risk of recurrence of troublesome HO after SCI?

MATERIALS AND METHODS

Systematic literature search
A systematic literature search was performed in the PubMed Embase
between January 2002 and June 2014. This period was chosen because
during this time there was little change in intensive care practices and
surgical techniques (both could affect HO development and post-
operative recurrence), thus allowing comparisons between studies.
Moreover, a profusion of studies on surgery for HO and risk of
recurrence was published during the 80s and the beginning of the 90s.
Interest in this topic then decreased before several teams published
studies creating some controversy regarding the timing of surgical
removal of NHOs at the beginning of the twenty-first century. In
2001, Banovac et al.21 found a reduction in the prevalence of HO after
SCI with the use of prophylactic nonsteroidal anti-inflammatory drugs
in a randomized double-blind controlled study. This was the first
publication to show that a medical treatment could have an effect on
this symptom. In 2002, Van Kuijk et al.4 reported in an important
review that the timing of surgical intervention did not appear to affect
risk of recurrence, in contrast with the extent of the HO. The review
was based on the publications by Garland et al.10,22,23 (during the 80s
and beginning of the 90s) and two studies on small samples of patients
(Mc Auliffe et al.20 and Freebourn et al.18).
For the literature search, the MESH headings ‘spinal cord injury’

and ‘heterotopic ossification’ were used, and the search was restricted
to studies written in English or French. The titles and abstracts of the
studies found were screened in order to select those that reported on
the timing of HO excision and recurrence in patients with spinal cord
lesions (other etiologies were excluded, that is, traumatic brain injury,
stroke, orthopedic conditions, total hip arthroplasty and burns).
Subsequently, the full texts of the selected studies were independently
screened by two authors (FG and AS) for eligibility. In the 80s and 90s,
a profusion of studies was carried out on this topic and they have
influenced current beliefs. It was thus considered appropriate to
provide a short summary of the conclusions of the principle articles as
a historical background to each of the two questions discussed.

Inclusion and exclusion criteria
Inclusion criteria were studies of patients with SCI who underwent
surgery for troublesome heterotopic ossification. All articles (studies
and reviews) had to describe the following essential outcomes relating
to the two questions investigated in this study in order to be included:
etiology of the neurological lesion, time from diagnosis to surgery,
postsurgical complications, recurrence of HO and the time from
surgery to recurrence. Patients had to be followed up for at least
3 months. To answer question 2 (effect of the extent of the HO on
recurrence risk), studies also had to report the results of imagery (X-
ray and/or computed tomography scan) and the clinical assessment.
No studies that used statistical analysis to evaluate the impact of the

timing of surgery on recurrence were found, therefore articles that
discussed the experience of surgical teams were accepted for inclusion.

Articles with no available abstract were not considered.

Assessment of study quality
As stated above, although the studies selected were carried out by
surgical teams experienced in HO excision, the quality of studies was
poor. There were no randomized controlled trials, and the scales used
were frequently not validated for this purpose. This is mainly because
the diagnosis of HO is always delayed relative to its occurrence, the
incidence is relatively low, sample sizes are small and the etiopatho-
genesis is still poorly understood, making early diagnosis difficult.

BANKHO database
A database named ‘BANKHO’ has been developed since 1993 in our
center. It includes data from patients who have undergone surgery for
troublesome HO after CNS lesions.5 In November 2009, the database
contained data from 357 patients, including 539 first-time interven-
tions for HO (129 for multiple sites). All the surgical interventions in
the database were performed by the same surgeon (PD).
In 2009, an epidemiological study based on the database was carried

out in order to address the two questions posed above. The results
showed that most of the HOs, which required surgery, occurred after
traumatic brain injury (199 patients (55.7%)), followed by spinal cord
injury (86 (24.0%)), stroke (42 (11.8%)) and cerebral anoxia (30
(8.6%)). The hip was the primary site of HO (328 (60.9%)), followed
by the elbow (115 (21.3%)), knee (77 (14.3%)) and shoulder (19
(3.5%)). Symptomatic recurrences requiring further surgical interven-
tion occurred in 31 cases (5.8% (31/539); 95% confidence interval:
3.8–7.8%; 27 patients).

RESULTS

Included studies
Twelve from January 2002 to June 2014 (468 were identified when the
year of the start of the search was not limited, 70 of which were
included) were included.

1. Impact of the timing of surgery on the risk of recurrence: 12 articles
published since 2002 were accepted: 8 reviews2–4,7,13,24–26 and 4
studies5,27–29 out of the 30 published.

2. Impact of the size of the HO on the risk of recurrence: 4 articles
published since 2002 were accepted: 3 reviews2,4,24 and 1 study28

out of the 30 published.

Does the timing of surgical intervention affect the risk of recurrence
of troublesome HO after SCI?
Historical approach. During the 90s, following the experience and
publications of Garland et al.,22 several teams agreed to wait for at least
the arbitrary 12 months after CNS lesion before considering surgery.
The main reason was to ensure that maximal neurological recovery
had occurred if the aim of surgery was to improve function, as well as
to avoid recurrence (by waiting for neurological stabilization and
mainly stabilization of spasticity). Despite respecting this delay, Gar-
land et al.10 reported a 36% recurrence rate of significant, clinically
mature NHO after SCI (based on scintigraphy). They also reported
that normal bone scans, alkaline phosphatase levels and the mature
roentgenographic appearance of HO were not reliable predictors of
recurrence.10 On the basis of these results, some teams concluded that
there was no relationship between the timing of surgical intervention
relative to the onset of the spinal lesion and risk of recurrence.30

Recurrence after excision of heterotopic ossification
F Genêt et al

341

Spinal Cord



Since 2002. It is currently widely accepted that the HO must reach
maturity before surgery is carried out in order to reduce the risk of
recurrence.7,24,25 However, some teams have suggested that this is not
founded3 and that studies evaluating the optimal timing are
necessary.4 One major problem is the difficulty in determining
whether the NHO has reached maturity.13 Numerous methods have
been tested (roentgenogram, computed tomography scan, biological,
three-phase-bone scan and so on) with controversial results and
samples ,which were quite often heterogeneous.4 Moreover, these
studies frequently lack statistical analysis. Shehab et al.25 discussed the
surgeon’s predicament: waiting for NHO maturity to avoid recurrence
exposes the patient to prolonged pain and loss of joint motion, both of
which may reduce functional ability and probably neurological
recovery, as well as increasing the risk of postoperative complications
such as hematoma or fracture. Because there is a lack of studies
regarding the most effective time to perform the resection, physicians
must attempt to balance the risk of recurrence against that of potential
complications.7 According to Vanden Bossche et al.,2 the functional
and neurological prognosis is the greatest priority to determine the
timing of surgery, over the risk of recurrence. Unfortunately, whatever
the timing of surgery (from less to more than 18 months after onset of
the CNS lesion), most of the studies on this topic have reported very
disparate rates of NHO recurrence (from none to 92% roentgenogram
recurrence).27,29 One point that arises from these studies is that, even
if operative delays and follow–up are very heterogeneous in each study,
roentgenographic recurrence (without symptoms) is largely more
frequent compared with clinical recurrence (with symptoms). Conse-
quently, it is not clear whether the timing of surgery has an impact on
clinical recurrence.7,26

The ‘BANKHO’ database. There were no recurrences of HO follow-
ing the surgical interventions, which were performed during the first
year after the SCI (181/539 interventions).5 For the patients for whom
recurrence occurred (all had surgery after 1 year), it was not associated
with etiology, sex, age at time of CNS lesion, multisite NHO or 'early’
surgery (before 6 months). Recurrence was evaluated in the total
sample (539 surgeries),5 as well as in sub-groups comprising traumatic
brain injury and SCI patients (95 interventions).28

Does the extent of the HO affect the risk of recurrence of
troublesome HO after CNS lesion?
Historical approach. The second factor, which is believed to have an
impact on recurrence of troublesome HO after CNS lesion, is the
extent and the number of HOs for each patient.10 The most
commonly used classification to determine the volume of the NHO
is that of Brooker, who developed a method in 1973 to classify the
degree of ectopic bone formation around the hip following total hip
arthroplasty.31 This classification is useful in that it can be based on a
single anteroposterior X-ray of the hip. This measurement appeared to
correlate with global hip function.32 Garland et al.10 reported an
association between the risk of recurrence and the roentogenographic
grade (maturity and extent) of the NHO in SCI patients. Experienced
teams have suggested that Brooker’s classification should be system-
atically used, although this is based on a study without statistical
analysis.16

Since 2002. There is currently no consensus for roentgenogram
classification of NHO.2,24 Several teams have tried to find a link
between the risk of recurrence and the preoperative extent of the
NHO; however, results are based on clinical observations and are
consequently only descriptive.4,24 The Brooker classification remains

the most used for the classification of NHO, although its validity has
never been evaluated in patients with neurological lesions and joints
other than the hip.33 Furthermore, for HOs of orthopedic etiology,
Mavrogenis et al.24 highlight that the disadvantage of this scale is that
it does not indicate the anatomical compartment in which the HOs are
situated. Consequently, there is no correlation between the score and
the extent of the HOs in each compartment, the scale cannot be used
to determine the limitations expected from surgery and it does not
fully help the surgeon to determine the surgical approach and the
prognosis.24 Moreover, the results of the present study showed,
similarly to a study of HO of orthopedic etiology,34 that the Brooker
measurement gave pessimistic expectations of hip ROM. Indeed, HOs
around the hip, which were classified III or IV, were not clinically
ankylosed.24

‘BANKHO’ database. We carried out a case–control study using the
BANKHO database.28 No significant relationship was found between
recurrence and the location around the joint or the Brooker status,
even when all the matching factors were included in the analysis.

DISCUSSION

Main results
During the past decade, few studies have assessed whether the timing
of surgery and the size of the NHO after SCI are risk factors for
recurrence after surgical excision. Recent reviews have provided
opinions on this subject, but these are based on the results of older
studies. Moreover, few articles have been specifically related to SCI,
and thus the results and conclusions are not specific to different
etiologies. The lack of homogeneity of the etiology of patients included
is a methodological weakness of previous studies. However, recent
studies appear to confirm that the timing of surgery and the extent of
the HO are not risk factors for recurrence after surgical excision in
patients with SCI.

Why is surgery still the only curative treatment for NHO?
Surgery is effective. As discussed in the introduction, the literature
presents globally consistent results of the first surgical excisions of HO
with an increase in ROM and sometimes a functional improvement, a
reduction in pain or an improvement in bedsores. Moreover, a
prolonged delay before excision leads to a negative cascade of events:
risk of ankylosis, intra-articular lesions, bone loss in the femoral head
and increased risk of fracture during or after surgery.4,6,16,33

Medical treatments for prevention and cure are still insufficient. Med-
ical treatments for prevention and cure of HO are not very effective,
mostly because of the lateness of the diagnosis along with the lack of
well-established risk factors. This has been well discussed in recent
reviews on the subject.1,3,7,11–13 Diagnosis is particularly difficult in the
early phase of HO development because of the severity of the patient’s
general condition. Indeed, the motor, sensory and cognitive impair-
ments after CNS lesions, the nonspecific symptoms of HO and the
poor correlation between clinical symptoms and roentgenogram signs,
which are moreover delayed for several weeks, all reduce the sensitivity
of an early diagnosis. Biological diagnosis is not particularly useful
mainly because the results are not specific.1,10 There are several
methods of prevention of HO, but all have limitations. Studies carried
out in patients with SCI provide strong support for the use of
nonsteroidal anti-inflammatory drugs;21,35 however, their use is
limited by their side effects, which include gastric problems and
delayed bone repair (undesirable in a posttrauma population).11,36,37

Pulsed electromagnetic fields also appear effective as prevention.38
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Bisphosphonates (etidronate) seem to delay HO development in
traumatic brain injury and SCI patients if given very early and for a
prolonged period (6 months).23,35,39–41 Finally, radiation therapy may
be used as prevention42 but has not yet been well evaluated in patients
with CNS lesions. The young age of the patients affected and the
potential side effects of radiation also justify further studies. The risk
factors for HO do not seem to depend on the patient‘s medical
symptoms but mainly on the severity of his/her condition during the
acute phase and the duration of immobility before regular mobiliza-
tion begins.43–46

No animal model of acquired HO after CNS lesion. If an animal
model that develops acquired HO after CNS lesion existed, each of the
retrospective factors suspected by clinicians to affect HO development
could be assessed. This would increase understanding of their impact
on the early process of development of heterotopic ossification.
Moreover, biological factors involved in HO formation as a function
of the type of CNS lesion could be sought. Unfortunately, such a
model does not currently exist and researchers have used transgenic
mice, which overexpress bone morphogenetic protein 4, implantation
of matrigel and scaffolds to induce HO and intramuscular injection of
transduced cells by adenovirus that over express bone morphogenetic
protein 2.47–49

Finally, as the pathophysiological process is still misunderstood,
diagnosis is delayed, risk factors are cofounding, preventive or curative
medical treatments are hazardous or not well assessed and, as there is
no specific animal model to enhance our knowledge about the
induction of such a troublesome condition, the only curative treat-
ment remains mechanical excision.

Recurrences
Another problem of definition and clinical relevance. Recurrence is one
of the three main complications of HO excision, along with sepsis and
hematoma. The postoperative rate of recurrence is rarely assessed for
three main reasons. First of all, there is no accepted definition of
recurrence.4,7,22,26 It may be a clinical finding without any impact on
the patient’s function (for example, decrease in ROM without any
impact on the patient’s life considering his/her disabilities) or it may
be a troublesome clinical finding.16 It is true that the rates of
recurrence found in the studies by our team are quite low compared
with results in the literature (from 17% to 58%10,16,41,50,51). The first
reason is that this rate includes only the patients (with neurological
lesions) who required surgical revision of their HO removal. A large
proportion of recurrences (with roentographic or clinical signs) were
not considered as ‘real recurrence’ because they did not impact on the
patient’s function (not treated because no impact). We propose that
revision of HO recurrence should be considered when it is uncom-
fortable or painful for the patient or if the loss of ROM affects
function. Second, surgical techniques, perioperative and postoperative
care and patient follow-up are not standardized, which may have an
impact on the rate of recurrence. For example, most of the studies
include early rehabilitation after surgical excision,7 but because local
inflammation (mainly in the muscles around the joint) seems to have
a strong impact on HO formation,21 we generally delay the mobiliza-
tion of the limb until 1 week after surgery and prescribe a preventive
anti-inflammatory treatment (nonsteroidal anti-inflammatory drug).

Limits
The ambispective analysis could be a limit of the studies based on the
BANKHO database. However, in clinical practice, it is difficult to carry
out prospective studies on HO because the rate of occurrence in the

intensive care unit is low and the diagnosis is delayed. The inclusion of
data in the database was carried out over a relatively long period of
time; however, surgical and medical management has not changed in
our center since 1993, and thus we do not believe that this could affect
the results. The fact that the data all come from a single center with
one surgeon carrying out all the interventions may have led to some
bias. However, these studies were among the first to assess the impact
of the timing of surgery on recurrence of HO using an epidemiological
approach.

CONCLUSIONS

Results in the literature along with results from studies using the
BANKHO database suggest that the preoperative extent of the HO
around the joint is not related to the risk of recurrence following
excision. These results lead us to suggest that surgical excision of HO
should be carried out as soon as it becomes troublesome, comorbid
factors are under control and the HO is sufficiently constituted for
excision. Moreover, early excision should allow patients to reach their
functional potential as they will not be impeded by restrictions in
passive joint motion. It would also improve comfort and reduce pain.
Delaying surgery and allowing ankylosis to occur increase the risk of
bone loss beneath the HO and also increase the risk of fracture during
or after surgery.
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