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Pur pose: Neurogenic myositis ossificans (NMO) in patients with traumeatic spind cord or brain injuries can cause
severe joint ankylosis or compromise neurovascularture. The purpose of this study was to evauate the clinical
and radiologica outcomes of and review considerations relevant to surgical resection of NMO of the hip joint.
Materials and Methods: Six patients (9 hips) underwent periarticular NM O resection between 2015 and 2017.
The medical records of these patients were retrospectively reviewed. Preoperative computed tomography
including angiography was performed to determine osteoma location and size. Improvement in hip motion
alowing sitting was considered the sole indicator of a successful surgery. The anterior approach was used in dl
patients. The ranges of motion (ROM) before and after surgery were compared.

Results: The mean time from accident to surgery was 3.6 years. Average ROM improved from 24.3° (flexion
and extension) to 98.5° (flexion and extension) after surgery, and improvement was maintained at the last
follow-up. No commom complications (e.g., deep infection, severe hematoma, deep vein thrombosis) occurred
in any patient. Improvement in ROM in one hip in which surgical resection was performed 10 years after the
accident was not satisfactory owing to the pathologic changesin the joint.

Conclusion: Surgical excision of periarticular NMO of the hip joint can yield satisfactory results, provided that
appropriate preoperative evauation is performed. Early surgica intervention yields satisfactory results and may
prevent the development of intra-articular pathol ogy.

Key Wor ds: Hip, Ossification, Heterotopic, Margins of excision, Myositis ossification

INTRODUCTION
Submitted: March 14, 2018 1st revision: April 25, 2018
Final acceptance: May 9, 2018 . " L . .
Address reprint request to Neurogenic myositis ossificans (NMO) is a pathologic
Yerl-Bo Sung, MD condition characterized by formation of heterotopic peri-
[https://orcid.org/0000-0002-6628-0530) _ articular ossification after severe brain or spinal cord
Department of Orthopaedic Surgery, Inje University Sanggye Paik . L
Hospital, Inje University College of Medicine, 1342 Dongil-ro, injury?. The reported incidence of NMO ranges from 10%
Nowon-gu, Seoul 01757, Korea to 23% after spinal cord injury, and large joints, often hips,
TEL: +82-2-950-1032 FAX: +82-2-934-6342 be affected? f mi ificati
E-mail: ybs58@paik.ac.kr are prone to be affect . In cases of minor ossification,
conservative treatment might suffice to facilitate performing
This is an Open Access article distributed under the terms of the Creative

Commons Attribution Non-Commercial License [http-//cr‘eat\vecommomg dally Ilfe aCtIVItI?S.WIt.hOUt dl&omfort at an early or even
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, later stage of ossification®.

distribution, and reproduction in any medium, provided the original work is However. in cases of Ia’ge ossifications Ie’o‘dlng to severe
properly cited !

86 Copyright © 2018 by Korean Hip Society



Hip & Pelvis

Byung-Ho Yoon et a. Ankylosing Neurogenic Myositis Ossificans of the Hip

ankylosis or neurovascular compromise, surgical excision
of heterotopic bone formations may be the only effective
option®. Surgery requires rigorous organization and planning
owing to the high risk of vascular injury, and the decision
to attempt surgery must be made after providing precise
counseling to the patient before surgery and highlighting
the expected level of functional gain®.

To the best of our knowledge, no case series of NMO
of the hip joint requiring surgical resection have been
reported in East Asia. This study aimed to evaluate the
clinical and radiological outcomes of and review the
challengesin surgical resection of NMO of the hip joint.

MATERIALS AND METHODS
1. Study Population

Medical records of 6 patients (9 hips; all men), who
underwent surgical resection of NMO between 2015 and
2017 were retrospectively reviewed. Five patients had a
history of spinal cord injury and 1 experienced a brain
injury. The indication for surgery in all patients was
severe periarticular heterotopic ossification limiting
functional activity, particularly range of motion (ROM).
The patients in our study experienced extreme difficulty
in maintaining body balance and could not sit on a
wheelchair. We decided on surgical resection after the
maturity of the NMO was confirmed radiologically
when a normal serum alkaline phosphatase level was
maintained for more than 6 months. The average age of
patients at the time of surgery was 40 years; the mean
follow-up period was 20 months (Table 1).

2. Preoperative Evaluation and Preparation

Preoperative computed tomography (CT) scans including
angiographies were performed for al patients to determine
thelocation and Sze of ogteomeas, and the volume, morphology,
borders, and changesiin hip joint; itsrelationship to the joint
cgpaule and femord and circumflex vessdswas aso evauated.
Physical examinations including ROM and neurological
examination to determine the severity of cord injury were
peformed at the time of admission. Ambulatory status was
graded using the Gross Motor Function Classification System
(GMFCS) score”.

In 3 patients who had undergone surgery in both hips,
staged surgery (1 week between the first and the following
contralateral surgery) was performed, given the extensive
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Table 1. Preoperative Demographic Details of Patients

Main
location

Post-injury
ambulatory
state*

surgery (yr)

Time between
accident and

Prior injury on neurology

Sex/age at BMI Follow-up Site
(kg/m?) duration (yr)

surgery (yr)

Number

Anterior

\Y

—

Leve

2.1

Spinal cord injury at C4/5 level
Spinal cord injury at C6/7 level
Spinal cord injury at C6/7 level
Spinal cord injury at T8/9/10 level
Spinal cord injury at C4/5 level
Spinal cord injury at C4/5 level
Brain injury (subdural hemorrhage)

Left

0.7
0.8
0.8

23.5

M/57

Anterior

Anterior

Anterior

Anterior

Anterior

—_— o — — —

2.4
2.4

Right

Left

19.6

M/18

19.6

M/18

Right
Right
Left

1.0

22
1.0

20.7

M/47

10
10
2.7

M/38

1.0

20.7

M/38

Anterior

v
\'
\'

—

Leve

Right
Right
Left

21.4

M/48

Anterior
Anterior

—p—

Leve
Leve

1.5
1.5

Spinal cord injury at C3/4/5 level
Spinal cord injury at C3/4/5 level

22.2
22.2 3.5

M/31
M/31

BMI: body mass index, M: male.

* Gross Motor Function Classification System score.
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blood loss during surgery. In al patients, 1 g of ferric
carboxymdtose (Ferinject®; Vifor Pharma, Bern, Switzerland)
was injected before surgery, and the same dose was
administered after surgery along with 1 g of tranexamic
acid to minimize the risk of bleeding.

3. Surgical Treatment and Postoperative Care

The anterior approach was used for resection of the
heterotopic ossification (HO) in dl patients and an anterior
soft-tissue rel ease was performed if necessary®. The NMO
affected bone was surrounded by a periosteum-like capsule
and lay between muscular planes (Fig. 1A). The surgica

margins were determined using the line paralel to the
iliac crest on the upper border and the lesser trochanter
as the lower-upper border. All bone blocks that hindered
hip activity were removed, and subsequently, manipulation
of the hip was performed intraoperatively to evaluate the
ROM of the hip and potential bone impingement (Fig.
1B). Physiotherapy was provided after removal of drains
after surgery, and indometacin (100 mg) once daily for 6
weeks was administered to dl patients to prevent recurrence’.
After discharge, patients were routinely followed up at 6
weeks, 3 months, 6 months, and 12 months postoperatively
and annually thereafter. Follow-up examinations focused
on ROM and any recurrent ossification.

Fig. 1. An 18-year-old male patient complaining of severe ankylosis in the right hip joint. (A] Intra-operative image of the
right hip showing an irregularly shaped, 13 cm wide, 25 cm long osteoma. (B) The osteomas were very large and had to be
split into several pieces to be removed. (C) Anteroposterior radiogram showing complete ankylosis of the hip. (D) Radiogram
at 1 year after surgery showed small calcific deposit but no evidence of recurrence of severe ossification.
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4. Outcomes and Statistics

We reviewed all surgical reports and collected the
following data: age, sex, date of the accident and type of
accident (brain trauma, spinal cord trauma, level of cord
injury or other), post-accident ambulatory function (using
GMFCS)®, pre- and post-operative ROM, surgery time,
and surgical complications.

Descriptive statistics were reported as means and
standard deviations for continuous variables and as total
number and percentage for discrete variables. The Wilcoxon
signed rank test was used to compare preoperative ROM
to ROM immediately after surgery and that at the last
follow-up. Statigtical analyses were performed using SPSS
for Windows version 16.0 (SPSS, Chicago, IL, USA). The
study design and protocol of this work were approved
by the institutional review board of Inje University

Table 2. Operation Details in Patients

Variable Data
Operation time (min) 144.0£56.9
Mean intraoperative blood loss (mL) 971.0£327.1
Mean postoperative drainage (mL) 654.01£359.3
Red blood cell transfusion (unit) 1.9+0.8
Preopertive range of motion 24.3+11.3
Postopertive range of motion at 98.548.9

last follow-up

Values are presented as mean=*standard deviation.

Seoul Paik Hospital (PAIK-2018-02-005).
RESULTS

Mean operation time was 144 minutes, and no
intraoperative iatrogenic fracture of the femur or the
acetabulum occurred, even in patients with severe ankylosis
(Fig. 1C). All patients showed remarkable increase in
ROM after surgery and during the follow-up period
(Table 2). The average ROM improved from 24.3° (flexion
and extension) preoperatively to 98.5° postoperatively
(flexion and extension), with a maximum improvement
at last follow-up of 98.5° (p<0.01). Complications (e.g.,
deep infection, severe hematoma, deep vein thrombosis)
were not experienced by any patient. Of the 9 hip joints,
2 redeveloped smd| boneidandsin the soft tissues 6 months
after surgery; however, no severe ossfication recurrence was
observed in any patient and ROM improvement immediately
after surgery was maintained (Fig. 1D). For two hips (hip
number 5 and 6) for which resection was performed 10 years
after the accident, ROM improvement was not satisfactory
owing to pathologic changesin thejoint (Fig. 2).

DISCUSSION

The pathophysiology of NMO is not completely understood.
However, several groups have provided clear evidencein
support of a humoral mechanism for accelerated fracture

Fig. 2. Anteroposterior radiogram of a 31-year-old male patient reveals large bilateral osteomas of the hips in a bridge from
the iliac bone to the femoral shaft (A]. (B) Postoperative radiogram é months after surgical resection of neurogenic myositis

ossificans showing joint destruction with collapsed joint space.
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healing leading to increased bone formation®*. Serum
taken from patients with an injured central nervous system
contains increased circulating growth factors (e.g., insulin-
like growth factor |1, platelet-derived growth factor,
interleukin-1, and interleukin-6)+9. More recently, specific
neurotransmitters (e.g., leptin) have also been shown to
play apotentid role in bone metabolism viathe hypothaamus
and sympathetic nervous system”*®, However, not al patients
with similar characteristics and demographics develop
NMO indicating that several genes might be responsible
for the development of NM O,

The use of nongteroidd anti-inflammeatory drugs (NSAIDs)
for prophylaxis of NMO is based on mechanismsinvolving
the systemic inhibition of prostaglandins, as evidenced by
circulating humoral factors®. Low-dose radiation therapy
is another option; however, we only use NSAIDs based
on the patient’s preference. During follow-up, recurrence
was found in 2 patients in the form of asmall bony lesion
which was not clinically significant.

NMO isrdatively different from HO induced by surgery.
NMO develops in connective tissue between muscular
planes without involving the musclet®. On the other hand,
HO has been shown to destroy surrounding muscles?.
Quadriceps femoris and iliopsoas muscles are known to
be the mogt affected musclesin NMOP. Intraoperdtively, we
found that the sartorius, quadriceps, and iliopsoas muscles
which lay anterior to the hip were intact but slightly
atrophied because of the large bone mass. No femoral
neurovascular structures were entrapped in the NMO in
our patients and it was easy to retract the femoral
neurovascular bundle from NMO.

Although there is a lack of consensus regarding the
appropriate timing for excision of ossification, prolonged
delay can lead to poor functional recovery because of
pathologic changes induced by prolonged immobilization?.
Stover et d.® observed joint surface narrowing with atrophy
and severe ogteoarthritic change and suggested thet prolonged
immobilization stimulates fibro-fatty proliferation and fibrous
ankylosis. In our series, 1 patient underwent resection 10
years after the accident; severe osteoarthritic changes were
observed, which resulted in unsatisfactory postoperative
ROM (80°). Although acetabular dysplasia has been noted
after surgical resection, pressure necrosis at the cartilage-
cartilage interface could result from a prolonged ankylosing
period®.

The petient’s conditions (e.g., pain, swelling, a high serum
alkaline phosphatase level, 3-phase bone scan, CT) have
been suggested as indicators of the maturity of ossification?.
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We performed surgery when CT indicated lesions with
smooth, well-demarcated margins and defined trabecul ations
and a normal serum alkaline phosphatase level was
maintained for more than 6 months”. Many authors advoceate
the use of bone scan to evaluate the maturity of NMO™,
However, we were able to perform pre-operative bones
scans only in some patients owing to patients' condition.
Our study had some limitations. Firg, it was aretrogpective
study including a small number of patients. Second, the
follow-up period varied among patients. Third, clinical
results other than the improvement of ROM were not
evauated. However, most of the patientsin our cohort were
quadriplegic who hardly felt pain and could not walk.

CONCLUSION

Surgical treatment of HO of the hip is effective when
performed in patients with appropriate indications.
Preoperative CT is essential for assessing joint space
change and preoperative planning. Prolonged delay in
surgery can lead to pathological intra-articular changes,
which can affect functional recovery.
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