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Introduction

Abstract

As advances in medicine have significantly reduced mortality and amelio-
rated morbidity for children, thus increasing numbers of children are liv-
ing with congenital or acquired physical disabilities and related special
health care needs. The consequence of disability on function, indepen-
dence, ease of care and personal comfort is a priority for this group of
children and their families. Pediatric Physical Medicine and Rehabilitation,
also known as pediatric physiatry, focuses on comprehensive care to opti-
mize patient function and manage complex issues in collaboration with
other health care professionals. Interventions occur via consultation in
both inpatient and outpatient settings, or through ongoing management in
structured care programs. Medical decisions and approaches are aug-
mented by procedural interventions directed at improving diagnostic spec-
ificity and prognostic outcomes. Pediatric physiatrists fill a unique niche in
the care of medically complex children who have historically been received
less integrated and more fragmented care. This results in improved conti-
nuity of care, improved coordination across multiple providers, more effi-
cient use of therapeutic and technological interventions, and better patient/
family satisfaction.

physiatry first developed in the United States, as
a consequence of the need to treat injuries sus-

Physiatry has its origin from the Greek words tained during World War I, as well as the often
“physis,” pertaining to physical phenomena, and long lasting rehabilitation needs that followed.
“iatreia,” meaning physician. The field of However, it was not until after World War II, with
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more substantial war injuries and the poliomyeli-
tis epidemic that soon followed, that rehabilita-
tion services and care became more relevant. The
specialty of physical medicine and rehabilitation
(henceforth referred to as physiatry) became a
board-recognized subspecialty in 1947 [1]. The
field of pediatric physiatry has a history that
started with Dr. Gabriella E Molnar (1926-2011).
She focused on the unique needs of children, and
how they were different from the needs of adults,
by acknowledging in her plans the evolution of
physical, intellectual and emotional abilities of
children over time [2].

The goal of a physiatrist is to develop a
comprehensive treatment plan for patients with
physical disabilities. The physiatrist develops
the treatment plan individually, or participates
in the development of an interdisciplinary plan,
that incorporates other providers such as
speech and language pathologists, physical
therapists or other physicians such as neurosur-
geons or orthopedic surgeons. By evaluating a
patient holistically, the physiatrist seeks to
help patients improve their function and qual-
ity of life [1].

MS is a 10 year-old boy who was involved in a
motor vehicle accident resulting in a seat-belt
injury. He suffered a chance fracture tear his
thoraco-lumbar junction and damage to his
liver, spleen and kidneys. The pediatric phys-
iatrist first saw the patient in the intensive care
unit (ICU), then admitted him to the inpatient
rehabilitation service. Following discharge
from the inpatient service, the patient partici-
pated in a day rehab program, and then moved
to outpatient follow up care.

Inpatient Consultation

In the pediatric ICU, the patient (MS) was extu-
bated following surgery to repair the fractures of
his spine. The injuries to his internal organs were
managed conservatively. It was noted that the
patient was not moving his lower extremities and
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he had some swelling in his lower extremities,
and he had significant challenges with urine and
stool voiding. The pediatric physiatrist’s role
was to help frame the diagnosis, explain how the
seemingly disparate patient symptoms were
related and chart a course forward to functional
recovery. That conversation started with the
patient and family to help them understand the
clinical findings of a “complete” spinal cord
injury resulting in paraplegia, a neurogenic
bowel and a neurogenic bladder. It continued
with the primary team in the ICU to discuss
associated conditions and their management to
prevent secondary complications and speed
recovery. Next, there began a series of interven-
tions by a team of therapists and family support
professionals to evaluate and document the
degree of independence the patient had with var-
ious mobility tasks and activities of daily living,
as well as the patient and family’s response to
this catastrophic injury. It is crucial in these
instances to understand the medical aspect of the
patient’s diagnoses. However, the physiatrist
maps those findings to functional deficits and
provides a prognosis for recovery of those defi-
cits. In mapping interventions to address the
deficits, it is important to understand the psycho-
social context of the recovery. For example, was
the patient environment amenable to one that has
challenges walking independently, or does the
patient live in a setting dominated by stairs?
Finally, during the initial discussion about diag-
nosis and prognosis, the patient and family first
start to register the gravity of the injury and
begin the stages of grief associated with loss.
Coordinating support for the grief associated
with catastrophic disability is a critical part of
physiatry planning.

Inpatient Rehabilitation

Once MS was stable enough to leave the ICU, he
could not yet be discharged home. Barriers to dis-
charge included a lack of mobility and position-
ing equipment, a lack of patient and family
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training to manage a spinal cord injury and asso-
ciated symptomology and, in this case, disability,
and continued medical management of anemia,
leg swelling, pain and healing surgical wounds.
The pediatric physiatrist is crucial in document-
ing the needs of the patient, presenting a detailed
personalized plan for recovery, and assisting in
planning for any continued inpatient hospitaliza-
tion and/or inpatient rehabilitation services. In
the era of accountable-care and patient-centered
interventions, the comprehensive functional per-
spective of the pediatric physiatrist serves a criti-
cal function of documenting the starting point or
baseline of a patient, laying out reasonable
patient-centric functional targets, and then esti-
mating how long it should take to reach those
functional goals. For MS, he was completely
paralyzed as evidenced by the T12 ASIA A clas-
sification of his spinal cord injury. That classifi-
cation infers that he has no motor or sensory
control below the level of his navel. Thus, he will
not be able to stand or walk under his own
strength, he has no volitional control over his
urine and stool voiding, and he is at risk for pres-
sure ulcers and wounds due to poor sensation in
his lower extremities. A child with these types of
injuries can be expected to require 20-30 days of
inpatient rehabilitation services based on national
averages. By discharge from inpatient rehabilita-
tion, a child like M.S. should be able to transfer
into and out of a custom wheelchair, and demon-
strate wheelchair mobility independence on
household and some community surfaces. In
addition, the patient should be weaned off of pain
medications as postoperative pain decreases.
Bowel and bladder management is a skill possi-
ble in children cognitively older than 8-9 years.
Thus, in addition to training the parents in clean
intermittent catheterization of the bladder and a
program of suppositories and digital stimulation
for the bowels, MS was trained directly. Lastly,
adaptive and durable medical equipment appro-
priate to the disability are sought based on the
coordinated efforts of the physiatrist and the ther-
apist. Patient input and perspective is an impor-
tant part of the success of any inpatient
rehabilitation process.
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Day Rehabilitation Programs

Once MS was medically stable and suitably
mobile to live outside of the hospital, a coordi-
nated program to transition him back to school
and the community was in order. A day rehabili-
tation program was the next step in MS’ recovery
and progression towards independence. In this
setting, MS was supported toward his return to
school, as well as in exploring his avocational
interest in the context of his new physical defi-
cits. Patients in this stage are also monitored for
late complications related to their initial injury.
Higher-level wheelchair skills, problem solving
for the patient as they navigate accessible and
less accessible aspects of their community is
important. Often, this is when the depth and true
impact of a child’s disability becomes tangible to
the patient and family. Thus, psychological sup-
port services and family counseling are as impor-
tant to the patient outcome as minimizing skin
sores, urinary tract infections and insufficiency
fractures. Throughout this complicated medical
and emotional process, there must be continued
functional progress toward maximal indepen-
dence. This phase of rehabilitation care lasts
weeks to months depending on the progress of
the child, the complexity of their home environ-
ment and the minimization of complications.

Outpatient Rehabilitation
Management

Finally, the patient transitions to the outpatient
maintenance phase of care. At this stage of recov-
ery, anticipatory guidance about lifetime issues
related to reproduction, bone strength, scoliosis,
and sport/recreation become essential to the
intersection of health and function for the child.
The physiatrist continues to manage bowel and
bladder programs as well as muscle spasticity
related to the spinal cord injury. The pediatric
physiatrist communicates with the primary care
doctor, as well as any other provider appropriate
to the needs of the child, to make certain that any
special aspects of care are integrated into the
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standard growth and developmental issues. For
example, involving urology if bladder manage-
ment is suboptimal due to poor capacity or fre-
quent infection, or engaging with an orthopedic
surgeon for a neuromuscular scoliosis, are appro-
priate functions of the physiatrist.

Background

The incidence of childhood disability has dra-
matically increased over the past half of a century
from approximately 3 % in 1969 to 15.1 % in
2009. This dramatic rise is in part due to the
advances in medical treatments and technology
as well as to awareness of disability and the
inclusion of children with behavioral and devel-
opmental disorders [3, 4]. Although children with
disabilities are a relatively small part of the popu-
lation, they account for nearly 50 % of hospital
days and hospital charges [5].

Pediatric physiatrists treat children who have
or are at increased risk for a chronic physical,
developmental, behavioral or emotional condi-
tions and who also require health and related ser-
vices of a type or amount above what are required
by children generally. This group of children who
frequently require multiple subspecialists and
other providers to meet their health care needs
has been identified as Children with Special
Health Care Needs (CSHCN) [6]. For this group
of children coordination of care has been shown
to result in better outcomes and fewer hospital-
izations. This coordination of care has been char-
acterized as a medical home by the American
Academy of Pediatrics, is “accessible, compre-
hensive, coordinated, compassionate, family-
centered, community-based, and culturally
effective” [6]. A medical home not only improves
that access to quality services [7], but also results
in enhanced parent satisfaction [8].

In pursuit of improved function and quality of
life for CSHCN and their families, a pediatric
physiatrist relies on being able to communicate
with other providers to better understand a child’s
function. This is particularly important in several
aspects of care, including the ways in which
appropriate therapeutic goals for are determined
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and communicated, as well as setting reasonable
expectations for the child and the family.

Classification of Function

Scales that are used to assess functioning of chil-
dren with neuromotor disabilities are very help-
ful in guiding interventions as well as gauging
benefits of interventions and progress. There are
many different scales that are used in different
clinical situations.

For example, children who have CP are classi-
fied by gross motor function (see Fig. 87.1). This
scale measures the ability of the child to move
and control his or her body in space. Those in
Level I are able to function without limitations,
but still may have impairments with speed, bal-
ance and coordination. In Level II, children are
also able to be independent but may have func-
tional limitations in climbing stairs, uneven ter-
rain or in crowds. Children in Level III need an
assistive device such as a walker or crutches for
even surfaces but may need a manual wheelchair
for longer distances or more complicated terrain
or spaces. Children in Level IV require a wheel-
chair for the majority of their mobility but are
able to control their wheelchairs. Children in
Level V require complete support for positioning
and mobility.

The levels are further defined by age of the
patient to show the developmental progression of
a child at a given level over time. By way of these
functional classifications, a health care provider
is able to predict what functional tasks are within
the future ability of a given patient and plans can
be made to provide appropriate mobility support
over the lifetime of the child [9]. A child may also
have a different classification based particular
environmental consideration. For example, a
child may be classified at Level III at home and in
school, but at Level IV when in the community
more generally.

For spinal cord injury patients, the American
Spinal Injury Association created a consensus
classification system across medical and surgical
specialties with input from therapists. It classifies
children with a spinal cord injury based on motor
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GMFCS Level |

Children walk indoors and outdoors and climb stairs
without limitation. Children perform gross motor skills
including running and jumping, but speed, balance and
co-ordination are impaired.

GMFCS Level Il

Children walk indoors and outdoors and climb stairs
holding onto a railing but experience limitations walking
on uneven surfaces and inclines and walking in crowds
or confined spaces.

GMFCS Level HI

Children walk indoors or outdoors on a level surface with
an assistive mobility device. Children may climb stairs
holding onto a railing. Children may propel a wheelchair
manually or are transported when traveling for long
distances or outdoors on uneven terrain.

GMFCS Level IV

Children may continue to walk for short distances on a
walker or rely more on wheeled mobility at home and
school and in the community.

GMFCS Level V

Physical impairment restricts voluntary control of
movement and the ability to maintain antigravity head and
trunk postures. All areas of motor function are limited.
Children have no means of independent mobility and
are transported.

Fig. 87.1 Classifying cerebral palsy (Adapted from Graham HK. Classifying cerebral palsy. J Pediatr Orthop

2005;25:128)

and sensory function. In addition to being
descriptive of the child’s level and extent of
paralysis, there are accepted functional abilities
for each level and clear associated prognoses of
recovery [10].

The Rancho Los Amigos Scale is one used for
Traumatic Brain Injury. The revised edition (see
Table 87.1) categorizes patients from level I
(most impaired) to level X (least impaired). It
allows providers to move beyond the binary nota-
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Table 87.1 Ranchos Los Amigos scale
I No response to visual, verbal, tactile, auditory,
noxious stimuli
II Generalized response
III Localized response
IV Confused-agitated
V Confused-inappropriate
VI Confused-appropriate
VII Automatic-inappropriate
VIII Purposeful and appropriate

IX Purposeful and appropriate (standby assistance on
request)

X Purposeful and appropriate (modified independent)

tion of injured or intact and give more indication
of degree [11]. Using a scale such as this allows
providers to use common language in treatment
and planning, and can be useful information for
the patient and family about future expectations
and challenges. It also allows interventions to be
structured in a manner most appropriate for the
patient’s cognitive and functional impairment, as
well as in measuring progress in the patient’s
recovery.

In addition to disorder-specific scales, there
are more global scales like WeeFIM, an adapta-
tion for children of the FIM (the Functional
Independence Measure), that are helpful in clas-
sifying functional skills by developmental/age
expectation. Thirteen of the scale’s 18 items are
motor tasks, with the remaining five related to
cognitive function. Each item is ranked using an
ordinal scale from 0 (activity does not occur) to 7
(activity is done with full independence). The
WeeFIM is used extensively to demonstrate the
functional impact of treatment interventions on
patients over time and to show progress.

Physiatrists incorporate many scales in prac-
tice to communicate with other health providers,
plan appropriate interventions, allow accurate

functional prognostication, and demonstrate
progress.
Procedures

Pediatric physiatrists manage the consequences
of disability. There are multiple interventions
within the tool kit of the specialty. Complex
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Spasticity management, musculoskeletal inter-
ventions and EMG/NVS diagnostics represent
the majority of the procedures done by this
specialty. For spasticity management, focal inter-
vention is typified by botulinum toxin injections.
Dosing and dilution is essential and muscle selec-
tion, with an eye towards function, is critical for
executing an intervention what will have the
desired effect to improve patient function. More
global spasticity management, without using oral
medications, is achieved with intrathecal
Lioresal. For this intervention, 1/100th the oral
dose of Lioresal is administered in the intrathecal
space to allow direct action at the level of the spi-
nal cord. For musculoskeletal pain and inflamma-
tion, injection of local anesthetics along with or
in place of steroids is efficacious. Bursal injec-
tions, joint space injections and trigger point
injections (or dry needling), are done by pediatric
physiatrists — especially for older teens. Finally,
EMG and NCS are diagnostic extensions of the
physical exam that clarify pathologies of the
peripheral nervous system and muscles.

Equipment/TECH/DME

In addition to physiological and physical inter-
ventions, durable medical equipment, assistive
technology, orthotics and prosthetics are impor-
tant tools in improving function and indepen-
dence. Equipment and devices should be
developmentally appropriate and of a weight and
size that the child is able to utilize. The pediatric
physiatrist will work in conjunction with thera-
pists, orthotists, prosthetists and others engaged
in the design and customization of equipment to
the needs of a child in order to determine the
appropriate equipment for a child. Most impor-
tant in prescribing any piece of equipment such
as an augmentative communication device or
environmental controls, however, is the patient
and the family, who together must agree on the
necessity and function of the device in order to
maximize the chances that it will be fully and
most effectively used.

Durable medical equipment, which includes
specialized bedding, specialized seating and
mobility devices, positioning apparatus, recre-
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ational devices and technology to assist with
communication, can be a significant need for
improvement of function and quality of life for
the child and for the family. Orthotics are bracing
and support devices for an existing part of the
body that requires stabilization. Prosthetics are
devices that replace a missing portion of the
body. In children, these devices must be altered
to allow for physical growth and must be adapt-
able to developmental milestones.

General Health Issues to Consider
in Healthcare and Rehabilitation

Many childhood disabilities affect growth and
nutrition. Children with neurologic impairment
often have difficulties maintaining appropriate
caloric intake due to difficulties with swallowing,
coordination, or communication and are at sig-
nificant risk of under nutrition [3]. Conversely,
children who are non-ambulatory and have less
muscle bulk (i.e. a patient with a spinal cord
injury or spina bifida) are less active and have
less caloric needs than their ambulatory peers and
therefore, are at risk of obesity and the associated
medical complications, including a further sig-
nificant loss of function.

CSHCN are also vulnerable to sleep disorders.
Poor sleep may be due to motor impairment,
pain, visual impairment, abnormal muscle tone
and frequent repositioning, medications or over-
night feeding needs that may also cause frequent
interruptions in sleep. Stays in hospital, which
are more common and frequent for CSHCN, may
also impact sleep-wake cycles. Sleep dysfunction
can cause problems with both daytime behavior
and school performance. Furthermore, if the
child is having more sleep difficulties the child’s
family is also getting poor sleep, which may fur-
ther exacerbate stress and irritability within the
home [12].

Visual and Hearing impairments are also fre-
quent in CHSCN. Children with CP or traumatic
brain injuries (TBI) are at significant risk for
cortical and other visual impairments, requiring
frequent evaluations by an ophthalmologist [13].
Children who require steroids for health mainte-
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nance such as children with cancer, juvenile
rheumatoid arthritis or muscular dystrophy are at
risk for cataracts. Many children who have had
complicated Neonatal Intensive Care Unit
(NICU) stays requiring ototoxic antibiotics, or
who contracted meningitis, CMV or have had
TBI are at risk for hearing impairments and must
have appropriate health screening exams.

Children with CP are at significant risk for
contracture(s) due to both immobility and/or
spasticity. If a joint is immobilized or under
mobilized, structural changes in the joint and soft
tissue can lead to contractures [14]. Spasticity
results from an imbalance between the excitatory
or inhibitory input from the alpha motor neurons
and causes an increase in activation of the antag-
onist muscle due to damage to central nervous
system. Spasticity can also contribute to weak-
ness and poor coordination [15], as well as sec-
ondary changes to muscle, tendon and collagen
tissue causing stiffness, fibrosis and atrophy [16].
Uncontrolled spasticity will interfere with mobil-
ity and range of motion, contribute to contrac-
tures and interfere with activities of daily living,
as well as result in pain [17]. When managing
spasticity, the physiatrist must balance both the
positive and negative effects of increases in mus-
cle tone [18].

In patients who are immobile or wheelchair
dependent there is an increased risk of pressure
ulcers. Factors that contribute to an ulcer may
include prolonged pressure, immobility, shear-
ing, friction, and poor nutrition. Urine and fecal
incontinence may also play a role in the develop-
ment sores [19]. This group of children are also at
increased risk for osteopenia and osteoporosis
that can contribute to pathologic fracture or
chronic pain. Immobility, poor nutrition and sei-
zure medications increase risks of developing
decreases in bone mineral density [20].

Children with cerebral palsy (CP), muscular
dystrophies and spinal cord injuries are at greater
risk for restrictive lung disease and nocturnal
hypoventilation, hypoxemia and/or hypercapnia.

Attention to health promotion and prevention
of these and other secondary medical problems is
crucial in order to optimize physical perfor-
mance, function and quality of life.
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Team-Based Support

Pediatric physiatrists are also involved in multi-
disciplinary clinics where they work in concert
with other physicians or allied health profession-
als to develop medical and care plans. Real time
input from multiple specialties allows for specific
interventions and care plans to be carried out
with enhanced continuity and efficiency. The
physiatrist will also participate in disorder-
specific interdisciplinary clinics such as a spina
bifida clinic, which will include the physiatrist,
urologist, neurosurgeon and orthopedic surgeon;
a neuromuscular clinic may consist of a physiat-
rist, a neurologist, orthopedic surgeon, a pulmon-
ologist and a genetic counselor; a cerebral palsy
clinic may include therapists, orthotists, wheel-
chair specialists, developmental pediatricians,
nutritionists, psychologists, and social workers.
Team-based, coordinated care is crucial in
addressing and preventing problems associated
with complex medical diseases and maximizing
function and quality of life and is also highly
beneficial for the families who have one visit for
many services — and they are coordinated!

Some Team Members

Physical therapists (PT) work on improving
strength, range of motion, balance, coordination
and complex motor skills. They utilize an array
of manual techniques, treatment modalities and
equipment to provide age and developmentally
appropriate interventions. These therapists are
essential in developing care plans and identifying
appropriate medical and therapeutic equipment
to address functional deficits and build skills for
the children.

Occupational therapists (OT) work on improv-
ing strength, range of motion, fine motor skills,
and gross motor skills towards improving a
child’s activities of daily living and indepen-
dence, such as personal care (e.g., feeding),
hygiene (e.g., bathing and grooming) and inde-
pendent community activities (e.g., shopping).
Occupational therapists, as with their PT col-
leagues, also frequently make use in treatment
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planning of durable medical equipment, such as a
shower chair, to help assist in performing activi-
ties of daily living. In some centers, OT’s work
with body positioning and motor skills to improve
feeding.

Speech and language pathologists (SLP) eval-
uate and provide interventions for expressive and
receptive language skills as well as with the oral
motor aspects feeding and swallowing. They
often recommend advanced studies evaluating
swallowing function like oral-pharyngeal motil-
ity studies (OPMS) and fiber-optic endoscopic
evaluation of swallow (FEES) studies and often
partner with radiology for these studies.

Psychology and neuropsychology services
perform patient-centered testing and supportive
intervention for the identification of strengths
and deficits. They may also participate in manag-
ing the larger family stress and dynamics associ-
ated with the multiple aspects of managing their
child. Full neuropsychological evaluations are
often required and can be very helpful with the
development and implement of Individualized
Educational Programs (IEP) at school. The neu-
ropsychological evaluation includes multiple
neurocognitive domains including intellectual
abilities, verbal and language skills, visual-
spatial, sensorimotor, visual motor skills, atten-
tion, memory, learning, executive functioning,
adaptive skills, and pre-academic and/or aca-
demic abilities [21].

In addition to these aforementioned disci-
plines, a comprehensive team should include
other providers that may be appropriate to a par-
ticular patient’s health status and/or intervention
needs.

A teacher or appropriate educational specialist
can be an essential interface between the treat-
ment team and the home and school systems
facilitating the necessary integration of the medi-
cal plan and neuropsychology recommendations
into the school program.

Recreational therapists work with children to
help restore motor, social and cognitive function-
ing. They work to improve participation in com-
munity and social situations using modalities
such as arts and crafts, drama, music, dance,
sports, games, and community reintegration field
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trips. This helps children to develop coping skills,
build confidence, and integrate skills learned in
treatment settings into community settings as
well as improve the child’s physical, social, and
emotional well-being.

Child life therapists provide therapeutic play
and activities in the hospital setting to assist chil-
dren with processing medical procedures, diag-
noses and side effects. They are also important to
facilitate re-entry of children from a hospital set-
ting into the community, especially if the chil-
dren had spent prolonged periods in the hospital
with newly acquired disabilities.

Future Needs

Pediatric physiatry is a unique specialty provid-
ing comprehensive and coordinated care to the
most vulnerable children requiring treatment.
Successful practitioners have a strong founda-
tion in medicine, a mastery of physical interven-
tions and equipment, and prowess in procedural
interventions. The small pipeline of candidates
and the duration of training required limit the
growth of the specialty. In addition, there are
limited opportunities in training as there are less
than 20 certified centers that produce one to two
graduates per year. In addition, outcomes
research on the treatment options utilized in the
field is critical to providing a stronger evidence
basis for the field. Pediatric physiatrists focus on
optimizing function and are valuable leaders of a
team of professionals that provide care for chil-
dren with acquired or congenital physical
disabilities.
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