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Purpose: Resection remains the most reliable treatment for established heterotopic ossification, despite questions
regarding its effectiveness due to the potential for complications. This study evaluated the clinical outcomes and
complications of neurogenic heterotopic ossification (NHO) resection in stroke patients’ ankylosed hips.
Materials and Methods: We retrospectively analyzed nine hip NHO resections performed on seven patients from
2010 to 2018. The pre- and postoperative range of motion of the operated hip were compared. Analysis of postoper-
ative complications, including infection, recurrence, iatrogenic fracture, and neurovascular injury was performed.
Results: The mean operative time was 132.78±±21.08 minutes, with a mean hemoglobin drop of 3.06±±0.82
g/dL within the first postoperative week. The mean duration of postoperative follow-up was 52.08±±28.72
months for all patients. Postoperative range of motion showed improvement from preoperative. Flexion and
external rotation (mean, 58.89±±30.60。and 16.67±±18.03。, respectively) showed the greatest gain of motion of
the operated hip joint. Postoperative infections resolved in two cases through surgical debridement, and one case
required conversion to total hip arthroplasty due to instability. There were no recurrences, iatrogenic fractures, or
neurovascular injuries.
Conclusion: Resection is a beneficial intervention for restoring the functional range of motion of the hip in order
to improve the quality of life for patients with NHO and neurological disorders. We recommend performance of
a minimal resection to achieve a targeted functional arc of motion in order to minimize the risk of postoperative
complications.
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INTRODUCTION

Neurogenic heterotopic ossification (NHO), which is char-
acterized by aberrant formation of ectopic bone in the soft
tissue, typically around a joint, occurs in patients who have
sustained neurological trauma. NHO includes central ner-
vous system damage, which is most common in cases of trau-
matic brain or spinal cord injury, with an incidence rate for
NHO of 20-30%1-5). Atraumatic insults to the central nervous
system associated with pathogenesis of NHO include cere-
brovascular accident, cerebral anoxia, and brain tumors2,6-8).
However, occurrence of NHO is rare in stroke patients;
Varghese reported an incidence of 0.5-1.2%9), however, a
recent multicenter cross-sectional study of 17,794 stroke
patients conducted in 2019 by Cunha et al.10) reported that
the incidence of clinically and radiologically apparent
NHO was 1.3% during a 10-year period. Risk factors for
NHO in this patient group include hemorrhagic or hemor-
rhagic deformable ischemic stroke, severity of early neu-
rological lesions, and spasmodic and cognitive impair-
ment7,10).

The hip joint is most commonly affected by NHO2,11),
followed by NHO in other large joints12,13). Patients gener-
ally develop fever, pain, swelling, and erythema around
the affected joint and, if untreated, these symptoms can
progress to an established heterotopic ossification (HO)
that can lead to joint stiffness or even ankylosis wherein
the stiff or ankylosed hip joint is fixed in a non-functional
position, which can impede nursing care, including hygiene
care and obtaining a stable sitting posture. In advanced cases,
NHO can lead to development of ulcers that can have addi-
tional adverse effects on the patients’ quality of life.

Despite various surgical complications, including exces-
sive bleeding, infection, recurrence, binary fractures, and
neurovascular damage, resection remains the only proven
treatment for NHO5,6,14-17). Thus there are questions regard-
ing the appropriateness of resection in management of NHO.
The aim of this study was to evaluate the clinical outcome
and safety of resection of ankylosed hip NHO in stroke
patients.

MATERIALS AND METHODS

1. Participants

This study was approved by the Institutional Review Board
(IRB) of Chonnam National University Hwasun Hospital
(IRB No. CNUHH-2022-232). The written informed con-

sent was waived by the IRB due to the retrospective nature
of the study. This retrospective single-center cross-section-
al study was conducted in order to examine the clinical out-
comes and complications of surgical treatment of NHO per-
formed at Chonnam National University Hwasun Hospital
from 2010 to 2018. Patients who underwent resection of
NHO that occurred after a cerebrovascular accident were
included. Our surgical indications were patients who met
both of the following conditions: (1) Patients with difficul-
ty in wheelchair ambulation or perineal hygiene care because
of an ankylosed hip due to HO, (2) HO is matured. The diag-
nosis was based on evidence of simple radiographic appear-
ance following exoskeleton formation. A preoperative com-
puted tomography (CT) scan with three-dimensional (3D)
reconstruction was used for comprehensive surgical plan-
ning, followed by surgical resection of the exoskeleton.

2. Operative Method

All operations were performed by one of the two senior
hip surgeons in Chonnam National University Hwasun
Hospital. A thorough review of the CT scan was performed
by the operating surgeon in order to determine the surgical
approach. A Smith-Peterson approach was used in all cases
included in this study. The hip joint capsule was preserved
as much as possible. Differentiation from normal bone was
sometimes impossible due to matured ectopic bone. Therefore,
an image intensifier was used to guide the resection, which
was halted after the desired functional range of motion had
been obtained. Repair of the joint capsule was performed
in cases of an unintentional breach. A negative-pressure
drain was inserted in all cases to reduce the risk of postop-
erative hematoma formation. Postoperative monitoring of
the hemoglobin level was performed.

For prevention of recurrence, adjuvant radiation therapy
was performed within 24 hours after the operation if avail-
able. Patients also took etidronate or non-steroidal anti-
inflammatory drugs (NSAIDs) medication postoperatively.

3. Follow-up

The patients were observed during follow-up, after the
first and third months after discharge, and every six months
thereafter. The range of motion was recorded during follow-
up, and a plain radiograph of the hip was obtained to mon-
itor for recurrence of HO.
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4. Evaluation Methods

The following data were extracted from the electronic
medical records of each patient: age, sex, side, location of
NHO, severity of NHO according to Brooker grading18),
previous history of the hip joint on the affected side such
as history of other disease or operation, interval from time
of neurological insult to time of resection surgery, and oper-
ation-related details, including operating surgeon, surgical
approach used, duration of operation, and the maximum
hemoglobin decrease within the first postoperative week.
The pre- and postoperative range of motion of the operat-
ed hip were compared for determination of the clinical out-
come and all postoperative complications were document-
ed. Statistical analysis was performed using IBM SPSS
Statistical software (ver. 25; IBM), and P<0.05 was consid-
ered statistically significant. A comparison of range of motion
between the preoperative and postoperative period was per-
formed using a Mann–Whitney test.

RESULTS

From 2010 to 2018, nine hip NHO resections were per-
formed in seven patients (all patients were male); four resec-
tions were performed on the right hip and five on the left
hip. The mean age of patients in our series was 51.44±9.42
years. All nine hip NHOs occurred after a cerebrovascular
accident and none of the patients had previous history such
as history of other disease or operation for the hip joint on
the affected side. The mean duration of follow-up was 52.08
±28.72 months. The mean interval from the cerebrovas-
cular accident to NHO surgery was 36.27±25.61 months.
According to the Brooker classification for HO, three cases
of NHO were graded as Class III and six cases were grad-
ed as Class IV18). Regarding the location of the ectopic bone,
all NHOs occurred at the anterior aspect of the hip along
the iliopsoas muscle, and additional NHO was detected at
the lateral aspect of the hip along the gluteus medius in one
case. Details regarding the demographic distribution are
shown in Table 1.

In the preoperative physical examination, only a limited
range of motion of less than 30。in all motions of the hip
joint was observed in seven out of nine cases. Ambulation
was only possible in one case. Details regarding the preop-
erative range of motion and ambulation status are shown
in Table 2.

CT scan images obtained preoperatively and plain radi-
ographs obtained after sequential excision surgery in a rep-

resentative case are shown in Fig. 1.
The mean operative time for NHO surgery was 132.78±

21.08 minutes. The hemoglobin drop in the postoperative
period was 3.06±0.82 g/dL in the first week. The amount
of preoperative transfusion of packed red cells (PRC) was
3.89±2.71 packs, and one pack of PRC was 320 mL. The
amount of heterotopic bone removed intraoperatively was
225.89±67.30 g. To prevent recurrence after the operation,
all patients took NSAIDs medication per oral. In addition-
al, radiation therapy was administered in two patients, two
patients took etidronate medication per oral, two patients
received both, and three patients did not receive either one.
Detailed postoperative information is shown in Table 3.

The pre- and postoperative range of motion of the oper-
ated hip were compared in order to determine the primary
outcome of our study. Details regarding the postoperative
range of motion are shown in Table 4. Improvement of the
total range of motion to 153.89±38.14。was observed post-
operatively. The range of motion before and after surgery
differed significantly, except for abduction range. Flexion
and external rotation showed the most significant gains in
range of motion, with mean improvements of 58.89±30.60。
and 16.67±18.03。, respectively. This improved function-
al range of motion was particularly important for achieve-
ment of a stable sitting posture as well as for perineal hygiene
care. Results on the improvement in the range of motion
are shown in Table 5.

There were two cases of postoperative infection in our cohort.
The first patient presented with wound dehiscence and ooz-
ing after transfer to the ward in the initial postoperative peri-
od. The hematoma was identified based on a CT scan (Fig.
2). The second patient presented with late erythema and
swelling during subsequent follow-up, and a CT scan con-
firmed abscess formation with gas at the NHO resection
site. In both cases, resolution of the complications was achieved
after surgical debridement with insertion of a negative pres-
sure drain and a short course of systemic antibiotics.

In addition, this cohort included one case of late joint insta-
bility and subluxation in a patient with relatively few limi-
tations in the range of hip joint motion who was able to stand
up with use of a walker during the preoperative physical
examination. Despite the initial improvement in range of
motion, the patient complained of slowly progressing pain
over the operated hip. Progressive subluxation and osteoarthrit-
ic changes of the hip were observed on serial plain radiog-
raphy during the follow-up. The patient underwent a total
hip replacement surgery nine years after the initial NHO
surgery, which resulted in resolution of the symptoms. There
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were no cases of recurrence, iatrogenic fracture, or neurovas-
cular injury in our cohort.

DISCUSSION

Although extensive study has been conducted in recent
years, the precise pathophysiology underlying the develop-
ment of NHO remains unclear15,19), despite growing evidence
of the induction of HO via the release of osteoconductive
factors, produced by a complex interface between local and
systemic conditions that includes the autonomous nervous
system and inflammatory responses20,21). There is still no
effective preventive intervention for NHO despite the use
of a few widely accepted prophylactic methods, including
NSAIDs, such as indomethacin and celecoxib22), and radi-

ation therapy23,24). There are questions regarding the effec-
tiveness of prophylactic treatments, and there is consider-
able variation in the dosage and dosing interval used in dif-
ferent centers.

In patients with established NHO, the limitation of the
range of motion of the hip joint can have adverse effects on
the patient’s quality of life, causing many difficulties in daily
life. Thus far the only effective treatment is resection or total
hip arthroplasty3,10,14,25), which, although efficient in recov-
ery of motion in the NHO-involved hip joint, is technically
demanding and is associated with a high risk of complica-
tions that include excessive bleeding, recurrence, infection,
iatrogenic fracture, and neurovascular injuries17).

The earliest incidence of infection following NHO resec-
tion was reported by Garland and Orwin16) in 1989, where-

FFiigg..  11.. (AA, BB) Preoperative plain radiograph and computed tomography scan of a stroke patient with left hip neurogenic het-
erotopic ossification. (CC, DD) Immediate operation plain radiograph and clinical photo of removed heterotopic ossification. (EE)
Follow-up plain radiograph taken one year after surgery.

A B

C

E

D
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in superficial or deep infection was detected postopera-
tively in 79% (19 out of 24) of operated hips. Two studies
by Stover et al.26) and Meiners et al.5) reported postoperative
infection rates of 9% and 12% in 42 and 41 hips, respec-
tively. A more recent study by Gatin et al.4) in 2017 report-
ed an overall postoperative infection rate of 10%, of which
22% of cases occurred in patients with spinal cord injury
and 5% in patients with other causes of NHO. We observed
a rate of postoperative infection of 22% in our study group,
which is comparable to those reported by other authors.

Postoperative recurrence of HO is a problematic compli-
cation for the patients and can be worrisome for the treating
surgeon. Garland and Orwin16) reported a recurrence rate of
86% in their study conducted in 1989, whereas Almangour
et al.14) reported a much lower recurrence rate of 5.6% in
their more recent study conducted in 2016. This wide range
is the result of a lack of consensus on the definition of recur-
rence14). Waiting for the ectopic bone to mature prior to resec-
tion by monitoring the patient’s symptoms and the serial
plain radiography is the common practice. Alternatively,

FFiigg..  22.. (AA) Preoperative plain radiograph of a stroke patient with bilateral hip neurogenic heterotopic ossification. (BB)
Immediate operation plain radiograph. (CC, DD) Computed tomography scan performed two weeks after surgery showing
hematoma formation.

A B

C D

Table 5. Improvement in ROM of NHO Patients

Preoperative Postoperative Improvement P-value

Flexion (。) 031.11±±22.05 090.00±±22.36 058.89±±30.60 0.000
Extension (。) –16.67±±14.14 00.00±±0.00 016.67±±14.14 0.014
Internal rotation (。) 0–4.44±±12.36 07.78±±3.63 012.22±±12.28 0.004
External rotation (。) 011.11±±15.37 027.78±±10.93 016.67±±18.03 0.024
Abduction (。) 009.44±±10.44 018.33±±12.25 008.89±±13.41 0.136
Adduction (。) 00.00±±6.12 10.00±±7.91 10.00±±8.29 0.019
Total ROM (。) 030.56±±43.76 184.44±±58.97 153.89±±38.14 0.000

The P-values are of inter-group comparisons, with P<0.05 indicating significance.
ROM: range of motion, NHO: neurogenic heterotopic ossification.
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bone scintigraphy, a sensitive examination for detecting HO,
which is widely accepted as an effective method for deter-
mining the maturity of the ectopic bone, can facilitate plan-
ning of the excision timing27,28). However, according to find-
ings from recent studies, the risk of recurrence is indepen-
dent of the timing of surgery6,14,29). Early performance of an
operation is feasible, and surgery should not be unduly
delayed while waiting to observe a “cold” lesion on bone
scintigraphy. In our series, bone scintigraphy was not per-
formed to determine the maturity of the NHO, and resec-
tion was planned and performed as soon as NHO had caused
significant functional interference in posture or the nursing
process for the patient.

Nevertheless, development of a clear goal for each patient
before the surgical removal of NHO is important. The tar-
geted range of motion that should be achieved during the
resection surgery should be determined by the operating sur-
geon. Thorough preoperative planning based on CT scans
can guide the surgeon with regard to the target amount of
ectopic bone to be removed to obtain the range of motion
required for achievement of functional improvement. A
complete resection of all ectopic bones, as used in the onco-
logical approach, unnecessarily increases morbidity with-
out additional advantage to the patient and should therefore
be avoided15). Besides increasing the risk of bleeding, the
resulting larger dead space can lead to hematoma formation
and increased risk of infection. In addition, there may also
be a risk of iatrogenic fracture or joint instability.

One case of late instability following NHO resection that
eventually required a total hip replacement was identified
in our cohort. We believe that the instability was a result of
overzealous removal of ectopic bone, as matured ectopic
bone is indistinguishable from the underlying normal bone3).
Under the guidance of the image intensifier, assessment of
the intraoperative range of motion by the operating surgeon
is important, and resection should be halted when the desired
range of motion has been achieved.

No cases of recurrence, iatrogenic fracture, or neurovas-
cular injury were observed in our study group, which we
attribute to use of meticulous surgical technique and con-
duct of detailed preoperative planning for each patient. It
is interesting to note that our cohort includes two stroke
patients with bilateral hip NHO. Development of NHO on
the non-paretic side was uncommon and was barely dis-
cussed in case reports30), until a recent study published in
2019, wherein Cunha et al.10) reported an incidence of bilat-
eral NHO of 0.2% in 17,794 stroke patients who were includ-
ed in their study. In our study, to minimize the risk of exces-

sive intraoperative bleeding, resection of bilateral hip NHO
was performed in a sequential setting with an interval of 3-
6 months.

One limitation of this study is the relatively small sam-
ple size, which can be attributed in part to the retrospective
study design, as some of the patient data were missing and
some patients were lost to follow-up. However, because
only a few studies on NHO resection in stroke patients have
been reported, we believe that the results of this study pro-
vide a framework for designing future studies and will be
helpful in determining the policy for treating rare cases of
NHO in stroke patients.

CONCLUSION

In conclusion, NHO resection in stroke patients is a ben-
eficial and effective surgery for recovering functional range
of motion of the hip and improving quality of life in patients
with neurological disorders. To minimize the potential risk
of operative complications, we recommend performance of
a minimal resection surgery to achieve the desired function-
al range of motion over a complete removal of the ectopic
bone.
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