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Heterotopic hip ossification in patients with severe acquired 
brain injury: When surgical intervention is recommended
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Introduction

The production of ectopic lamellar bone in soft tissues is 
known as Heterotopic Ossification (HO). HO is a common con-
sequence following trauma, burns, brain injuries, and major or-
thopedic surgery. It can be thought of as abnormal tissue repair 
[1,2].

The hip is the joint most frequently affected after a severe 
acquired brain injury, affecting the prognosis of patients both 
for those who continue to have persistent disturbances of con-
sciousness, making it difficult for nurses to perform for example 
hygiene, and for those who regain consciousness but they are 
limited in their ability to care for their lower body and change 
posture (for example, from bed to standing). In 2012, Mavroge-
nis et al [3] presented a new categorization of heterotopic hip 
ossifications based on axial tomographic pictures considering 
the limitations of Brooker’s classification [4], which is based on 
anteroposterior radiography images. 

Depending on where heterotopic bone formation around 
the hip joint occurs, the Mavrogenis classification separates 
four types of neurogenic HO: 1) type 1 at the anterior hip or the 
proximal end of the femur, with or without ankylosis; 2) type 
2 at the posterior hip or the proximal end of the femur, with 
or without ankylosis; 3) type 3 at the anterior and medial hip 
or the proximal end of the femur, with or without ankylosis; 4) 
type 4 around the hip (circumferential), with or without anky-
losis), and 2 subtypes (a and b) according to the etiology of the 
neurological injury (a: Spinal cord injury; b: Brain injury). Ac-
cording to the anatomical position, this classification allows for 
preoperative planning of the surgical approach [3]. 

Here, we presented the relative prognosis of two case re-
ports of non-traumatic ABI patients with HO.

Case 1 

A 61-year-old female with headache and loss of conscious-
ness in 03/31/2020 was immediately brought to the emergency 
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facility where CT and angio-CT scan of the brain revealed rup-
ture of anterior communicating artery aneurysm. The Glasgow 
Coma Scale was 5 upon admission. On the same day she un-
derwent embolization of the aneurysm and implantation of an 
external ventricular shunt.

Long-term mechanical ventilation was necessary for the pa-
tient. She had a tracheostomy on April 11, 2020, while the ex-
ternal ventricular shunt system was removed on April 20, 2020. 
She was sent to rehabilitation facility after 30 days from event. 
She was minimally conscious state when she was admitted, 
Coma Recovery Scale-revised: 9, Level Cognitive Functioning 
III; Disability Rating Scale: 22. Radiography of the hips excluded 
heterotopic ossifications. After initial improvement in cognitive 
functioning, the patient presented neurological regression. CT 
scan revealed hydrocephalus and she was sent to neurosurgery 
unit for peritoneal ventricle shunt implant. Upon returning to 
the rehabilitation unit, in the face of cognitive improvement, 
the patient presented pain and limitation of hip joint function, 
left greater than right.

She was discharged home on September 29, 2020, emerged 
from minimally conscious state, with frontal cognitive deficits, 
psycho-motor slowness, without tracheostomy tube, with re-
covery of oral swallowing. The severe disability caused in part 
by the HO hips for which excision surgery was strongly recom-
mended to be scheduled as soon as possible (Figure 1).

Figure 1: Axial CT scans (a and b) and 3D reconstruction (c) with an-
terior neurogenic HO of the hip after 6 months of severe acquired 
brain injury post-hemorrhagic (Mavrogenis type 1b).

 Based on health care access restrictions due to the COVID-19 
pandemic, the patient underwent removal of heterotopic ossi-
fication of the left hip 15 months after being discharged from 
the rehabilitation unit. After surgery the patient returned to the 
rehabilitation unit where a new CT examination was performed 
(Figures 2,3). Subsequent time spent in a rehabilitation setting 
led to a return to independence in rising from a seated position 
and walking with a walker, as well as a reduction in the level of 
assistance with lower body care.

Surgical resection for nongenetic HO is ideally performed af-
ter the osseous maturation is complete, which is typically by 6 
months after the initiation of HO. Excision before 6 months HO 
may be associated with an increased risk of recurrence of HO 
[5].

Figure 2: CT brain control at 15 months after the event: Evidence of 
ventricular derivation on the right and bilateral frontal hypodensity 
more evident on the left.

Figure 3: Axial CT scan after left hip HO excision surgery. 

Case 2 

38-year-old female in May 2014 presented post-anoxic coma 
from cardiac arrest. June 2014 hospitalization in rehabilitation 
setting: Patient in unresponsive wakefulness syndrome/veg-
etative state, breathing with oxygen support via tracheostomy, 
feeding via nasogastric tube, indwelling bladder catheter. Coma 
Recovey Scale-r 3, Level Cognitive Functioning II; Disability Rat-
ing Scale 24. Radiography of the hips 40 days after the event 
showed initial signs of heterotopic ossifications (Figure 4). 

Figure 4: Rx right and left hip at 40 days after event: flocculent, ir-
regular near the great trochanter.

During her stay in rehabilitation the patient with persistent 
severe disorder of consciousness underwent PEG implant and 
baclofen pump implant for severe diffuse spasticity. 

One year after the ABI event, a second expert opinion was in 
line with the diagnosis of unresponsive wakefulness syndrome/
vegetative state. PET-FDG, fMRI, DTI-MRI and hd-EEG confirm 
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the diagnosis (Figure 5). In view of the fact that this condition 
was considered irreversible, at 18 month after the severe ac-
quired brain injury post-anoxic, the orthopedic specialist con-
sidered HO excision surgery not indicated. 

CT images and 3D reconstruction (figures 6 and 7) show evo-
lution of hip HO after 8 years.

Figure 6: Axial CT scan 12 months after the event: HO type 4 
around the hips (circumferential).

Figure 5: CT brain 7/11/2022: Severe profound diffuse hypoxic 
damage to the supratentoral brain parechyma. Subtentorially at-
rophy of the cerebellum and brain stem. Cortical sulci enlarged, 
isointense ventricular system with enlarged supratentorial ven-
tricles and subtentorial ventricular system.

Figure 7: CT pelvis 8 years after the event: Neurogenic HO around 
the hip (circumferential), with ankylosis.

Discussion

These two case reports of patients with severe acquired vas-
cular brain injury are paradigmatic of different therapeutic ap-
proaches based on recovery course of disease. In the first case, 
despite being less young, the improvement of cognitive func-
tioning, the removal of the trachestomy tube, the recovery of 
oral nutrition, but also the site of Type 1b HO with a lower risk 
of bleeding, allowed us to indicate the removal of the HO. Af-
ter surgery, the patient obtained an improvement in functional 
level. On the other hand, the neurological status of the second 
patient, the need for devices such as the tracheostomy and 
PEG, the risk of greater bleeding given the arrangement of the 
ossification, led the orthopedic specialist not to give any indica-
tion for its removal.

Conclusions

The decision to plan hip HO excision surgery is based on 
the expected benefit-risk ratio and the patient’s potential for 
recovery. Patients who remain in conditions of unresponsive 
wakefulness syndrome/vegetative state in many cases are not 
candidates for HO removal.
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