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ABSTRACT

Background of the study: Heterotopic ossification is a bone formation in soft tissues around large joints. It is a
serious complication affecting critical ill patients following central nervous system disorders, multiple injuries
(e.g., neurological and orthopedic injuries), severe respiratory diseases (e.g., ARDS), and burns. It can have
long-lasting effects on patient’s recovery, functional status and quality of life. The present review examines the
incidence, clinical symptoms, pathophysiology, risk factors, diagnostic methods, classification of HO in intensive
critical care unit setting. Also, physiotherapy as prophylaxis and treatment modality in HO management will be
reviewed, providing future recommendations.
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as post-traumatic, non traumatic or neurogenic,
and myositis or fibrodysplasia ossificans
progressive.!

Inintensive care unit (ICU), HO appeared in trau-

INTRODUCTION

Heterotopic ossification (HO) is a true
osteoblastic activity and abnormal formation of
mature lamellar bone within extra-skeletal soft

tissues where bone does not normally exist. It
is characterized by proliferation of fibrous tissue
and by formation of new bone with cartilage.
The lesions may occur on the external surface
of a bone or in soft tissues at a distance from
the periosteal surface.?HO has been classified
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matic brain injury®#, in spinal cord injury®, in
ARDS®, in pancreatitis’, in Guillain-Barré Syn-
drome®and in burn injuries.® The most common
clinical findings are a decreased joint range of
motion, a peri-articular swelling due to edema
of the soft tissues and pain in the affected area.®®
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The progression of HO may lead to severe
anchylosis of the joint which has a negative
impact on patient’s rehabil-itation process. In
particular, severe reduction of lower extremities
joints movement may lead to loss of an adequate
walking and sitting position and also
compromise transfers and activities of daily
living. Thus, HO expects to provoke long-lasting
morbidity in critical ill patients during ICU stay
and after ICU discharge, impairing basic daily
activities, such as walking, standing and sitting.**
Due to the great importance of the functional
status and quality of life during and after the ICU
stay, HO’s pathophysiology, early detection and
high risk factors are necessary to be thoroughly
investigated. Also, therapists’ concern is the
primary care of patient during HO’s therapy
management.

Accordingly, the purpose of the present review
is to examine the incidence, clinical symptoms,
pathophysiology, risk factors, diagnostic
modalities, classification, and physiotherapeutic
approach of HO in ICU setting. We performed a
computerized search of English-language
publications listed in the electronic databases of
PubMed up to March 2013. We also hand
searched bibliographies of retrieved articles to

identify additional potentially relevant articles.

INCIDENCE AND CLINICAL SYMPTOMS

HO is a frequent complication after central
nervous system damage as well as in patients
with long staying in ICU. The incidence of HO in
patients that are mechanically ventilated with
traumatic brain injury is referred about 13% 34
and 20% after spinal cord injury.® There is a
report of 5% incidence of HO in survivors of ARDS
6. HO after burns have low incidence of .15%,
from which the 75% of the patients had been
admitted to ICU and 50% had received
mechanical ventilator support®. The incidence of
HO in peripheral nervous system disorders as
Guillain-Barré Syndrome comes up to 6%.®

This pathological situation is expected to occupy
more than one joints referred as multi-site HO
with a percentage presented with a bilateral
symmetry.213 HO due to neurological insult
seems to influence more frequently the hip joint
with large repercussions on functional ability,
such as the ability to sit, walk and stand.>!#3
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Elbow joint has higherincidence in HO after burn
injury.®

The development of HO leads to a functional
deficit, resulting in longer rehabilitation length
of stay, and lower functional scores in kinetic
activities and quality of life.®® The early clinical
symptoms of HO in the inflammatory stage are
swelling, erythema, and warmth of the affected
joint.X° In particular, the first two clinical signs
which become apparent are the limitation of
joint’s range of motion and pain, if there is
sensory and consciousness background. These
signs will be apparent within the first 2 months
of injury or surgery, but may be revealed one
year after the insult.** There is also referred a
sign of locking at the end of the join’s motion
which remind the bony end-feel by Cyriax.° Our
findings are consistent with the current
literature, i.e., the passive range of motion of hip
and elbow in two of 20 patients with HO had
been reduced statistically significant, while the
pain of hip and elbow was significantly
increased.®®

PATHOPHYSIOLOGY

According to Chalmers et al*® it is necessary the
mediation of three conditions in bone formation:
the (a) osteogenic precursor cells, such as
apparently exists in muscle or fascia, (b) inducing
agents, stimulus, such as decalcified bone and
the (c) permissive environment which is
favorable to osteogenesis.

The pathophysiology of HO is still not completely
understood. However, humoral, neural and local
factors may all contribute to the pathophysiology
of HO. ¥ Firstly; humoral factors may play a role
in the osteo-inductive process. An osteo-
inductive protein released could be identified
from the demineralized bone tissue concerning
the in vitro induction of ectopic bone. Bone
morphogenic protein (BMP) is named this
factor.’® It is, therefore, possible that bone
resorption and collagen degradation in
neurological patients may well release osteo-
inductive factors. Secondly, the neural influence
on neurogenic HO (NHO) development cannot
be disregarded taking into account its high
incidence in neurologic disorders. For example,
inspinal cord injuries, damage to the intermedio-
lateral sympathetic columns of the traumatized
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spinal cord might predispose to NHO through
autonomic dysregulation. Also, metabolic and
vascular changes may occur. The initial stage of
NHO is characterized by local micro vascular
alterations, such as an increased vascularity,
venous hemostasis and arterio-venous shunting
in the involved tissues. These modifications in
the blood perfusion and oxygen levels of the soft
tissues might be important factors in the
appearance of NHO.*° Thirdly, the local factors,
which have avital role in HO’s development, are
venous thrombosis or hemostasis, (local)
infection, decubitus ulcers and (micro) trauma.
These factors may lead to tissue damage and
inflammatory reactions provoking edema and
tissue hypoxia and may predispose to ectopic
bone formation either by providing a permissive
environment or by releasing humoral factors
through the inflammatory process.

HO can occur through either intramembranous
without a cartilage precursor or endochondral
through a cartilage precursor mechanism.? Stem
cells become abnormally activated to form bone.
With muscle satellite cells, bone marrow-derived
stromal cells, fibroblasts and adipose-derived
stromal cells have been the most commonly
investigated tissue source for identification of
the cellular origin implicating to HO’s process.
Adipocytes seem to have been contributing in
the formation of HO through inducing tissue
hypoxia.?® Mesenchymal stem cells are
traditionally considered to be the primary cell
type involved in HO, although distinct
populations of skeletal muscle-derived stem cells
and migrated osteoblastic cells may further play
an important role.?* More investigation into the
identification of putative osteogenic factors that
enter the systemic circulation, using human
tissues and new techniques, is proposed.?

RISK FACTORS

Neuromuscular blockage interfering has an
important role in the occurrence of HO in patient
with ARDS, referring it as pharmacologically
paralysis, which could be in parallel with damage
in the central nervous system.?*?* Goodman et
al® reported that neuromuscular blocking
agents are important risk factor for the
development of HO in 6 cases of ARDS patients.
Also, Dellestable et al* found that the duration

Int J Physiother Res 2013;01(4):188-95.

ISSN 2321-1822

of sedation is a potential risk factor for the
development of HO to 5 ICU patients with ARDS
who did not be treated with neuromuscular
blocking agents. Similarly, Sagita et al* reported
a case of development of HO on bilateral hips
and knees in terms of prolong sedation. All of
the aforementioned studies are case reports
without performing valid statistical analysis.
There is no current large prospective
multivariable study to support that either
neuromuscular blocking agents or sedation are
risk factors for the development of HO in critical
ill patients.

Immobilization has been referred in several
articles as a potential risk factor for the
development of HO.®?” Immobilization in ICU
patients has been linked with disuse atrophy,
pro-inflammatory state and muscle loss which
could lead to prolong ICU stay and mechanical
ventilation.?® This pro-inflammatory stage of
immobilization is a permissive environment for
HO. Inflammation subsequent to trauma or burn
leading to edema and tissue hypoxia is referred
to play a significant role in ectopic bone
formation.t"?° Future research should investigate
which is the inflammatory profile of patients that
finally develop HO, as inflammatory have been
shown to be necessary in HO formation and can
also lead to bone damage and desorption.?°
However, van Kampen et al* did not found
significant predictive value of immobilization
period and HO formation in ICU patients with
severe traumatic brain injury, maybe, due to the
small sample size of their study. Furthermore,
after a period of immobilization, micro-
traumatism due to aggressive mobilization is a
possible mechanism where passive movements
shear and tear soft tissues provoking the
development of HO.°

Another factor widely discussed to contribute
in HO triggering is mechanical ventilation,®482930
Newman et al®*' suggested that respiratory
artificial hyperventilation in severe head injured
patients, in terms of reducing intracranial
pressure or the independent hyperventilation,
could lead to a respiratory alkalosis,
consequently to a pH alteration; thus, change
of the precipitation kinetics of calcium and
phosphate salts, leading to accelerate fracture
union.
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Hendricks et al® found that those patients with
brain injury who developed HO had been in
mechanical ventilation longer than those who
have not developed (22.33+13.47 days versus
7.25+7.78 days, z =3.68, p<0.001). Also, van
Kampen et al* reported statistically significant
longer period in mechanical ventilation in
patients who develop HO than those who did
not develop (M= 16.5 days versus 6.87 days,
z=-3.05, p=0.002). Future studies with larger
sample size may confirm the relationship of
mechanical ventilation and HO and to investigate
the exact mechanism of their interrelationship
in developing HO.

The coma duration and the severity of injury
have also been reported as risk factors for the
development of HO.** Hendricks et al® found
that patients with HO sustained more severe
brain injuries as this determined by coma
duration, days of mechanical ventilation, diffuse
axonal injury and spasticity. Also, Simonsen et
al®*? reported significant positive correlation
between HO and Injury Severity Score. More
research needs to confirm the importance of
these risk factors in HO’s occurrence.

Autonomic dysregulation is referred as a possible
mechanism in the occurrence of HO in spinal
cord injury patients.*” Hendricks et al® and van
Kampen et al* reported strong relationship
between autonomic dysregulation and HO in
traumatic brain injury. Chauveau et al®
suggested an association between hypothalamic
leptin signaling and brain injury related HO.
Although the causal mechanism between
autonomic dysregulation and development of
heterotopic bone formation has not yet been
confirmed, autonomic nervous system may have
an important regulating role in bone formation
in traumatic brain injury patients.

Other risk factors which have been investigated
in HO’s development are the complete spinal
lesion®3*% the pressure ulcers 3% and the
spasticity.>3* Also, urinary tract and respiratory
infections have been observed before and after
HO’s development due to metabolic changes and
the release of inflammatory mediators.>* In
particular, according to Citak et al® the
inflammatory processes seem to be of great
importance. The aforementioned authors found
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association of HO and pneumonia, thoracic
trauma, necessity of tracheostomy and nicotine
abuse; factors that linked with lung
inflammatory reaction. Furthermore, there is
higher incidence of HO in those patients with
greater total body burn surface area at
approximately 40%.° At last, HO have been
referred to dominate in male gender and young
age "3 due to higher repercussion of trauma in
males.’

DIAGNOSIS AND CLASSIFICATION

Radiography is a fast, cheap modality and it
contributes to confirm clinically a suspected HO.
Radiographs allow detection of HO
approximately 4-5 weeks after the initial
neurological trauma.'®* Magnetic Resonance
Imaging (MRI) has been used in early diagnosis
of HO in critically ill patients. Positive MRI
findings appeared simultaneously with clinical
signs (1.4+1.2 days following clinical diagnosis),
whereas X-ray diagnosis was evident at 23+4.3
days. However, there were risks of transporting
critical ill patients and the cost of this method
poses limitations for more extensive use.? Also,
there is low specificity of MRI in the initial stages
of HO.1%3¢ The bedside ultrasonography (US) is a
safe, cheap and useful tool in diagnosis of NHO.
It detects HO sooner than does conventional
radiography.®38 It is the best investigative
modality not only for the early identification, but
also for the follow-up of HO. It has high
sensitivity and specificity for the early diagnosis
of HO 1 week after total hip arthroplasty.* Also,
Thomas et al* were able to identify nearly 80%
of the patients 1 week following surgery who
would suffer from HO 2 weeks later. Thus,
ultrasound might play an essential role in the
early detection of HO, thus adapt or initiate
prophylactic treatment. However, US have
strongly been associated with the operator’s
expertise.***’

The most widely used classification system is still
the one developed by Brooker et al** which
referred to the HO of hip joint in patient
underwent total hip arthroplasty. This was based
on anteroposterior roentgenogram findings 6
months postoperatively.
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In Brooker’s classification there are four classes,
namely Class|representsislands of bone within
the soft tissues about the hip to Class IV the
apparent bone ankylosis of the joint which has
functional impact. The major limitation of this
classification is that it is referred to post-
traumatic ossification and not to NHO. Recently,
Mavrogenis et al*? develop a method of
classification according to the mechanism of
neurological injury (spinal cord injury or brain
injury) and the location of HO presented in axial
computed tomography (anterior, posterior,
anterior, medial circumferential). This
classification tries to guide the surgical approach
and estimates the prognosis regarding the blood
loss, transfusion requirements and recurrence
of neurogenic HO. Another general system of
classification is the modified radiological and
functional GCG-BD classification of HO formation
referred in all joints.**The GCG-BD classification
(Table 1) allows integration of any imaging
method and taking into account functional
deficits and clinical symptoms by adopting the
four classes of Brooker’s classification. Genet et
al** reported a strong correlation between
GCG-BD and Brooker’s classification method.

1-3 islands of bone within the soft tissues
%?2cm; no functional deficit or symptoms of
the involved joint or body segment

Class |

>3 islands of bone within the soft tissues or
at least one >2cm; no or minor functional
deficit or symptoms of involved joint or body
segment

Class Il

Class Il definition related to number and size
of bone islands, but major functional deficit
or symptoms of involved joint or body
segment

Class Il

Class Il definition related to number and size
of bone islands, But complete functional loss
or severe symptoms of involved joint or body
segment

Table 1. Modified radiological and functional GCG-BD
classification of HO (Seegenschmiedt et al®).
PHYSIOTHERAPEUTIC PROPHYLAXIS AND
TREATMENT

According to the literature there are three
methods of prophylaxis and treatment for NHO:
(a) The pharmacological (i.e.,NSAID,
Disphosphonates)

(b) The non-pharmacological (i.e., pulse low
intensity electromagnetic field therapy,
radiotherapy, passive range motion therapy,
surgical excision), and

Class IV

Int J Physiother Res 2013;01(4):188-95.
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(c) The combination of the above two
aforementioned methods.*

Regarding the non-pharmacological methods,
Michelsson et al*® used forceful daily
manipulation to induce heterotopic bone
formation in soft tissues of rabbits of an
immobilized knee joint. Moreta-Suarez et al*’ in
a case report of 2 patients with NHO
recommended early starting of range of motion
exercises while patient is still in the ICU as a
preventive method. Also, early mobilization is
recommended after a surgery of HO excision for
preventing recurrence of HO.>#4° |n particular,
continuous passive motion (CPM) machine have
been used within the pain free range of motion
early after a surgery of excision of HO to avoid
recurrence of HO in the site of surgery.®#
Ippollito et al* resected ossification in 7 knee
joints of 5 traumatic brain injury patients at an
average of 23 month’s post-comatose. Before
surgery, patients had a fixed flexed position,
walking disability and painful arc of motion. After
surgery, there was a marked improvement of
range of motion in all patients. Patients followed
a program of 6 week CPM before full
rehabilitation program to preserve this
improvement and keep safe of a recurrent
ossification. At average of 34 months follow up,
all patients could walk, the joints were pain-free
and no recurrence of HO occurred. Furthermore,
Chen et al° reported that 12 patients with HO at
the elbow joint due to a burn injury had been
under surgical excision of HO. Patients started
the first postoperative day with gentle passive
physical therapy or CPM machine and active
range of motion (ROM) exercises within the pain
free range of motion. The mean ROM before and
after surgery were 31+27° and 99+15°,
respectively. At the follow up time, particularly
14+12 months after, only one joint from the 12
developed HO again. They concluded that early
surgical excision that combined with gentle
physical therapy had a satisfactory result. In
another study, Meiners et al*®* examined 29
spinal cord injury patients who had been under
resection of HO in 41 hip joints. All patients
underwent irradiation the first post-operative
day. Continuous passive motion exercises began
the 15" post-operative day to achieve suitable
flexion.
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The range of motion increased from 21.95°
preoperatively to 94.51° intra-operatively and to
82.68° at 4 years follow-up. Recently, Aubut et
al** in their systematic review supported that
combined treatment of surgical excision with
post-operative passive ROM exercises in
traumatic brain injury patients, and combined
surgical excision, radiotherapy and passive ROM
in spinal cord injury patients improve ROM of
the joint.

CPM machine or physical therapy program have
been used not only for prevention of HO and/or
prevention of HO recurrence, but also to treat
HO when is already present in the joint. Van
Susante et al** attempted to test the hypothesis
that CPM adversely stimulates the development
and progression of HO by performing an
experiment in rabbits. The rabbits after 3 weeks
of immobilization and daily 5-minute forceful
manipulation develop HO, according to
Michelson et al.’s* experimental animal model
study for inducing HO due to muscle injury. Then,
the animals was separated in two groups, the
CPM group (mobilization every 45min /24h daily
for 2 weeks) and the control group (free to move
in cages). The results showed that there was no
progression of HO of initial grade in both groups
atthe end of 2 week period. They concluded that
CPM did not stimulate the development or
progression of HO. Linan et al*?, in a case report,
applied a CPM machine in both knees with HO
in a patient with traumatic brain injury combined
with conventional physical therapy and painkiller
drug treatment for 4 weeks. The ROM of the
knees improved from 10-25° to approximately
80° in both knees. Additionally, Casavat et al*®
described a therapeutic program of a traumatic
elbow injury and supported that even in HO
presence, active and passive ROM exercises
should be continued to maximize the join’s range
of motion and prevent functional deficits. In a
case report, Knight et al** examined three
different physiotherapeutic approaches in
patients with NHO according to individual
rehabilitation program. They referred to the
usage of techniques like casting, proprioceptive
neuromuscular facilitation, therapeutic
positioning to reduce abnormalities of the
neuromuscular system, like altered tone and to
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maximize the functional outcome of HO’s
surgery. They found an increase in patient’s
functional potentials. Ferreira et al*® evaluated
the impact of neuromuscular electric stimulation
as an additional therapeutic option, aiming the
reversion (regression or development halt) of HO
of six tetraplegic patients in the hip joint. The
results revealed no progression of HO on X-ray
images noted in 4 of the patients with steady
clinical picture and improvements on X-ray
images in 2 patients after 16.6 months of
treatment. In the aforementioned study, they
were not reported whereas the X-ray image
improvement was also accompanied with clinical
improvement. The effectiveness of
physiotherapy to heterotopic bone formation
has not been confirmed widely, therefore there
is a need to further examining the appropriate
time starting exercising before a HO surgery or
when HO is already present.

Synopsis

Heterotopic ossification is a pathologic condition
with a high incidence in critical ill patients. Itis
also expected to lead in severe functional
limitation of those patients in ICU. Although the
precise pathophysiology of HO is still unknown;
humoral, neural and local factors probably all
play a role in the formation of ectopic bone. The
diagnosis of HO is primarily based on clinical
signs and likelihood. The first clinical signs of HO’s
development are a reduction in joints’ range of
motion, edemaand pain. Different classification
systems of heterotopic ossifications were
developed, up to date; Brooker’s system is the
most commonly used around the hip joint.
Studies have used physiotherapy as a
prophylaxis and a treatment method of HO.
Further research should confirm the prevention
of HO’s development using physiotherapeutic
prophylactic modalities as range of motion
exercises, radiotherapy, and electrical
stimulation in orthopedic and neurological
patients in an ICU setting. Future experiments
should assess the above physiotherapy methods
as treatment modalities in critical ill patients due

to its advantage to be a non-invasive approach.

Conflits of Interest; None
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