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From a Parent

When my triplets were born, three teams of medical professionals whisked them away 
before I could even lay eyes on them. And so in a moment, I had to learn to trust others 
with the well-being of my children. I had no idea how necessary this lesson would prove 
in the life of our family. When the boys were nine months old, I asked their occupational 
therapist why she was working so hard to get them to grab beads rather than working on 
sitting up – a skill I desperately wanted them to learn. I was crying as I asked, petrified 
of what her answer would be. I will never forget how, with tears streaming down her 
own cheeks, she gently told me they had to reach across midline before we could hope 
for them to reach any further milestones. Her tears were a gift to me that day because I 
needed to know she cared for my children with a passion and that she valued being on 
our team. For 21 years, we have had nurses, doctors, therapists and surgeons at birthday 
parties, theatre performances, and even high school graduations because these profes-
sionals, who have so expertly cared for our children, are on our family team, in our 
circle of supporters. They are our hand-holders and cheerleaders. We are ever grateful.

Yes, you are on the frontlines of your patients’ medical care. But more importantly, to 
the parents of a child with complex cerebral palsy, you are on the frontlines of hope. 

Carole Shrader
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Introduction

Feeding disorder from oral-motor impairment is one of the comorbid impairments in 
children with cerebral palsy (CP). Prevalence varies among studies, but one estimate is 
that as many as 90% of preschool children with CP have oral-motor dysfunction (Reilly 
et al. 1996). Some studies report that even children with mild CP show evidence of 
oral-motor dysfunction impacting functional feeding skills (Gisel et al. 2000).

Children with CP have a spectrum of feeding abilities. Some children with oral-motor 
impairment are prohibitively unsafe to eat orally due to the risk of aspiration. Others 
cannot handle solids, but may be able to eat safely and grow adequately on purees or 
specific food/liquid consistencies. Many children with severe CP are inefficient eaters. 
These children may be able to chew and swallow safely, but may take excessive time to 
eat, and fatigue easily doing so.

In the most severe cases of feeding disorder, children require placement of a feeding 
tube to maintain adequate nutrition and/or to ensure safe feeding. Other children may 
be able to learn strategies to help them with certain problematic textures of food. Often, 
the stress of the feeding disorder can have a profound impact on the family dynamics 
around mealtimes and the child’s feeding behaviors.

In this chapter, we provide an overview of feeding, nutrition and growth in children 
with complex CP including oral motor dysfunction, feeding assessment and interven-
tions, evaluation of nutrition and physical growth. Other issues related to feeding and 

Chapter 7
Feeding and nutrition

Mary C. Bickley, Eva Delaney and Valentina Intagliata

Children and Youth with Complex Cerebral Palsy.indb   107 12/11/18   7:06 PM



108

Children and Youth with Complex Cerebral Palsy: Care and Management

nutrition are covered in Chapter 8 (dysphagia, constipation, gastroesophageal reflux, 
gastrostomy, fundoplication), Chapter 9 (drooling, aspiration) and Chapter 20 (deci-
sion making for gastrostomy placement).

Oral-motor impairment

Oral-motor impairment or dysfunction is defined by differences in strength, tone and 
sensation of the oro-pharynx that affect the coordination of motor movements for both 
speech and eating. It is associated with disorders of swallowing, known as dysphagia. 
The terms dysphagia and oral-motor dysfunction are frequently used interchangeably 
but should be differentiated. Both can exist independently of one another but quite 
often have a reciprocal relationship. Oral-motor dysfunction can result in the mistiming 
of the swallow leading to aspiration. Dysphagia can exist with or without oral-motor 
dysfunction, and is sometimes secondary to structural or postural elements that impact 
the oral, pharyngeal or esophageal phase of the swallow.

Oral-motor impairment often impacts on the efficiency and pleasure of eating, as well 
as the social dynamics of feeding. Eating is the physical act of biting, chewing and swal-
lowing food, whereas feeding describes eating in the social context. These social factors 
include caregiver–child relationships as well as the mealtime environment. Feeding is 
one of the most important initial interactions between a caregiver and a child, and any 
disruption in this process can have a negative impact on the child and the entire family.

Maturation of oral-motor skills follows an organized hierarchy of steps. This process 
begins with a reflexive pattern for suckling during early infancy, and proceeds through 
a series of learned behaviors that result in the ability to bite, lateralize, chew and safely 
swallow foods. Each step requires practice in a supportive environment so that the child 
can master efficient, effective and pleasurable eating. Motor and sensory impairments 
at any stage can affect the process of learning to eat.

The abnormalities in tone and the difficulties with motor coordination common in 
children with CP negatively impact eating skills. In early infancy, oral-motor dysfunction 
may be a presenting feature of CP since these children have impairments in coordinating 
and sustaining the rhythmic sucking pattern needed for feeding. In these young infants, 
frequent choking is common as well as prolonged feeding time and decreased intake, 
often leading to poor growth. Some children may have minimal oral-motor dysfunction 
as young infants (with reflexive suckling), but later struggle when they fail to master the 
complex voluntary, learned motor movements necessary for safe and efficient biting, 
chewing and swallowing.

The presence of increased muscle tone can make graded control of mouth position 
difficult. In effect, opening of the mouth for food entry and chewing is impaired. 
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Lingual lateralization, which is essential for maneuvering higher textured foods to the 
molars for proper mastication, is often impaired. In the absence of appropriate lingual 
manipulation, the child may not be able to transition safely and efficiently to a variety 
of textures.

Children with hypotonia often have difficulty achieving a closed mouth posture and this 
alone can make eating difficult. Weakness and decreased tone can result in a sluggish 
suck/swallow/breathe pattern (reflexive suckling) often associated with choking and a 
weak cough. Silent aspiration is also a potential problem due to weakness and poor 
sensory awareness. These difficulties lead to inefficient, prolonged and often unsafe 
eating. Children who are mostly hypotonic demonstrate significantly slower transition 
to purees and table foods, but generally progress further in oral-motor skills than chil-
dren with significant hypertonia.

Assessment of eating

The three stages of eating – oral, pharyngeal and esophageal – are important to consider 
when assessing oral-motor dysfunction and dysphagia. Box 7.1 shows the American 
Speech and Hearing Association (ASHA) description of potential difficulties in each 
stage of eating that may be present in children with CP.

Box 7.1  Potential difficulties in each stage of eating that may be present in children 
with cerebral palsy

•	Oral stage

•	Difficulties with motor coordination for graded movements of the lips, jaw and tongue.

•	Differences in tone impacting efficient motor and or sensory processing of age-
appropriate textures and foods.

•	Difficulties with sensory tolerance of tastes, textures and temperatures.

•	Pharyngeal stage

•	Difficulties with safe and efficient passage of food/liquids past the airway.

•	Penetration of liquid or food into airway.

•	Aspiration of liquid or food into airway.

•	Pooling or coating of residue.

•	Esophageal phase

•	Difficulties with efficient and effective passage of food or liquids to the stomach.

•	Slow transit of food/liquid through esophagus.

•	Reflux of food/liquid back into airway.

•	Spasm or inability of sphincters to open/close appropriately.
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Children with CP most commonly experience challenges in the oral stage. Abnormal 
motor movements and postural alignment of the head, neck and trunk significantly 
impact presentation of food to the child and their ability to keep food contained in the 
mouth. The loss of foods frontally can result in inefficient oral intake and unsafe swallow. 
These difficulties are only optimized by proper positioning and hands-on techniques, 
and cannot be ‘fixed’ or cured. Other difficulties during the oral stage include wide jaw 
excursion, tongue protrusion/thrusting and impaired lingual lateralization. As a result, 
these children have poor control of the food bolus as they attempt to swallow and this 
often leads to aspiration.

Assessment of feeding should be completed by a speech-language therapist along with 
a physical and/or occupational therapist to maximize feeding position. Additional con-
sultation with the nutritionist allows for optimization of the child’s diet within the 
constraints of his/her oral-motor dysfunction. An oral-functional evaluation by the 
speech-language therapist provides information regarding food texture that is most 
efficient and safe for a child with oral-motor dysfunction. This evaluation can also 
determine which utensils might optimize the child’s oral-motor potential.

During the oral-functional evaluation, the clinician should be cognizant of potential 
aspiration. Clinical signs of aspiration include coughing, cessation of breathing, watery 
eyes, wet/or gurgly vocal quality and oral mucosal color changes. Cervical auscultation 
is another method that is useful for identifying more subtle signs of aspiration. This 
method entails the placement of a stethoscope on the median line of the cricoid car-
tilage and the listener interprets swallowing sounds. Consensus supports cervical aus-
cultation as a good tool to determine if video-fluoroscopic study (VFSS) is necessary 
(Leslie et al. 2007).

VFSS study is warranted when there are clinical signs of aspiration as listed above, or if, 
in the absence of clinical signs, a child repeatedly has pneumonia or respiratory issues 
or a history of structural issues. VFSS is also a useful evaluation tool for the pharyngeal 
and esophageal stages of swallow that cannot be observed clinically. VFSS is not indi-
cated when a child has ‘never’ eaten in the past, when there is the complaint of frequent 
gagging or as a precursor to ‘feeding therapy’. These issues can be addressed through a 
clinical feeding evaluation.

Classification of eating and drinking abilities

The Eating and Drinking Ability Classification System (EDACS) has been developed 
specifically for children with CP in order to provide a meaningful framework for dis-
tinguishing varying eating abilities in everyday life. The EDACS classifies an individual’s 
usual performance rather maximal abilities in ideal circumstances. The classification 
scheme characterizes eating and drinking abilities at five different levels for children 
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with CP aged 3 years and older. The most useful aspect of this scale is that it correlates 
with the Gross Motor Function Classification System (GMFCS) used for characterizing 
independent ambulation. Increasing EDACS level correlates with increasing risk for 
gastrostomy tube use (Benfer et al. 2017).

•	Level I – Eats and drinks safely and efficiently.

•	Level II – Eats and drinks safely but with some limitations to efficiency.

•	Level III – Eats and drinks with some limitations to safety; there may be limitations 
to efficiency.

•	Level IV – Eats and drinks with significant limitations to safety.

•	Level V – Unable to eat or drink safely – tube feeding may be considered to provide 
nutrition.

Feeding interventions

The goal of feeding therapy is to aid families with providing nutrition in a manner that 
is manageable, safe, and efficient. Oral-motor therapy is an important part of feeding 
therapy to help the child develop and maximize eating skills. In order to optimize a 
child’s oral potential in the home the following elements must be determined: safe 
and comfortable positioning, appropriate diet regarding consistency, and a supportive 
environment including appropriate applied techniques.

Oral-motor therapy
Oral-motor therapy, also known as sensorimotor treatment, is intended to augment 
oral-functional skills required for speech and eating. Of note, this is different from oral 
stimulation (see Applied techniques, on page 113). The skills addressed through oral-motor  
therapy include: awareness, strength, coordination, movement, and endurance of the lips, 
cheeks, tongue, and jaw as well as positioning and texture modifications. Oral-motor 
therapy may be beneficial in children with mild CP, but the scientific literature is equiv-
ocal regarding its benefits for children with severe CP (Gisel 1994, Gisel et al. 1995).

Positioning
The optimal position for children with feeding difficulties is one that provides good 
trunk and head stability with alignment at the hips and knees, and with the feet resting 
securely on a surface. This ideal positioning is nearly impossible when feeding a child in 
a lap, but can be achieved in most wheelchairs. It is usually easier to optimally position 
a child in the morning when he/she is rested; however, this may be more difficult after 
multiple transitions in and out of the chair throughout the day. Of note, care providers 
in the school system who are feeding children with oral-motor dysfunction should also 
have training in optimal positioning and feeding techniques.
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Diet consistency
The most appropriate diet consistency for a child with CP will depend on the extent of 
the oral-motor dysfunction as well as the time of day, positioning, environment and 
fatigue level of the child. Due to the impact of limited lingual manipulation and chew-
ing abilities, many children will require modified textures. Children with significant 
oral-motor dysfunction need a pureed diet that does not require any lateralization to the 
molars for chewing. Others may only require a soft or chopped diet. Most children with 
oral-motor dysfunction will have significant difficulty with drinking via cup or straw. 
Some children with severe oral-motor dysfunction may not be safe for any oral intake 
and require a gastrostomy tube for nutrition and hydration. Children with hypotonia 
may not transition to age-appropriate diet textures, but may be able to transition to 
increased textures over time.

It is useful to systematically characterize food and fluid consistency so that health care 
providers, therapists and caregivers can be consistent in describing a child’s diet. The 
National Dysphagia Diet (NDD) classifies foods based on the following descriptions.

Solid textures:

•	NDD level 1 (pureed): These foods require no chewing, are homogenous, very 
cohesive and are a pudding consistency. It is important to keep in mind that 
‘pureed’ foods are not all equal. Thicker purees are usually recommended in 
order to prevent aspiration during the swallow as they move in a slow manner. 
Thicker purees, however, result in increased amount of food residue in the pharynx 
following the swallow, especially in children with hypotonia.

•	NDD level 2 (mechanical altered): These foods require some chewing ability, but 
are cohesive, moist and semi-solid.

•	NDD level 3 (advanced): These foods require some chewing ability, but are rarely 
multi-layered or mixed consistencies (e.g. vegetable soup).

Drinking is often difficult for children with oral-motor dysfunction because of the 
speed at which fluid flows. It can also be challenging for a child to pull liquids from 
a cup or straw. Maintaining adequate hydration can therefore be a slow and tedious 
process. Just as with solid food textures, a variety of liquid viscosities exist for children 
with oral-motor dysfunction.

Liquid viscosity:

•	Thin liquids: Regular liquids such as water, juice or milk. Milk and chocolate milk 
as well as some prepared formulas tend to be slightly more viscous than water or 
juice.

•	Nectar liquids: Thickened to the level of ‘nectar’ as found in canned fruit.
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•	Honey liquids: Thickened to the level of honey.

•	Spoon-thick liquids: Resemble purees.

Environment
The ideal feeding environment is one that is quiet and calm, especially since some chil-
dren with CP startle easily. Infants in general feed better before reaching extreme hunger, 
fatigue and related irritability. Infants with CP who become upset may demonstrate 
increased extensor tone, making feeding even more challenging. In older children the 
environment should be conducive to safe and efficient oral intake but should not be 
socially isolating if possible. Sometimes feeding children with complex CP in a crowded 
and noisy school cafeteria can be particularly challenging.

Applied Techniques
A few hands-on techniques may be utilized during feeding to improve efficiency and 
safety.

•	Jaw/cheek support – The thumb and pointer finger of the person feeding are 
positioned on either side of mouth on the cheek surface and under the chin. This 
helps the child achieve mouth closure, which aids in triggering a swallow. This 
technique is most useful in children with hypotonia and/or mild hypertonia. In 
children with more extensive oral-motor dysfunction, it is not usually effective.

•	Lip closure – This technique is applied in conjunction with jaw/cheek support to 
help the lips close. This maneuver assists in achieving a more efficient and effective 
swallow.

•	Direct food placement – This technique varies from child to child depending on 
the level of oral-motor dysfunction. Some children are able to keep pureed foods 
in their mouths if it is placed on the sides of the tongue/cheek pocket rather than 
directly on the surface of the tongue. Other children can ‘munch’ dissolvable foods 
safely when they are placed directly on their molars.

•	Oral stimulation – This is a theoretical strategy in which sensory stimulation 
prepares the child and their mouth for eating more efficiently and safely. For 
children with sensory processing issues, oral stimulation is another strategy, though 
the scientific evidence is limited and unclear as to whether it results in more efficient 
or safe eating for children with severe oral-motor dysfunction (Arvedson 2013).

Hunger and satiety

Hunger/satiety is a complex cycle regulated by numerous different elements including 
physiologic, developmental and environmental elements. Children with CP are at high 
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risk for disordered hunger/satiety regulation for many reasons. Impairments in motor 
activity with associated reduced metabolic needs results in decreased hunger. Differ-
ences in tone and gastro-intestinal motility cause constipation and gastroesophageal 
reflux disease (GERD), which negatively affect appetite. Lengthy mealtimes and sensory 
impairments also detract from the feeding experience. Supplemental feeding, such as 
with a feeding tube, often make it difficult for a child to have normal regulation of 
hunger/satiety cycles.

In addition to physiological differences, children with CP may be more easily influ-
enced by the environments in which they eat. School cafeterias, birthday parties, sport-
ing events may be too noisy and result in increased tone or startle responses. Car-
egiver stress due to concerns about inadequate nutrition and lengthy feeding times 
impacts feeding dynamics, especially in children with CP who already experience  
poor growth.

Regulating hunger/satiety patterns in children with CP should be a key component of the 
intervention plan. Children should be transitioned to age-appropriate feeding regimen 
if possible, especially when receiving gastrostomy tube feeds. Aggressive management of 
constipation, GERD and other gastro-intestinal dysmotility is important as well. Lastly, 
oral-motor skills should be optimized in order improve efficiency and safety.

Growth and nutrition

Many children with severe CP are inefficient eaters. These children may be able to chew 
and swallow safely, but may take excessive time to feed, and/or fatigue easily doing so. 
The disproportionate effort required to consume food ultimately limits nutrition and 
growth. Children who eat inadequate calories and protein at first may continue to gain 
weight, but at a suboptimal rate. When insufficient nutrition persists, linear growth and 
body mass composition are compromised as well.

Inadequate nutritional intake resulting in poor growth evolves over months to years 
(Stevenson and Conaway 2007). Infants with CP and associated oral-motor impairment 
may grow adequately in infancy as they rely on the primitive feeding reflex of sucking/
swallowing. As infants develop, they require more calories but are unable to maintain 
appropriate growth during the transition to more complex oral-motor skills. Children 
who are inefficient eaters might also struggle with catch-up weight gain after recurrent 
illnesses. Other children with hyperkinetic CP might have a mismatch of calorie require-
ments and nutritional intake.

Although malnutrition can refer to both under- and over-nutrition, for the purposes of 
this handbook, malnutrition will refer only to under-nutrition. Prolonged malnutrition 
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leads to micronutrient deficiencies, low fat stores and decreased height velocity (Krick 
et al. 1996, Henderson et al. 2002, Stevenson and Conaway 2007). Inadequate nutrient 
intake negatively affects growth, development, and other relevant outcomes (Mehta  
et al. 2013). Other consequences of malnutrition include fatigue, increased illness/
hospitalization, and familial stress regarding poor growth.

Oral-motor impairment with associated malnutrition is usually a contributing factor 
to poor growth among children with severe CP, though various other factors have been  
identified. (Henderson et al. 2005, Stevenson and Conaway 2007, Kuperminc et al. 2009). 
Other reasons for poor growth include neuroendocrine abnormalities, muscle-bone 
interactions, and psychosocial influences. Laboratory assessment may be required to 
identify medical causes of poor growth. Causes of poor growth to consider include 
hyper- or hypothyroidism, growth hormone deficiency, delayed puberty, and inflam-
matory disease.

Despite all known factors that might contribute to poor growth, children with CP overall 
grow differently compared to their typically developing counterparts. In general, children 
with CP are shorter and smaller compared to peers, and this trend is positively corre-
lated with severity of GMFCS classification. Children with CP tend to have decreased 
fat mass, lean muscle mass and bone density (Stallings et al. 1995, Henderson et al. 
2005). Poor growth, therefore, may be a marker of severe CP, and may not be modifi-
able in many cases.

When assessing the growth and nutrition of children with CP it is important to con-
sider the complex interaction of multiple influences. Additionally, the differences in 
body mass composition, which relate to CP severity, should be taken into account. As 
such, the best strategy is a combination of tools to determine whether a child with CP 
is growing appropriately and is well nourished.

Growth assessment
Obtaining typical anthropometric measurements can be challenging due to commonly 
associated physical differences in children with severe CP. Children with CP often have 
significant scoliosis and contractures, which affect traditional length/height measure-
ments. Weight can also be difficult to obtain using standard scales if the child is non-am-
bulatory. BMI is not an appropriate calculation using weight and height because children 
with CP have lower lean muscle mass. (Kuperminc and Stevenson 2008). This meas-
urement may be helpful to assess trends and patterns, but should not be used alone as 
an indicator of nutrition status, if used at all (Stallings et al. 1995, Samson-Fang and 
Stevenson 2000). The criterion standard for assessing body composition (includes fat, 
water, protein and bone) is a Dual X-Ray Absorptiometry (DXA) scan. However, this is 
not readily available for clinicians so other anthropometric measures are available and 
acceptable (Kuperminc and Stevenson 2008).
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Stature/height
Obtaining a height measurement can be challenging if not impossible due to physical 
differences (Kuperminc and Stevenson 2008). If the child is unable to stand, but is easily 
and reliably able to lie on a recumbent board, this is an acceptable alternative. If unable 
to obtain an accurate standing or recumbent length measurement, other options are 
available. Segmental measurements include ulnar length, knee height, and upper arm 
length (see Nutrition assessment, below for equations for estimating stature from these 
measurements). Knee height is the most reliable (Table 7.1). A flexible tape measure 
along the patient in a lying position is not a valid, reliable or reproducible method for 
obtaining a height measurement (Samson-Fang and Bell 2013).

Weight
As mentioned, the body composition of children with CP is different, and therefore 
weight does not reflect typical distribution of body fat and muscle (Stallings et al. 1995, 
Samson-Fang and Stevenson 2000, Kuperminc et al. 2010). Children with severe CP often 
appear low on the typical weight curve, but may have appropriate adiposity. Therefore, 
monitoring weight increase over time is useful. Consequently, it is extremely important 
to have accurate weight measurements in order to assess growth trends reliably. The 
minimal goal for children who are less than the 5th centile for age (CDC or WHO growth 
charts) is to follow his/her own curve and maintain consistent weight gain. Another 
useful resource are the California Growth Charts (Brooks et al. 2011).

Accurate weight measurements in infants require a naked weight. For children and ado-
lescents who are non-ambulatory, the ideal is to weigh on a chair scale or wheelchair 
scale with only a light layer of clothing. If it is not possible to place the child on a scale 
independently, the child and caregiver can be weighed together and then subtract car-
egiver’s weight (Samson-Fang and Bell 2013).

Triceps skinfold
This measurement provides useful information regarding fat stores and it is thought 
to be the best screening tool for malnutrition in this population (Samson-Fang and  

Table 7.1  Equations for estimating height using segmental measurements in children  
with cerebral palsy under 12 years of age

Segmental Measure Prediction equation  
for height (cm)

Standard error of the 
estimate (cm)

Upper arm length (UAL) (4.25 x UAL) + 21.8 ± 1.7

Tibial length (TL) (3.26 x TL) + 30.8 ± 1.4

Knee height (KH) (2.69 x KH) + 24.2 ± 1.1

Source: Samson-Fang and Bell 2013
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Stevenson 2000). To obtain an accurate measurement, determine the midpoint between 
the top of the shoulder and the elbow. Then pinch the skin so that the fold is running 
vertically. Using a skinfold caliper, obtain the measurement (recommend obtaining 2–3 
measurements to ensure accuracy). The CDC provides growth references for children 
from 1.5 to 20 years of age for plotting these measurements.

Triceps skinfold is a better indicator of fat stores compared to weight for length or BMI, 
as it measures fat stores directly. The goal is for these measurements to be greater than 
the 10th centile for age as it has been found that children with measurements less than 
the 5th centile are at higher risk for malnutrition (Samson-Fang and Stevenson 1998) 
and associated increased health care utilization and decreased social participation. It 
is important to note that some children with severe CP may hold their fat stores more 
centrally (in the abdominal cavity) and may demonstrate lower triceps skinfold meas-
urements (Kuperminc et al. 2010, Gurka et al. 2010). Thus, triceps skinfold may under-
estimate total body fat stores.

Interpreting anthropometrics
Given the constraints of typical anthropometric measurements in children with CP, it 
is important to consider each measurement respective to other information and review 
growth trends. If a child is generally following his/her established curve for weight and 
length measurements, has adequate triceps skinfold (greater than 10th centile for age), 
and is not significantly limited in oral intake, it is appropriate to continue monitoring 
and re-assessing nutrition status every 6 months.

CP-specific growth charts are available (Brooks et al. 2011). It is important to note that 
these charts portray how children with CP have grown and not necessarily what is opti-
mal growth (Kuperminc and Stevenson 2008, Krick et al. 1996). These growth charts 
are based on severity of gross motor impairment in children with CP, with higher level 
of impairment correlating with poorer growth. They are extremely useful as a clinical 
guide for children with complex CP. Another resource is for assessing growth is the online 
PediTools: Clinical Tools for Pediatric Providers which has growth calculators for weight, 
length/height, triceps skinfold, and mid-upper arm circumference (CDC and WHO), 
and provides centiles and Z-scores for age (Chou 2012; Available at www.peditools.org).

Nutrition assessment
When there are concerns about adequate nutrition, more frequent growth and diet 
assessments may be necessary to monitor trends or changes. Importantly, regardless 
of initial predictions of caloric needs, it is critical to assess weight gain and skinfolds 
over time. Consultation by a dietician may result in a calculated estimate of nutrition 
needs, using a variety of formulas and equations. Regardless, it is essential to monitor 
weight gain at any given estimate of calorie needs to determine if that level is excessive, 
inadequate or adequate. If a child is growing along his/her expected curve, this should 
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be considered appropriate growth(Kuperminc et al., 2013). Many equations require a 
weight, height, or both, and thus accurate measurements are requisite.

Assessing physical status is an important component of a nutritional evaluation. The 
appearance of hair, skin and nails often provides clues to nutritional state. Pallor or pale 
skin can indicate iron, folate, or cobalamin deficiency. Lesions or fissures in the oral 
cavity may show signs of vitamin B deficiencies. Edema can be associated with protein 
malnutrition. Pressure ulcers and poor wound healing may reflect inadequate calorie 

Table 7.2a  Harris Benedict equation (using basal energy expenditure + activity/stress level)a, b

For males: B.E.E. = 66.5 + (13.75 x kg) + (5.003 x cm) − (6.775 x age)

For females: B.E.E. = 655.1 + (9.563 x kg) + (1.850 x cm) − (4.676 x age)

Source: Stallings et al. 1996
aStress factors range from 1.2 to 2 depending on activity level
bComment on stress factor: Tone should be taken into account when factoring in activity level for a child 
with severe cerebral palsy as hypertonicity can increase energy burned even if activity level or movement 
is low. For a patient who is wheelchair bound without much movement and without significantly 
increased tone, a provider may choose to use 1–1.2 as an activity factor, but should monitor weight gain 
closely. Clinical judgment plays a large role when determining activity factor in patients with severe 
cerebral palsy.

Table 7.2b  Equation using kilocalories per centimeter in estimated or actual height 

Children 5–11 years Ambulatory = 14 kcal/cm

Non-ambulatory = 11 kcal/cm

Source: Adapted from Weston 2012

Table 7.2c  The World Health Organization equations for estimating resting energy expenditures 

Age (years) Resting energy expenditures (REE) (kcal/day)

0–3 
Males: (60.9 x weight [kg]) – 54
Females: (61.0 x weight [kg]) – 51

3–10
Males: (22.7 x weight [kg]) + 495
Females: (22.5 x weight [kg]) + 499

10–18
Males: (17.5 x weight [kg]) + 651
Females: (12.2 x weight [kg]) + 746

Source: WHO 1985
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and protein intake, or vitamin C, vitamin D and zinc deficiencies. Vitamin A deficiency 
may take the form of corneal clouding or ocular xerosis, whereas thiamin deficiency 
may present as nystagmus or ophthalmoplegia. Inadequate fat mass secondary to inade-
quate calorie intake may result in pubertal delays (2013, Pogatschnik 2011) (Table 7.3).

Laboratory assessment
Blood work may also be indicated as part of a complete assessment for growth and nutri-
tion concerns. First consider other factors that might contribute to poor growth such 
as celiac disease, endocrine disorders, cystic fibrosis, etc. (Samson-Fang and Bell 2013). 

Table 7.3  Physical findings and symptoms associated with malnutrition

Physical exam and symptoms Possible nutritional deficiency

Skeletal system Epiphyseal enlargement of wrists, legs, 
knees; bowed legs; frontal bossing of the 
head; bone pain

Vitamin D

Muscular system Wasted appearance Protein calorie

Weakness Phosphorous

Potassium

Vitamin D

Vitamin C

Vitamin B6 (pyridoxine)

Absent deep tendon reflexes, foot and 
wrist drop

Vitamin B1 (thiamin)

Muscle cramps Vitamin D

Calcium

Magnesium

Potassium

Chloride

Muscle pain Vitamin D

Vitamin B7 (biotin)

Nervous system Inability to concentrate, memory 
impairment, disorientation, irritability

Vitamin B1 (thiamin)
Vitamin B9 (folic acid)
Vitamin B12 (cobalamin)
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Physical exam and symptoms Possible nutritional deficiency

Seizures, behavioral disturbances Vitamin D

Calcium

Magnesium

Zinc

Peripheral neuropathy (numbness/
tingling and weakness)

Vitamin B1 (thiamin)

Vitamin B5 (pantothenic acid)

Vitamin B6 (pyridoxine)

Vitamin B9 (folic acid)

Vitamin B12 (cobalamin)

Phosphorous

Copper

Eyes Angular blepharitis (inflammation of the 
eyelids)

Vitamin B2 (riboflavin)

Vitamin B6 (pyridoxine)

Vitamin B7 (biotin)

Zinc

Pale conjuctiva Vitamin B6 (pyridoxine)

Vitamin B9 (folic acid)

Vitamin B12 (cobalamin)

Iron

Copper

Keratomalacia (opaque/dull cornea, night 
blindness), Bitot spots (white or grey 
spots on conjunctiva)

Vitamin A 

Ophthalmoplegia Vitamin B1 (thiamin)

Phosphorous (associated with 
rickets)

Table 7.3  (Continued)

Children and Youth with Complex Cerebral Palsy.indb   120 12/11/18   7:06 PM



121

Chapter 7  Feeding and nutrition

Physical exam and symptoms Possible nutritional deficiency

Integumentary 
system

A) Skin Pallor Vitamin B9 (folic acid)

Vitamin B12 (cobalamin)

Iron

Vitamin C 

Dark cheeks and under eyes, scaling skin 
around nostrils

Protein calorie

Vitamin B2 (riboflavin)

Vitamin B3 (niacin)

Vitamin B6 (pyridoxine)

Pellagra (thick, dry, scaly 
hyperpigmentation on sun-exposed areas)

Vitamin B3 (niacin)

Vitamin B6 (pyridoxine)

Tryptophan

Yellow pigmentation

Vitamin B12 (cobalamin)

Follicular hyperkeratosis Vitamin A

Vitamin C

Seborrheic dermatitis (scaly, waxy, crusty 
plaques on scalp, nasolabial folds, lips)

Vitamin B2 (riboflavin)

Vitamin B6 (pyridoxine)

Vitamin B7 (biotin)

Vitamin A

Zinc

Essential fatty acid deficiency

Eczema Vitamin B2 (riboflavin)
Zinc

Xerosis (abnormal dryness) Protein calorie
Vitamin A

Table 7.3  (Continued)
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Physical exam and symptoms Possible nutritional deficiency

Slow wound healing, decubitus ulcers Protein calorie
Vitamin C
Zinc

Petechia (purple/red dots) or purpura 
(purple spots/patches) on skin

Vitamin C
Vitamin K

Cellophane appearance of skin Protein calorie
Vitamin C

Edema Protein calorie

Poor skin turgor Dehydration

B) Hair Alopecia (thin, sparse hair) Protein calorie
Zinc
Iron

Easily plucked without pain, dull/dry/lack 
of shine

Protein calorie
Essential fatty acid

Depigmentation, color changes Protein calorie
Manganese
Selenium
Copper

Flag sign (alternating color on hair strand 
due to lack of melanin)

Protein calorie

Lanugo (find, soft hair) Malnutrition

Cork-screw hair and/or peri-follicular 
hemorrhage

Vitamin C

C) Nails Brittle, soft, thin Severe calorie
Vitamin A
Magnesium
Selenium

Central ridges Protein calorie
Vitamin B9 (folic acid)
Iron

Beau’s lines (transverse ridges or 
horizontal grooves)

Protein calorie
Zinc
Calcium

Table 7.3  (Continued)
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Table 7.3  (Continued)

Physical exam and symptoms Possible nutritional deficiency

Koilonychia (spoon-shaped or concave) Protein
Vitamin B9 (folic acid)
Vitamin B12 (cobalamin)
Iron

Muehrcke lines (transvers white lines) Malnutrition 

Mouth and oral 
cavity

Soreness, burning mouth, tongue, lips Vitamin B2 (riboflavin)

Angular stomatitis or chelitis (redness or 
fissures at corners of mouth)

Vitamin B2 (riboflavin)
Vitamin B3 (niacin)
Vitamin B6 (pyridoxine)
Vitamin B12 (cobalamin)

Glossitis (sore, swollen, beefy-red tongue) Vitamin B2 (riboflavin)
Vitamin B3 (niacin)
Vitamin B6 (pyridoxine)
Vitamin B9 (folic acid)
Vitamin B12 (cobalamin)

Gingivitis (swollen, spongy gums that 
bleed easily)

Vitamin B3 (niacin)
Vitamin B9 (folic acid)
Vitamin C
Vitamin D
Zinc

Missing teeth or late eruption Malnutrition

Dental caries Fluoride
Vitamin D
Vitamin B6 (pyridoxine)

Gastro-intestinal 
system

Anorexia, flatulence, diarrhea Vitamin B6 (pyridoxine)
Vitamin B12 (cobalamin)

Children with severe CP are at-risk for poor bone mineral density and osteoporo-
sis, therefore regular assessment of vitamin D (25-OH), alkaline phosphatase, cal-
cium and phosphorus is recommended (Fehlings et al. 2012). C-reactive protein 
is a useful indicator of inflammation which may lead to increased calorie require-
ments (Samson-Fang and Bell 2013). A complete blood count helps with determining 
anemia. If significant concern for malnutrition and/or dehydration is present, 
consider a basic metabolic panel to assess for electrolyte disarray and/or renal  
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failure. Decreased albumin may reflect chronic malnutrition; however, albumin levels are 
affected by inflammation and fluid shifts, thus is not usually useful (Samson-Fang and 
Bell 2013). If available to a clinician, DXA allows for assessment of body composition 
including fat and lean mass stores (Samson-Fang and Bell 2013) (Table 7.4).

Interventions for poor growth and malnutrition

Children with severe CP who have malnutrition are often amenable to several fairly 
simple interventions. It is ideal to involve a dietician or gastroenterologist, but this is 
not uniformly possible. It is also useful to have a speech/language or occupational ther-
apist assess feeding to ensure the child is consuming a diet of appropriate consistency 
to be safe and most efficient.

An essential component for increasing daily calorie intake is implementation of a meal 
schedule in order to provide the child with multiple eating opportunities (3 meals 
plus 2–3 snacks). The caregiver should incorporate nutrient rich foods at each eating  
occasion. Sources of nutrient rich foods include proteins (meats, fish, beans, eggs), 
fruits, vegetables, whole grains and dairy.

Oral nutrition supplements or ‘calorie boosters’ to increase calorie/protein/micronutri-
ent intake are often necessary. Calorie boosters, such as heavy cream, whole milk, dry 
milk powder, butter, cheese, peanut butter, avocado and black beans, are easy foods to 
add to the diet. Caregivers can create ‘milkshake’ supplements using ice cream, milk, 
fruits, and vegetables to increase calories in liquid consistency. The other option is to 
use commercially available oral supplementation. See Table 7.5 for a list of common 
pediatric and adolescent oral supplementation (not an all-inclusive list). A variety of 
oral nutritional supplements exist and determining which supplement is most appro-
priate often requires the expertise of a nutritionist. A growing trend has emerged in the 
U.S. and elsewhere regarding the use of blended table foods in place of commercial 

Table 7.4  Basic laboratory assessment for malnutrition

Anemia Complete blood count

Bone health Vitamin D 25-OH
Calcium
Alkaline phosphatase
Phosphorous

Hydration status and re-feeding syndrome risk Complete metabolic panel
Magnesium
Phosphorous
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formulas. To insure the adequacy of macro and micronutrients, we recommend that the 
use of homemade blended “formulas” be supervised by a nutritionist. 

Micronutrient supplementation may be indicated if laboratory assessment indicates 
deficiency or if intake is obviously below recommended daily intake. Vitamin D and 
calcium supplementation are frequently necessary in children with CP due to several 
risk factors for poor bone health. If general nutrition is a concern, providers should 
recommend a pediatric multivitamin supplement.

The decision to place a gastrostomy tube in a child with CP should be made after 
careful consideration of safety and efficiency of oral intake, growth patterns, number/
severity of respiratory illnesses, and overall quality of life. Many children with CP have 
oral-motor skills that detract from pleasant mealtime interactions due to concerns for 
safety and quantity of nutrition. This can result in stress for the family and direct health 

Table 7.5  Common pediatric and adolescent oral supplementation

Pediatric specific supplements
Generally are interchangeable 

Adult/adolescent supplements 

Meal Replacements:
Pediasure (children 2–13 years of age)
•	Multiple flavors
•	Milk based, but suitable for lactose 

intolerance
Pediasmart
•	Powdered version of Pediasure
•	Not as easily found in stores
Carnation Instant Breakfast
•	Multiple flavors
•	Powder that is to be mixed with 8oz milk
•	Usually a cheaper option to Pediasure
Bright Beginnings Soy
Parent’s Choice Pediatric Drink (Walmart 
brand)
Store brands that are comparable to the 
above 

Meal Replacements
Ensure or Boost Products
•	Variety of calorie levels (150–350 calories 

per container) depending on the level of 
support needed from supplement

Carnation Instant Breakfast
•	Multiple flavors
•	Powder to be mixed with 8oz milk
•	Usually a cheaper alternative to Ensure/

Boost
Store brands comparable to the above 

Non-nutritionally complete supplements
Ensure Clear or Boost Breeze
•	Juice-based supplements that provide 

additional calories and protein, but do not 
contain fat

•	Not to be used as a meal replacement, 
but can be used if diet is below adequate, 
however patient is able to take most 
nutrients orally and needs small amounts of 
supplementation

•	Can be used in the pediatric population as 
needed 
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concerns for the children. Healthcare professionals should work with the family and 
other service providers to achieve the most pleasant, safe and efficient manner of eating 
for children with CP. Placement of a gastrostomy tube does not preclude oral feeding 
but may optimize growth, allow for accurate delivery of medication and fluids, and may 
offer additional time for other aspects of life.

Obesity

Obesity can occur in children with severe CP, especially in those who are gastrostomy 
tube-dependent. Children who are fed via gastrostomy do not have the ability to self-reg-
ulate intake and often have low metabolic needs. These children might easily receive 
calories in excess and gain weight rapidly, especially in the immediate period after 
placement of a feeding tube. Other children may have low resting metabolic needs due 
to decreased muscle mass in addition to low energy needs from lack of movement. At 
times it is difficult to provide these children with adequate micronutrients due to sub-
stantially low caloric needs.

Consequences of obesity in this population include metabolic syndrome and related 
issues. Obstructive sleep apnea is another serious consideration since these children are 
already at higher risk due to their motor impairment. Furthermore, it is more difficult 
for caregivers to move and care for overweight children with severe CP. To monitor chil-
dren with severe CP at-risk for obesity, track weight gain velocity and triceps skinfold 
measurement trends over time, at regular intervals. Concerns should arise with consist-
ent crossing of centiles in weight and triceps skinfolds (specifically when TSF reaches 
greater than the 85th centile for age).

Recommendations to deter obesity include decreased portion sizes, high-calorie foods, 
and carbohydrate-laden beverages. If the child receives tube feeds, slowly reduce calo-
ries, and closely monitor weight and triceps skinfold changes. Micronutrient supple-
mentation may be required if calorie needs are extremely low. The goal is to maintain 
adequate linear growth and prevent further weight gain, or promote slow weight loss 
if no more linear growth is to occur.

Conclusion

Children with severe CP often require an extraordinary amount of basic care, with feed-
ing difficulties and the related nutrition challenges comprising a large portion of their 
medical needs. It is critical to address feeding difficulties in these children not only to 
optimize overall health and growth, but also to potentially decrease family stress related 
to feeding. Although children with severe CP may struggle with oral-motor impairment 
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and related nutrition/growth problems, various strategies exist to help optimize the 
safety and efficiency of feeding. Ideally, this may potentially result in increased pleas-
urable mealtime experiences for the child but also improved family harmony overall. 
Children and their families benefit from positive mealtime socialization and it is the job 
of the health care team to facilitate this experience by providing appropriate guidance, 
monitoring and interventions.

Key points

•	 Most children with complex CP struggle with feeding difficulties, although the degree 
of oral-motor impairment may vary widely with some children requiring only prolonged 
feeding times and others a gastrostomy tube.

•	 It is important to assess for safety and efficiency of eating, as well as the impact of the 
feeding difficulties on the family dynamic.

•	 Various strategies for improving safety and efficiency of feeding exist and include oral-
motor therapy, diet consistency, positioning and environmental accommodations, and 
applied techniques.

•	 Children with severe CP overall grow differently compared to their typically developing 
counterparts. In general, children with CP are shorter and have decreased fat mass, lean 
muscle mass and bone density. As such, traditional strategies for assessing growth and 
nutrition require adaptation.

•	 Obesity among children with complex CP is commonplace due to multiple factors. 
Children with a gastrostomy must be monitored closely to prevent unintended obesity.

•	 For many children with severe CP, consultation with nutrition and a speech-language 
therapist is recommended and helpful.
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NOTE: Figures, boxes, tables and appendices are denoted by an italic, lower case f, b, t and app 
respectively. “Cerebral Palsy” is abbreviated to “CP” in subheadings throughout.
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communicating suspicions, 314
sexual, 264, 271
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adenoidectomy, 165
adolescence, 263–76
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adult medical care, 277–98
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and independent living, 15, 279
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pain syndromes, 233
vs pediatric, 279, 280
and pediatric medical services, 277
registry of potential patients, 282
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transfer letter sample, 295app3
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transition plans, 289–94app2

parents on, 339–40

transition to, 220, 222
attempts to legislate, 278
care plans, 280–1
checklist, 282f18.1
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patient feedback, 351–2
problems and barriers, 277–8, 285
sample policy, 282f18.2
timing and age, 285

airway clearance impairment, 161–4.  
see also pulmonary disorders

assessment, 162
complications, 162
management, 162

chest-wall oscillation, 163
physiotherapy, 163

medications, 163
pathophysiology, 161–2
suctioning, 162–3

albumin, 124
allergies, 142
alternative medicine, 301
aluminum hydroxide, 137
American Academy for Cerebral Palsy and 

Developmental Medicine, 1–2
care plans, 302
hip surveillance, 52
on osteoporosis, 87

American Academy of Family Physicians,  
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American Academy of Neurology, 6
on cognitive impairment, 187
oral medications and hypertonia, 34
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American Academy of Pediatrics, 263
on adult care transition, 278
on disability and hormone management, 
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American Speech-Language-Hearing 
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Amitriptyline, 199
Ampicillin-clavulanate, 161
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interpretation, 117–18
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side effects, 141
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and hormone therapy, 266
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and puberty, 264
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aspiration, 44, 110, 132, 147

chronic, 158–60
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evaluation, 159
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management, 159–60
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and GERD, 133, 135–6, 139
of saliva, 133
and sleep disorders, 155
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Atkins diet, 247
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autonomic nervous system dysfunction, 232
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dosages, 38, 40
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intrathecal pumps, 8, 31, 38–41

complications, 40–1
evidence for effectiveness, 39
maintenance, 40
and oral medications, 40
patient selection, 39
risks, 39
surgical implantation, 38, 40
therapeutic trial, 39–40

nocturnal hypoventilation, 41
oral, 34
overdoses, 41
side effects, 139, 141
withdrawal, 41

barium, 133, 136
and evaluation of aspiration, 159

Barry Albright Dystonia Scale, 32
basal ganglia, 243
Bax, Martin, 2
behavioral issues, 195–211. see also mental 

health problems
aggression, 196
comorbidity with CP, 195
disruption, 196
interventions, 196–7
possible manifestations, 196
risk factors, 196
sexual, 272
team-based intervention, 195

benzodiazepines, 35, 235, 272
and Baclofen withdrawal, 41

biphosphonates, 99, 100
bipolar disorder. see mood disorders
Bisacodyl, 147
Bisphosphonate, 93
blood pressure, 279

and hormonal medications, 265
and hypertonia medication, 36t3.1

blood tests, 123, 124t7.4
cholesterol, 279
and pulmonary disease, 156–7
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bone density. see also osteoporosis
assessment of, 90–3, 98t6.4
evaluation, 87
medications, 98
normal growth, 88
and nutrition, 58, 87
and progestin contraceptives, 267
standers, 71
weight bearing, 89

botulinum toxin type A (BTA), 42–5
dosages and formulation, 43
and GERD, 140
indications, 43
mechanism of action, 42–3
safety, 44
and sialorrhea, 134, 157
speed of action, 44
trials, 44

botulinum toxin type B (BTB), 42
braces, 50, 56–8. see also gait trainers; 

standers
ankle foot orthosis, 57, 57f4.6
benefit, 57–8
and functionality, 56
knee, 57
and pain management, 235
post-surgery, 59
spinal, 79
static vs dynamic, 56–7
wrist, 56

bronchiectasis, 162, 163
bronchitis, 159, 160

and reactive airways disease, 161
Burke Fahn Marsden assessment scale, 32

Calcitonin, 101
calcium, 20, 35

and bone growth, 88
dietary reference intake, 97t6.2
dietary sources, 95–7t6.1
monitoring blood levels, 123
and prevention of osteoporosis, 94
and seizures, 245
as treatment for osteoporosis, 98

Canadian Occupational Performance 
Measure (COPM), 19t2.2, 21, 32

Carafate, 137
Carbamazepine, 240, 246

care homes, 315–16
care planning, 15–16

and adult transition, 279, 280–1
care maps, 22–3, 25–7f2.1

case study, 23–4
care summary, 285, 286f18.4
and cognitive impairment, 188–9
and education, 189
evidence-based, 302f19.1
goals, 16
and the ICF, 8–10
and meals, 124
for menarche in CP patients, 265f17.1
pain episodes, 235
parents on, 338–40
and sleep disorders, 200
for young adults, 288app1

Caregiver Priorities and Child Health Index 
of Life with Disabilities (CPCHILD), 
18t2.1, 19

Caregiver-Teacher Report Form, 214
case studies, 23–4, 221

communication dysfunction, 181–2
celiac disease, 119
Center for Disease Control and Prevention 

(CDC), 212, 266
sexual history, 268, 269

central nervous system (CNS)
diagnosing impairment, 232
dysfunction and pain, 232–3
and gastro-intestinal issues, 131
and irritability, 227
and pain, 229
and swallowing disorder, 132
and urinary tract function, 251–2

“The Cerebral Palsies of Children” (case 
studies), 2

Cerebral Palsy
bone density, 247
causes, 7, 7t1.2, 213

historical theories, 1
classification, 3–6, 15 (see also Gross 

Motor Function Classification System 
(GMFCS); International Classification of 
Functioning, Disability and Health (ICF); 
MRI Classification System (MRICS))

methods and types, 3
problems, 4
severity, 4–6, 4t1.1, 5f1.2
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complications, 8
definition of, 2
in developing countries, 213
diagnosis of, 2–3

post-diagnosis testing, 3f1.1
diagnosis statistics, 169
epidemiology of, 6–7

birth weight, 6
gestational age, 6

and gender identity, 269
growth charts, 117
history of, 1–2
impairments, 211
interdisciplinary care, 279
and obesity, 126
patient feedback, 346–56
prevalence, 6, 211, 212–13, 251

in developing world, 213
in Europe, 213
in the US, 212

and puberty, 264–5
pulmonary function, 59
risk factors, 7
and sexual orientation, 269
skeletal changes, 92
spastic diplegia, 243
spastic quadriplegia, 242–3, 246
structural brain abnormalities, 9
under-mineralized bones, 87

Cerebral Palsy Quality of Life Questionnaire  
(CP QOL), 18t2.1, 19

cerebrospinal fluid (CSF), 38
chemodenervation, 32, 42–5. see also 

Botulinum toxin type A (BTA)
agents, 42
ethanol, 45
pain, 44
phenol, 44–5

administration, 45
decreased usage, 44
safety, 45

Child Behavior Checklist (CBCL), 213, 214
Child Neurology Foundation, 278
Children’s Sleep Habits Questionnaire 

(CSHQ), 198
cholecystitis, 229
chondrocytes, 88
chorea, 4
Clindamycin, 161
Clonidine, 199, 235

cognitive impairment, 187–94, 211. see also 
Intellectual developmental disorder

assessment, 188–9
tools, 188
and transition to adult care, 282–4

and child-bearing, 268
comorbidity with visual impairment, 190
diagnosis, 187–8, 189
legal guardianship in adulthood, 284
management, 188–9
prevalence in CP patients, 187
risk factors, 188
and toileting, 203

colonic irrigation, 144–5
Communication Function Classification 

System (CFCS), 17b2.2
levels, 179t10.2
methodology, 178

communication impairment, 17, 169–86. see 
also Language

aided, 172–3, 174–7t10.1
assessment, 17, 179–80
augmentative and alternative, 171–81

as aid to social integration, 177–8
assessing needs, 178
candidacy, 173
improvement of spoke language, 173–7

and challenging behavior, 196
and constipation, 140
difficulties and CP, 169–70
frameworks, 169
methods, 171
non-verbal

and identifying pain, 227–9
and pain, 227
patient profiles, 180–1
smart partners, 171, 172, 178, 180
speech and language, 170–1
unaided, 172, 174–7t10.1
verbal vs non-verbal, 17

competency, 284
complementary therapies, 233–4
computed tomography (CT scan), 6

and pain evaluation, 231
and pulmonary disorders, 156

constipation, 15, 89, 131, 140–8, 253. see also 
defecation; diarrhea

alternate diagnoses, 142
and behavioral issues, 205
diagnosis, 140, 142–4
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fecal impaction, 142
formal criteria, 142
physical exam, 143–4

importance of early recognition, 144
management, 144–8

medical therapy, 144–7
medications, 145–7t8.3
surgery, 147–8

pain, 230
presentation, 142
prevalence in CP patients, 140
as side effect, 139, 141
warning signs, 143t8.2

contraceptives, 268–9
condoms, 269
estrogen, 267
non-hormonal, 268
progestin, 267–8

corneal abrasion, 229
corneal clouding, 119
cortical visual impairment (CVI), 181, 190
Cortical Visual Impairment (CVI) Range, 

19t2.2
counseling

contraceptive, 268
for family members, 314
grief and bereavement, 217
preconception, 268

CP Daily Living (blog), 325, 341
CP Tool Kit, 341
Cyproheptadine, 139
cystic fibrosis, 119

Danish National Cerebral Palsy Register,  
213

Dantrolene, 35
defecation. see also constipation; diarrhea

assessment of patterns, 205–6
and diagnosing incontinence, 253
normal physiology, 141

Denosumab, 101
dental problems, 101, 230
depression, 214, 217

and academic achievement, 219
in family members and parents, 198
importance of treatment, 219

dermatological symptoms, 15
malnutrition, 121t7.3

detrusor activity, 254–5

development assessment, 2
Dexlansoprazole, 137
diarrhea, 245. see also constipation; 

defecation
and fecal impaction, 142
as side effect, 147

Diazepam, 272
diet. see feeding disorder; malnutrition; 

nutrition
disruptive mood dysregulation disorder 

(DMDD), 216
Ditropan, 258
DME Blueprints, 67–8t5.1
dopamine, 38, 139
dorsal rhizotomy, 32, 41–2
Down syndrome, 299
drooling. see sialorrhea
Duchenne muscular dystrophy, 89
DXA scans, 20, 90–3, 91f6.1, 92f6.2

development, 90
interpretation, 93
and nutrition, 124

dysarthria, 170–1
as cognitive impairment risk factor, 188
definition, 170
prevalence in CP patients, 170

dyskinesia, 4
dyskinetic strabismus, 189
dysphagia, 44, 134

and oral-motor dysfunction, 108
dysphonia, 44
dystonia, 4

definition, 31
and dopamine, 38
oral medications, 35–8

Early Syndromes Eliciting 
Neurodevelopmental Clinical 
Examination (ESSENCE), 214–15

Eating and Drinking Ability Classification 
System (EDACS), 110–11

education
assessment of cognitive impairment, 189
care plans, 189
classroom medical equipment, 68–9
and mental health, 219
sexual education, 214, 263
and social skills, 197
specialist programs for CP patients, 8
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electroencephalogram (EEG), 241, 242
etiology of Cerebral Palsy, 245
as seizure predictor, 245

emotional defenses, 312–14, 313t20.1
endocrine disorders, 119
endoscopy, 231
enuresis. see incontinence
epilepsy, 239–50. see also seizures

and age, 248
and brain injury, 242–3
diagnosis, 241
and mental health, 215
monotherapy vs polytherapy, 246
presentation, 243–4
prevalence in cerebral palsy patients, 239
prognosis, 248
as risk factor for cognitive impairment, 188
risk factors, 239, 243
risk of recurrence, 248
surgery, 240
treatment, 245–8

diet, 247
surgery, 247
vagal nerve stimulation, 247–8

Esomeprazole, 137
esophago-gastro-duodenoscopy, 136
essential oils, 233
estrogen, 246–7, 266, 267
ethicists, 269
European Society of Pediatric 

Gastroenterology, Hepatology and 
Nutrition (ESPGHAN), 137

Evidence Alert Traffic Light System, 301–2
evidence-based care, 299–306

care plans, 302f19.1
and family, 301–4
goals, 300

extubation, 165

family. see also parents; siblings
advocacy groups, 340
and aided communication, 173
approach to swallowing disorder, 134
bereavement, 217
bonding experiences, 108

feeding, 316
communicating difficult topics, 307–24 (see 

also abuse; life expectancy; Palliative 
care; resuscitation; tracheostomy)

conflict, 309
resources and services, 315

coping with puberty, 264
cultural and religious background, 310
depression, 198
education in signs and symptoms, 144
education plan, 189
effect of malnutrition, 115
emotional defenses, 313t20.1
empowerment of, 304–5
and evidence-based care, 299–306
and functionality assessment, 11
and health care professionals, 21
impact on mental health, 219
learning to use medical equipment, 66
pain assessment, 228–9
and pain management, 236
and prevention of bone loss, 91
referral and medical equipment, 63
resources for dealing with impairment,  

192–3t11.1
and sexual confidentiality, 269
single parents, 220–1
sleep monitoring, 165, 199
sleep problems, 198
support for, 220, 303–4, 327
therapy and care decisions, 301–2, 

302f19.1, 303t19.1, 309–10
feeding tube, 316
surgery, 58, 318
time, 310

and transition to adult care, 284
fatigue

and depression, 219
and nutrition, 90, 115

feeding, 132–5. see also feeding disorder; 
nutrition; swallowing dysfunction

diet consistency, 112–13
environment, 113
and management of GERD, 139
non-oral, 316–17
and parent-child bond, 108
phases of swallowing, 132
positioning, 111
pumps, 79
techniques, 113

feeding disorder, 107–30. see also nutrition; 
swallowing dysfunction

and aspiration, 132
assessment, 109–10
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and bone health, 89–90
classification, 110–11
difficulties, 109b7.1
interventions and treatments, 111–13
mortality rate, 132
prevalence of in CP patients, 107, 132
spectrum, 107

feeding tube, 134–5, 234. see also gastro-
jejunostomy tube; gastrostomy tube

and administering medication, 99, 137
as cause of abdominal pain, 148, 150–

1t8.5
as cause of constipation, 141
and pain, 235
types, 132

fiber, 144
Fighting Chance (non-profit organization), 

340
financial resources, 65, 315. see also insurance
ForeverSibs (non-profit organization), 343
Freud, Sigmund, 1
functionality, 15–30. see also Communication 

Function Classification System 
(CFCS); International Classification 
of Functioning, Disability and Health 
(ICF); Manual Abilities Classification 
System (MACS); quality of life

assessment, 16–20
of cognitive impairment, 187–8
of hypertonia, 32
tools, 18t2.1

braces, 56
communication, 17
family dynamics, 11
and goals for care, 16
importance of understanding, 24
joints, 50

fundoplication. see Nissen fundoplication
Furosemide, 191

Gabapentin, 38
dosing guidelines, 235t14.3
and pain management, 233

gait trainers, 71–4, 75f5.10, 75f5.11, 94
gallstones, 148
gamma-aminobutyric acid (GABA), 34, 35, 

38
and Baclofen, 38

gastric emptying scan (GES), 136

gastro-esophigeal reflux disease (GERD), 89, 
131, 135–40, 229–30, 231–2

anatomic causes, 136
and aspiration, 133, 159
as cause of sialorrhea, 157
diagnosis and evaluation, 136
effect on swallowing, 132
management and treatment, 136–40

acid suppression, 137
dosages, 138t8.1
feeding methods, 139
pro-motility agents, 137–9
surgery, 139–40

presentation, 135–6
prevalence in CP patients, 135
and sleep disorders, 199

gastro-intestinal diseases, 131–54. see 
also constipation; diarrhea; gastro-
esophigeal reflux disease

and autonomic nervous system, 131
and brain damage, 131
prevalence in CP patients, 131

gastro-jejunostomy tube, 132, 135
and abdominal pain, 148
and GERD, 139
and prevention of aspiration, 160

gastroparesis, 136
gastrostomy tube, 125–6, 132, 135, 181, 231

and abdominal pain, 148
communicating with family, 316
discussion with family, 308
prevention of aspiration, 158

genetics
and epilepsy, 242
and mental health, 214
testing, 2

Gentamicin, 191
Goal Attainment Scale (GAS), 19t2.2, 21
Gross Motor Function Classification System 

(GMFCS), 4–6, 5f1.2, 16, 19t2.2, 34
chemodenervation, 42
and communication, 170–1
and dorsal rhizotomy, 42
epilepsy, 243
hip displacement, 51
and hypertonia, 32
and medical equipment needs, 67–8t5.1
and mental health, 215
and pain, 227
scoliosis, 55
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Gross Motor Function Measure (GMFM), 15–16
growth. see also height; puberty; weight

and assessment of nutrition, 118t7.2a, 
118t7.2b

of bones, 88
charts, 117
estimation of height, 116t7.1
and gross motor impairment, 117
of lungs, 155
and nutrition, 114–17
physical maturation, 263–4

Health Behaviors of School-Aged Children 
(HSBC), 214

health care team, 8, 10, 20–5. see also primary 
care providers

assembly, 64
CP patient feedback, 350–1
decision making, 21–2
disciplines, 20–1, 155, 279
and education plan, 189
and family dynamics, 21, 326
and mental health, 219–20
mental health professionals, 309
nutritionist, 124
opthomologist, 190
palliative care provider, 319
pulmonologist, 156
specialists, 280
speech-language therapist, 110

and hearing impairment, 191
health review questionnaire, 357–8,  

360–2t23.1
height, 116, 116t7.1. see also weight

and puberty, 264
Hepatitis, 147
hiatal hernia, 136
hip subluxation, 20

and chemodenervation, 43
classification, 51
and function, 15
indicators, 51–2, 52f4.1
migration, 52f4.1
screening programs, 51
signs and symptoms, 51
as source of pain, 230
surgery X-rays, 53f4.3

HipScreen, 52
Hirschsprung disease, 142

histamine-2 (H2), 137
Hope for HIE (support group), 341
hormone therapy, 265–8, 266f17.2

estrogen, 267
prerequisites, 265–6
progestin, 267–8

human papillomavirus (HPV), 272–3
hydronephrosis, 257
hydroxyaptite, 88
hypermagnesemia, 147
hyperphosphatemia, 147
hyperreflexia, 244

and defecation, 141
hypertonia, 31–48. see also Barry Albright 

Dystonia Scale; Burke Fahn Marsden 
assessment scale; dystonia; spasticity

assessment, 32
chronic nature, 34
and defecation, 141
definition, 31
impact on function, 31–2
management strategies, 32–4, 33f3.1 (see also 

chemodenervation; dorsal rhizotomy)
oral medications, 32, 34–8, 36–7t3.1  

(see also names of medications)
and Baclofen pumps, 40
comorbidities, 34
dosages, 34

pain, 31, 34
treatment and function, 32
treatment goals, 32

Hypertonia Assessment Tool (HAT), 32
hypertrophic osteoarthropathy, 147
hypocalcemia, 100, 147
hypokalemia, 147
hypophosphatemia, 100
hypothyroidism, 7
hypotonia, 3

and defecation, 141
and eating, 109

hypoventilation, 41, 164
hypoxemia, 164
hysterectomy, 268

Ibuprofen, 101, 235, 265. see also Non-steroidal 
anti-inflammatory drugs (NSAIDs)

incontinence, 203. see also lower urinary tract
causative factors, 252–3
cerebral palsy as cause, 251
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and constipation, 142
prevalence in cerebral palsy patients, 253
and social acceptability, 251

Individualized Numeric Rating Scale (INRS), 
228

inspire.com, 341
insurance, 8, 65. see also financial resources

and cognitive impairment, 189
and medical equipment, 163
and transition to adult care, 281f18.1

Intellectual Developmental Disorder, 218. see 
also cognitive impairment

co-occurence with cerebral palsy, 211
and risk of mental disorders, 211

Intelligence Quotient (IQ), 188
International Classification of Functioning, 

Disability and Health (ICF), 7–10, 
8f1.3, 15. see also functionality

activity, 9
body functions and structures, 9
communication, 169
environment, 10
and equipment needs, 64–5
fine motor function, 19, 20
participation, 9–10, 15
personal factors, 10
and quality of life, 22
treatment goals, 366–7t23.3

International League Against Epilepsy (ILAE), 
239, 240

interuterene devices, 268
Intrathecal pumps. see Baclofen (intrathecal 

pumps)
iron, 136
irritability, 227–38. see also pain

definition, 227
recurrent episodes, 231–2

jaundice, 213
joint fusion. see surgery (arthrodesis)

ketogenic diet, 230, 247
kidney stones, 230, 247, 257

Lamotrigine, 246
language. see also communication 

impairment

definition, 171
development and cognitive impairment, 188
sign language, 172

lansoprazoles, 137
lateral distal femur, 90, 92f6.2
learning disabilities, 9
Lennox-Gastaut syndrome, 241
Levetiracetam, 246, 247
Levodopa, 38
life expectancy, 321–3, 322t20.2
Linaclotide, 145
literacy, 173, 180, 181–2
Little, John, 1
liver disease, 247
lower urinary tract

infection, 258
as source of pain, 230, 233

physiology, 251–2
symptoms of dysfunction, 253–4

Lubisprostone, 145
lumbar puncture, 245
lung disease, 155–6

as indication for tracheostomy, 317
long-term complications, 156

Lyman, Jennifer, 325
lymphocytes, 58

magnesium, 94, 245
and acid suppression, 137
and bone growth, 88

magnesium hydroxide, 147
magnetic resonance imaging (MRI)

and age, 6
of the brain, 252
and classification, 6
as diagnostic tool, 2, 144
evaluating seizures, 245

malnutrition, 9
and bone health, 58
and GERD, 135–6
and growth, 114–15
and healing, 118–19
intervention, 124–6
laboratory tests, 124t7.4
long-term effects, 115
and non-oral feeding, 316
and oral-motor impairment, 115
symptoms and deficiencies, 119–23t7.3
triceps skinfold assessment, 116–17
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Manual Abilities Classification System 
(MACS), 16, 17b2.1

assessing mental health, 215
massage, 233
masturbation, 272
Maternal Child Health Bureau, 278
Measure of Processes of Care (MPOC), 

18t2.1, 19
medicaid, 342–3
medical equipment, 8, 22, 38–41, 63–86. see 

also braces; feeding tube; gait trainers; 
standers; wheelchairs

and aided communication, 172–3,  
174–7t10.1

assessment of needs, 64–5
availability, 65
bathroom, 82, 83f5.19, 84f5.20, 84f5.21
beds, 80
checklist, 363–6t23.2
cough assist device, 163–4
donation and charity, 66
evaluation, 64b5.1
fitting, 66
funding, 65–6
and health care team, 64
hearing aids, 191
importance of regular re-assessment, 82
insurance providers, 65–6
seating, 68–70, 69f5.1, 70f5.2, 70f5.3

car seats and transport, 69
social stigma, 77
strollers, 76, 76f5.12
and suctioning, 162–3, 310
teaching family to use, 66
transfer systems, 80, 81f5.16
trialling, 65

medications. see also names of medications; 
supplements

and airway clearance, 162, 163
for behavioral issues, 196
bone density, 98
chronic pain, 233
constipation as side effect, 141
dystonia, 35–8
and feeding tubes, 99, 137
gastro-esophigeal reflux disease (GERD)

acid suppression, 137
dosages, 138t8.1
pro-motility agents, 137–9
side effects, 139

hypertonia
and Baclofen pumps, 40
comorbidities, 34
dosages, 34
oral, 32, 34–8, 36–7t3.1

interactions, 137, 246–7
laxatives, 145–7t8.3

side effects, 147
mental health, 216, 217
osteoporosis, 99–101

as cause of, 90
side effects, 100–1

and reactive airways disease, 160–1
as risk factor for hearing impairment, 191
seizures, 240

and bone health, 98
and pain, 230
side effects, 246

spasticity, 35
melanosis coli, 147
melatonin, 199
meningitis, 213
menstruation, 264–8

care plan, 265f17.1
normal cycle, 265
physical exams, 265

mental health problems, 211–26, 231. see also 
Behavioral issues; specific disorders

and age, 219–20
common disorders, 215t13.2, 216t13.3
contributing factors, 214
co-occurence with cerebral palsy, 213–15
and epilepsy, 215
family support, 219
impact on eduction, 219
and intellectual disability, 211
and pain, 219
pharmacological management, 216, 217
predictive factors, 218–19
social transitions, 220
tools for improvement, 212t13.1

metabolism, 247
and bone density, 90
and bone growth, 89
fluid requirements, 234

Metoclompramide, 139
migraine, 246, 266
Mommies for Miracles (facebook group),  

342
mood disorders, 216
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and puberty, 264
and sexual abuse, 271
and sleep disorders, 198

Morphine, 235
mortality. see life expectancy
motor function, 17–18, 211. see also  

oral-motor skills
and cognitive impairment, 188
and cognitive testing, 188
and communication, 170
fine, 18–19
gross, 17–18
and social interaction, 220
and swallowing, 132
and toilet training, 205
and urological issues, 254

MRI Classification System (MRICS), 6
mucolytics, 163
multiple sclerosis, 266
musculoskeletal complications, 9, 20, 

21–2, 49–62. see also hip subluxation; 
osteoporosis; scoliosis

braces, 50, 56–8
choice of treatment, 51
fractures, 58
function impairment, 50
joint care, 50–2
malnutrition, 58
risk factors and prevalence, 60
skeletal changes, 92
surgery, 50–1, 52–4

osteotomy, 53–4
soft tissue, 52–3

unbalanced muscle tone, 50

National Health and Nutrition Examination 
Survey (NHANES), 263–4

National Joint Committee for the 
Communicative Needs of Persons with 
Severe Disabilities, 17

neglect, 196, 315
nephrolithiasis. see kidney stones
nephropathy, 147
neuroleptic syndrome, 230
neurologic sequelae, 9
Nissen fundoplication, 139–40, 160
non-steroidal anti-inflammatory drugs 

(NSAIDs), 148, 265, 272. see also 
ibuprofen

North American Society of Pediatric 
Gastroenterology, Hepatology and 
Nutrition (NASPGHAN), 137

nutrition, 9, 21–2, 107–30. see also feeding 
disorder; malnutrition

assessment, 117–18
and bone health, 58, 87, 89–90, 94
calorie expenditure, 118t7.2c
fiber, 144
and growth, 114–17

assessment, 115
surgery preparation, 58
and treatment of epilepsy, 247
and treatment of GERD, 137

obesity, 126
and pulmonary complications, 156

ocular xerosis, 119
Omeprazole, 137
opioids, 236

side effects, 141
oral hygiene, 157
oral-motor skills, 316

development, 108
impairment, 108–9
and malnutrition, 115
therapy, 111

O’Reilly, Jordan, 340
O’Reilly, Laura, 340
orthoses. see braces
Osler, William, 1
osteoblasts, 88
osteoclasts, 88, 101
osteonecrosis, 101
osteopenia, 15, 20, 58

as DXA scan indication, 91
osteoporosis, 15, 20, 87–106. see also bone 

density
causes of increased risk in CP patients, 

88–90, 123
medications, 90
nutrition, 89–90
weight bearing, 88–9

evaluation of bone health, 87
medications, 99–101 (see also names of 

medications)
side effects, 100–1

prevention, 94–8
gait training, 94–5
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nutrition, 94
and puberty, 87
risk factors, 88
as source of pain, 230
treatments, 98–101

dietary, 98
vibration, 99

osteotomy, 53–4
goals, 53
of the knee, 54

otitis media, 229, 299
ovarian torsion, 229
Oxcarbazepine, 246
oxiometry, 157, 165

Paediatric Pain Profile (PPP), 228
pain, 227–38. see also irritability

abdominal, 142, 148–50
causes, 149–50t8.4
chronic causes, 148–9
prevalence in CP patients, 148
as sign of sexual abuse, 271

acute, 229–30
and age, 228
assessment tools, 228–9
and behavioral issues, 196
care plans, 235
and chemodenervation, 44
chronic, 230t14.1, 231–2

definition, 231
diagnostic tests, 232
medications, 233, 234t14.2

and depressive episodes, 217
hypertonia, 31, 34
impact on mental health, 219
management, 232–5

non-pharmacological, 233–4
post-surgery, 60
side effects, 236

menstruation, 265
neuropathic, 229
nociceptive, 229

evaluation, 231
tests, 231

non-verbal communication of, 227–9
and sleep disruption, 198, 199
sources, 229–32

palliative care, 319–20
Pamidronate, 99–100

Pantoprazole, 137
papanicolaou testing, 272–3
parents

advice from, 325–44
CP patients on, 347–8
tips for, 330

patient feedback, 345–56
on adulthood and independence, 351–2
on coming to terms with diagnosis, 346–7
on doctors and therapists, 350–1
on parents, 347–8
on sexuality and relationships, 352
on socializing and making friends, 348–50

Pediatric Evaluation of Disability Inventory 
- computer-adaptive test (PEDI-CAT), 
18t2.1, 19

pediatric opthomologist, 190
Pediatric Outcomes Data Collection 

Instrument (PODCI), 18t2.1, 19
Peristeen, 144
periventricular leukomalacia, 190
Phelps, Winthrop, 1–2
Phenobarbital, 246

and bone health, 90, 98
interactions with other medications, 246–7

phenothiazines, 141
Phenytoin, 246

and bone health, 90, 98
phosphorus, 88, 94

dietary reference intake, 97t6.2
monitoring blood levels, 123
as treatment for osteoporosis, 98

physiotherapy, 162, 163
placebo, 35, 101
pneumonia, 44

and aspiration, 159
as side effect, 147
and tracheostomy, 317

polysomnograms, 165
Pregabalin, 233
primary care providers, 20, 279–80, 299–306. 

see also health care team
as center of health care team, 24
communication with family, 299, 301

difficult decisions, 307–24
DXA scans, 91–2
medical equipment referrals, 63–4
number of CP patients, 299
orthopedic referrals, 49
post-operative responsibilities, 59
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proctitis, 147
proton-pump-inhibitors (PPIs), 137
Prucalopride, 145
pseudomonas, 156, 161, 163
psychological assessment, 189
psychotherapy

and bereavement, 217
for family members, 314

puberty, 263–4. see also growth
delayed, 115, 119
and osteoporosis, 87
physical development, 264
precocious puberty and CP, 264

pulmonary disorders, 155–68. see also airway 
clearance impairment; lung disease; 
respiratory difficulties

airway obstruction, 156
evaluation, 156–7
morbidity, 155, 156
and perioperative considerations, 165–6
progression, 156
as result of aspiration, 160

pulmonary function, 59
and standers, 94

pulmonologist, 156
pyloric stenosis, 136
pyloroplasty, 140

quality of life, 8, 22. see also functionality
assessment, 19, 22
communication with family, 310
and constipation, 141
parents on, 333–5
tracheostomy, 310

Rabeprazole, 137
Rank-L inhibitors, 101
reactive airways disease, 160–1

and bronchitis, 161
symptoms, 160
treatment, 160–1, 161t9.1

Rehabilitation Engineering and Assistive 
Technology Society of North America 
(RESNA), 63

Reiki, 233

renal failure, 123–4
respiratory difficulties, 44

and GERD, 135–6
medication interactions, 137

and pain medications, 236
resuscitation, 320–1

salivagrams, 133, 157
and evaluation of aspiration, 159

salpingectomy, 268
scoliosis, 15, 20, 54–6

age progression, 56
Baclofen pumps, 41
Cobb angle, 55f4.5
and GERD, 135
impairment, 54
prevalence in CP patients, 54–5, 54f4.4
and pulmonary difficulties, 155
radiographic evaluation, 55
risk factors, 55
and sleep disorders, 164
surgery, 56

seizures, 239–50. see also epilepsy
atonic, 241
evaluation, 244–5
febrile, 244
focal, 240
generalized, 240–1
and GERD, 135
medications, 240, 246–7 (see also 

medication names)
and bone health, 98
and pain, 230
side effects, 141, 246

and menstruation, 264
neo-natal, 243
non-epileptic, 243
predictors, 245
provoked vs unprovoked, 244
recurrence, 245
and sleep disorders, 165, 198, 199
types, 239–42, 240t15.1
unknown, 241–2

self-harm, 196, 216, 219
sensory impairment, 187–94

hearing, 191
tactile, 192
vision, 189–91

assessment, 190
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management, 190
risk factors, 189
and sleep disruption, 198

serotonin, 230
sexuality, 263–76

behavioral issues, 272
CP patient feedback, 352–3
further reading, 272
identity, 268
orientation, 268
taking a medical history, 268, 269–71

sample questions, 270f17.3
sexually transmitted diseases, 268, 269

screening, 270–1, 279
Shrader, Carole, 325
Shusterman, Michele, 325
sialorrhea, 38, 157–8

and aspiration, 133
causes, 157
complications, 157
evaluation, 157
management, 157–8, 158f9.1
treatment, 134

siblings, 331–3
skin. see dermatological symptoms
sleep apnea, 164
sleep diaries, 199, 200, 201f12.1
sleep disorders, 155–68, 164–6, 198–203, 230

assessment, 198–9
role of family, 198–9
variables, 199

environmental factors, 199–200
evaluation, 165
graduated, 203t12.1
graduated vs unmodified extinction, 202–3
hypoventilation, 156–7
impact on other areas, 198
importance of routine, 200
long-term complications, 156
management, 165, 199–203

behavioral, 200–3
medical, 199–200

prevalence in CP patients, 198
and sexual abuse, 271
surgical options, 165

sleep studies, 200
social activities, 335–7, 343–4
social impairment, 214

and augmented communication, 177
CP patient feedback, 348–50

employment, 339
and malnutrition, 118
transitions, 220

social skills, 197
sodium, 245
sodium valproate, 141
spasticity

and airway obstruction, 317
assessment, 32
and autistic spectrum disorders, 218
and chemodenervation, 43
and classification, 3–4
definition, 31
diplegia, 213
and the ICF, 9
and joint care, 50
oral medication, 35
quadriplegia, 213
as source of pain, 232
surgery, 50–1

speech therapy, 110, 171
and hearing loss, 191
and malnutrition, 124

spina bifida, 141, 144
spinal cord

and Baclofen, 34, 38
and defecation, 141
and gastro-intestinal function, 131
monitoring and scoliosis, 56
and Tizanidine, 35
and urinary tract function, 252, 254

standers, 71f5.4, 72f5.5, 72f5.6, 73f5.7, 
73f5.8, 74f5.9, 94

and prevention of constipation, 144
steroids, 160
supplements, 124, 125t7.5. see also 

medications
micronutrients, 125

surgery
arthrodesis, 51, 54
as cause of gastroparesis, 136
communication with family, 318
for constipation, 147–8
contraceptive device implantation, 268
and epilepsy, 240, 247
as GERD treatment, 139–40
hip subluxation X-rays, 53f4.2
osteotomy, 53–4
and pain, 232
post-surgical care, 59–60
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pre-surgical preparation, 58–9

pulmonary considerations, 165–6
and prevention of aspiration, 160
risks and complications, 58–9
on salivary glands, 134
scoliosis, 56

and lung disease, 156
sleep apnea, 165
soft tissue, 52–3
and spasticity, 50–1

Surveillance of Cerebral Palsy in Europe 
network (SCPE-NET), 4

swallowing dysfunction, 132–4
and aspiration, 158–9
diagnosis and evaluation, 133
and GERD, 159
management, 133–4
normal swallowing function, 132
presentation, 132–3
and sialorrhea, 157
symptoms, 132–3

technology, 10
and communication, 172–3, 174–7t10.1, 

178
availability, 173

and medical equipment, 80
testicular torsion, 229
thiamin, 119
Thompson, Donna

The Four Walls of My Freedom: Lessons I’ve 
Learned from a Life of Caregiving,  
342

Tizanidine, 35
toilet training, 258

medical intervention, 205
sample plan, 206–7t12.3
schedule, 205–6

toileting, 203–7
assessment of disorder, 203–4
behavioral intervention, 205–7
equipment, 82f5.17, 83f5.18
issues and comorbidity with CP, 203
scatter plot, 204t12.2

tracheostomy, 165, 317–18
communicating with family, 310
family decision, 317

Trazodone, 199

treatment plans. see care planning
Trihexyphenidyl, 35–8

UK Care Act 2014, 278
ulcers, 136, 137
ultrasound, 6

and chemodenervation, 44
pain evaluation, 231

upper gastro-intestinal series (UGI),  
136

urolithiasis, 147
urologic issues, 251–62. see also incontinence; 

lower urinary tract
diagnostic evaluation, 254t16.1
gender demographics, 253
management, 255–7, 256t16.2
and mobility, 254
recommended treatments, 257–8

US Department of Health and Human 
Services, 227

US Food and Drug Administration (FDA), 
42, 199

vaccination, 272–3, 279
vagus nerve, 247–8
vesicoureteral reflux, 257
video-fluoroscopy, 110

and swallowing disorder, 133
Vineland Adaptive Behavior Scales (VBAS-III), 

188
vitamin A, 119
vitamin C, 119
vitamin D, 20, 58

and bone health, 88, 94, 98
deficiency, 119
dietary reference intake, 97t6.3
and epilepsy, 247
and hypocalcemia, 100–1
monitoring of blood levels, 123
and normal bone growth, 88
and seizure medications, 246
supplements, 125
and treating osteoporosis, 98

walkers, 74–6
Wechsler Intelligence Scale for Children 

(WISC-V), 188
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Intelligence (WPPSI-III), 188

weight. see also obesity
gain, 231, 233

and risk of fracture, 89
as side effect of hormonal contraceptives, 

267
and GERD, 136
loss, 142
measuring, 116–17
and swallowing disorders, 132

West syndrome, 241
wheelchairs, 77–80

accessories, 79–80
base frame, 77–9
independence, 77
manual, 78f5.13
powered, 78f5.14
seating, 79
vs strollers, 77
wheel type, 79

Wolff’s Law, 88
World Health Organization (WHO), 8

mental health, 214
on sexual health, 263, 266

wrist drop, 56

X-ray absorptiometry. see DXA scans
X-rays, 20

and Baclofen pumps, 41
and constipation diagnosis, 144
hip displacement screening, 51
osteopenic, 91
osteotomy, 53f4.2, 53f4.3
post-surgery, 59
and pulmonary disorders, 156

zinc, 94, 119
Zoledronate, 100, 101
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