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Abstract

Objective: To examine the association between parent-reported ability of young children with cerebral palsy (CP) to eat different food textures

and gross motor functional abilities.

Design: Prospective, longitudinal, representative cohort study.

Setting: Community and tertiary pediatric hospital settings.

Participants: Children (NZ170; 110 boys [65%]) were assessed on 396 occasions (range, 1e4 occasions), including 67 at 1 year 6 months

(49 boys), 99 at 2 years (66 boys), 111 at 2 years 6 months (71 boys), and 119 at 3 years (64 boys).

Interventions: Not applicable

Main Outcome Measures: Gross motor function was determined using the Gross Motor Function Classification System (GMFCS). Parent-

reported eating ability was determined using 4 items of the Pediatric Evaluation of Disability Inventory. The association between capability to eat

food textures and GMFCS level was examined using generalized estimating equations.

Results: The distribution of GMFCS levels at initial presentation was as follows: I, nZ62; II, nZ32; III, nZ24; IV, nZ22; and V, nZ30.

Reported capability to eat cut-up/chunky and “all textures” of table foods decreased significantly as GMFCS level increased. A decreased

capability to eat pureed/blended and ground/lumpy foods compared with GMFCS I was significantly associated with GMFCS levels IV and V

only.

Conclusions: Reported attainment of eating skills was closely associated with GMFCS level in young children with CP across age levels. These

results emphasize the need for early oral-motor and feeding screening in young children with CP across gross motor functional abilities.
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Cerebral palsy (CP) is themost common cause of physical disability
in childhood, occurring in 1 in 500 children.1,2 It is a group of
permanent disorders of movement and posture, causing activity
limitation, that are attributed to nonprogressive disturbances that
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occurred in the developing fetal or infant brain.3 Although struc-
tural damage to the brain remains static and permanent, the
consequent symptoms are variable and may change over time.3 In
addition to disordered movement or posture, children may have
a range of associated disabilities, including intellectual disability,
hearing and visual deficits, communication impairment, poor
nutrition, feeding and swallowing problems, respiratory infections,
and epilepsy.1

Eating, drinking, and swallowing difficulties have been
reported in children with CP with both mild and severe motor
impairment.4,5 Oropharyngeal dysphagia (OPD) may include
difficulties such as poor lip closure and lip retraction, impaired
habilitation Medicine
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tongue movements, little/no tongue lateralization, primitive oral
reflexes, and problems with movement patterns such as tongue
thrust, suckle reflex, tonic bite, and an impaired swallow reflex.6

These impairments result in functional limitations such as poor
saliva control and drooling7,8; difficulty sucking, biting, chewing,
and swallowing6,8-11; and oropharyngeal aspiration.12-14 Impair-
ment of structure and function of the head and neck, and trunk and
upper limbs may also affect postural stability and hand/arm
movements. Together these impairments potentially affect the
ability of children with CP to eat, drink, and self-feed and thereby
impact negatively on their ability to safely ingest adequate
nutrition and maintain adequate hydration. Reported associated
health detriments include growth restriction and inadequate
nutrition,8,15 the need for tube feeding, pulmonary complications
such as pneumonia, and multiple hospitalizations associated with
oropharyngeal aspiration.4,8,16,17

Limited data exist concerning the prevalence of OPD across
the full range of motor function in children with CP. Swallowing
difficulties have been reported in up to 99% of children with
CP who have severe motor impairment,18 with most of the chil-
dren classified as Gross Motor Function Classification System
(GMFCS) level IV or V exhibiting moderate to severe (76%) or
profound (15%) dysphagia.18 Feeding problems, including diffi-
culty biting and chewing, have been documented in 4% of chil-
dren aged 2 to 12 years (mean age, 6.0�2.4y) with more mild
motor impairment (GMFCS levels IeIII),19 while little is known
about the prevalence and nature of OPD and dysphagia in younger
children in this group. Parkes et al7 investigated a cohort of
5-year-old children with CP diagnosed at a young age. They
determined swallowing/chewing impairment based on a “present/
absent” question on a standardized questionnaire and found an
increasing likelihood of swallowing/chewing impairment as gross
motor function decreased. They reported the following odds ratios
(ORs) of having a swallowing/chewing impairment per GMFCS
level in comparison with GMFCS level I: 1.5 (II); 1.8 (III); 4.8
(IV); and 15.7 (V).7 Some studies15,20 have used nonstandardized
parent-reported questionnaires to measure OPD, while others that
have used formal clinical evaluations of OPD and dysphagia have
not investigated skills in children across the full range of gross
motor functional ability.8,9,18,21 Current investigations into OPD
and feeding difficulties in children with CP have focused on
a single time point, cross-sectional data, or diverse samples across
broad age ranges (mean ages ranging from 4y 3mo to 10y 8mo),
and often concentrate on only the most severely impaired chil-
dren.4,6,8,15,18,21 There is limited information on the prevalence of
feeding and swallowing difficulties in very young children with
CP across the full spectrum of motor function.

The inability to eat a range of food textures during mealtimes
has been reported as one factor associated with inadequate
nutrition and poor growth, and is suggestive of OPD in children
with CP where clinical evaluations of oral motor and swallowing
skills have not been used.4,15 Two large studies4,15 (nZ230,
List of abbreviations:

ACPR Australian Cerebral Palsy Register

BMI body mass index

CP cerebral palsy

GMFCS Gross Motor Function Classification System

OPD oropharyngeal dysphagia

OR odds ratio

PEDI Pediatric Evaluation of Disability Inventory
nZ343) have used parent reports on nonstandardized question-
naires about perceived swallowing difficulty and types of food and
fluids consumed and/or texture modification to indicate the prev-
alence of OPD. Questions about ability to eat food textures are
also often used to determine self-care performance during eating
and mealtimes in a range of standardized functional performance
measures. The Pediatric Evaluation of Disability Inventory (PEDI)
is a standardized tool used to determine participation including
self-care performance during eating and mealtimes, and is widely
used in the CP population.22 Knowledge of children’s abilities on
food texture items from this standardized measure across multiple
age points would provide an initial understanding of the nature of
eating performance in very young children with CP who have
a range of gross motor abilities.

The aims of this study were to (1) examine the relationship
between parent-reported ability to eat different food textures on
a standardized functional performance tool and gross motor
function abilities in a cohort of very young children with CP
across the full spectrum of gross motor function; and (2) deter-
mine whether the ability to eat food textures changed with age in
this population (either improvement or deterioration). We
hypothesized that capability on food textures would be related to
motor function rather than age.
Methods

This study used data collected as part of a prospective, longitudinal,
representative population cohort study investigating the relationship
between brain structure and gross motor function in young children
with CP. The CP Child study involved the recruitment of young
children with CP across Victoria and Queensland, Australia, born
between January 1, 2004, and December 31, 2005, in Victoria, and
between January 1, 2006, and December 31, 2008, in Queensland.
Children with a suspected or confirmed diagnosis of CP were
referred to the study by their physician or allied health therapist. In
addition, self-referrals were accepted from families. The diagnosis
was confirmed by a pediatric rehabilitation specialist, pediatric
neurologist, and/or pediatrician and a physiotherapist using inter-
nationally accepted criteria.3 Those who had a progressive or
degenerative condition diagnosed were excluded. If a diagnosis was
unclear, children remained in the study while undergoing further
investigations until a definitive diagnosis was made. Only data from
children with a confirmed diagnosis of CP were included in
this analysis.

Participants were assessed on 6 separate occasions between 18
months corrected age and their fifth birthday, on a 6-monthly basis
from 18 months corrected age until 3 years corrected age. Children
entered the study at any time point, dependent on when the diag-
nosis was made and the referral was received. Data from the 18, 24,
30, and 36 months corrected age assessments only were available
for inclusion in this article. All assessments were performed within
1 month either side of each of the assessment due dates. Assess-
ments at all time points included classification of GMFCS, motor
type and distribution, and administration of the PEDI. A physi-
cian’s checklist was administered at the initial evaluation only. This
contained information on other child characteristics including
presence of epilepsy and a gastrostomy tube, and any additional
comorbidities such as preterm birth (gestational age, <37wk ) or
other medical diagnoses.

Ethical approvals for the CP Child studies have been received
from the Royal Children’s Hospital and Health Services District,
www.archives-pmr.org
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Brisbane (HREC/07/QRCH/107), the Royal Children’s Hospital
Human Research Ethics Committee in Melbourne (25010E),
Southern Health Ethics (05077C), the University of Queensland
(2007001784), and Mater Health Services (1186C). Informed
consent was received from all families.

Outcome measures included parent-reported eating ability
and gross motor functional severity. Parent-reported eating
ability was measured using the 4 texture items of the Self-Care
Domain from the PEDI. Children were scored as either unable
“0” or capable “1” to eat 4 texture categories. The items
included the following: (1) eats pureed/blended/strained foods;
(2) eats ground/lumpy foods; (3) eats cut-up/chunky/diced foods;
and (4) eats all textures of table food.22 The PEDI is a generic,
standardized instrument of functional performance in children
with disabilities that has been found to be both valid and reli-
able.22 It has been standardized on a sample of 412 able-bodied
American children between the ages of 6 months and 7 years
6 months.22

Gross motor functional severity was determined by the inter-
nationally accepted GMFCS.23 It has established validity and
reliability for use in young children with CP.23,24 Children were
independently classified by 2 physiotherapists into 1 of 5 func-
tional categories using the descriptions provided for the relevant
age bands (ie, before second birthday or between second and
fourth birthdays). When initial consensus on classification was not
reached, classification took place using case discussion with
a therapist who was consistent across both sites.

Statistical analysis

Data were summarized using descriptive statistics. The association
of capability to consume foods of different textures according to
GMFCS level, taking into account the longitudinal nature of the
data, was investigated using a generalized estimating equation
approach. A binomial family and logit link assuming an
exchangeable correlation structure was used. GMFCS level and
age were included as main effects, and a GMFCS-by-age inter-
action was included to investigate whether the ability to consume
different textures for each level changed according to age. Cross-
sectional data of capability to consume foods of different textures
according to GMFCS level and other characteristics (preterm
birth, epilepsy, gastrostomy, motor type and distribution, number
of limbs, and body mass index [BMI]) were analyzed using
logistic regression. Effect estimates are presented as ORs and 95%
confidence intervals. Data were analyzed using Stata statistical
software version 11.1.a
Table 1 GMFCS level by age

Age Band

Years; Months

Total

(n)

Boys

n (%)

I

n % n

1; 6 67 49 (73) 12 18 18

2; 0 99 66 (67) 34 34 14

2; 6 111 71 (64) 47 42 15

3; 0 119 74 (62) 56 47 16

ACPR* 2351y 58%z 715 30 466

* From the Australian Cerebral Palsy Register Report: Birth Years 1993e2003
y Total number of children with known GMFCS levels and including 343 chi
z From 3050 children excluding unavailable Western Australian data.

www.archives-pmr.org
Results

A total of 396 assessments were performed on 170 individual
children (110 boys [65%]), with a mean of 2.3 (range, 1e4)
assessments per child; 53 children were assessed once, 35 were
assessed twice, 55 were assessed 3 times, and 27 were assessed 4
times. Children attended at time points of 18�1, 24�1, 30�1, and
36�1 months corrected age. The numbers of children included in
each age band, by sex and GMFCS levels, are shown in table 1.

The distribution of GMFCS levels at initial presentation was as
follows: I, nZ62 (36.5%); II, nZ32 (18.8%); III, nZ24 (14.1%);
IV, nZ22 (12.9%); and V, nZ30 (17.7%). Thirty-four children
(20%) were reclassified during subsequent assessments, while 80%
remained stable across assessments. The distribution of participants
at each of the age groups by GMFCS level and data from the
Australian Cerebral Palsy Register Report: Birth Years 1993e2003
(ACPR Report) are shown in table 1. Total proportions across each
GMFCS level were similar to the national data referenced in the
ACPR Report, with the highest proportion noted for GMFCS I.
Child characteristics including motor type and distribution, number
of limbs involved, preterm birth (gestational age,<37wk), presence
of epilepsy, presence of gastrostomy tube, and BMI at each child’s
initial evaluation are shown in table 2. Numbers are included where
there are missing data. BMI could only be obtained for children
from Queensland. Thirteen children (7.6%) required a gastrostomy
tube for supplemental or total nutrition.

Associations between capability to consume food of different
textures and GMFCS level, while accounting for the age of the
participants, are reported in table 3. There was no interaction of
GMFCS level with age for any texture, indicating that the rela-
tionship between GMFCS levels remained stable across the age
groups analyzed in this study (in 16 age-group/GMFCS interac-
tions, minimum PZ.13). Consequently in the final model, we
included GMFCS level and age as main effects only. For each
texture, capability to consume decreased as GMFCS level in-
creased. Children in all GMFCS levels II through V were signifi-
cantly less capable of eating cut-up/chunky and “all textures” than
children in GMFCS I. Children in GMFCS levels IV and V were
significantly less capable of eating pureed and ground/lumpy foods
than children in GMFCS I (see table 3).

Proportions of reported capability to eat each food texture at
each GMFCS level at all age groups are reported in table 4.
Capability to manage food textures decreased as textures became
more complex. At all age groups, capability was highest on the
pureed/blended texture and lowest on the cut-up/chunky (chewable)
texture (P<.001 for each age group). The likelihood of children in
GMFCS Level

II III IV V

% n % n % n %

27 10 15 11 16 16 24

14 15 15 17 17 19 19

14 16 14 17 15 16 14

14 14 12 16 14 17 14

20 231 10 272 12 324 14

.

ldren (15%) with unknown GMFCS levels not shown in table.
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Table 2 Child characteristics at initial assessment

Characteristic N %*

GMFCS Level

I II III IV V

n %y n %y n %y n %y n %y

Motor type (nZ165)

Unilateral spastic 51 30.9 38 74.5 10 19.6 3 5.9 0 0 0 0

Bilateral spastic 94 60.0 18 19.2 18 19.2 18 19.2 19 20.2 21 22.3

Dystonic 13 7.9 0 0 0 0 0 0 1 33.3 2 66.7

Ataxic 1 0.6 1 100 0 0 0 0 0 0 0 0

Hypotonic 12 7.3 1 8.3 4 33.3 2 16.7 2 16.7 3 25

Athetoid 4 2.4 0 0 0 0 0 0 0 0 4 100

No. of limbs (nZ166)

1 2 1.2 2 100 0 0 0 0 0 0 0 0

2 86 51.8 49 60.0 24 27.9 11 12.8 2 1.2 0 0

3 19 11.5 4 21.1 3 15.8 5 26.3 4 21.1 3 15.8

4 59 35.5 4 6.8 5 8.5 7 11.9 16 27.1 27 45.8

Uni/bilateral (nZ165)

Unilateral 53 32.1 38 71.7 11 20.8 3 5.7 1 1.9 0 0

Bilateral 112 67.9 21 18.8 21 18.8 19 17.0 21 18.8 30 26.8

Preterm (nZ167) 66 39.5 19 28.8 16 24.2 13 19.7 9 13.6 9 13.6

Epilepsy (nZ159) 34 21.4 5 14.7 1 2.9 6 17.6 6 17.6 16 47.1

Gastrostomy (nZ156) 13 8.3 1 7.7 0 0 0 0 2 15.4 10 76.9

BMI (nZ67) 67 16.4�2.3z 27 18.8�2.0z 10 17.4�2.5z 9 16.5�3.2z 8 15.9�1.3z 13 15.0�1.9z

* Percentage of the group tested.
y Percentage within the group.
z Values are mean � SD.
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each GMFCS level II through V being rated as capable of eating
each of the food textures, in comparison with children in GMFCS
level I for each of the age groups, is shown in table 4 as ORs.
Although capability on pureed/blended foods was 100% for all
GMFCS levels at age 1 year 6 months, generally capability on each
texture level decreased as grossmotor functional severity increased.

Children’s capability to consume textures according to specific
child characteristics including presence of epilepsy, preterm status,
presence of a gastrostomy tube, andmotor distributionwas explored
(table 5). Children with epilepsy were less capable of consuming
ground/lumpy, cut-up/chunky, and all textures but as capable with
purees. Preterm children were as capable of consuming purees and
cut-up/chunky textures but more likely to consume ground/lumpy
and all textures than children with CP born term. Children with
gastrostomy tubes were less capable of consuming every texture
Table 3 Association between GMFCS level and capability of eating foo

GMFCS n % Pureed/Blended Groun

Total 396 100 OR 95% CI OR

I 149 38 1.00 Ref 1.00

II 63 16 NC NC 0.27

III 55 14 0.59 .05e6.74 0.26

IV 61 15 0.15 .03e.88* 0.05

V 68 17 0.10 .02e.54y 0.03

NOTE. Data were modeled using a generalized estimating equation approach

The main effects included in the model were GMFCS level and age band. GMFC

children.

Abbreviations: CI, confidence interval; NC, not calculable (because all childr

category.

* P<.05
y P<.01.
group than those without a gastrostomy tube. Children with
unilateral lesions were more capable of consuming cut-up/chunky
and all textures than those with bilateral impairment, but as
capable of consuming purees and ground/lumpy textures. Children
with higher BMI were more capable of consuming ground/lumpy
and cut-up/chunky textures.
Discussion

Reported attainment of eating ability was significantly associated
with gross motor functional ability as rated on the GMFCS in
young children with CP between 1 year 6 months and 3 years
corrected age. Children’s ability to consume food textures with
advancing complexity (eg, ground/lumpy, cut-up/chunky foods, all
d textures over all age bands

d/Lumpy Cut Up/Chunky All Textures

95% CI OR 95% CI OR 95% CI

Ref 1.00 Ref 1.00 Ref

.05e1.56 0.18 .04e.93* 0.43 .22e.84*

.04e1.60 0.13 .02e.66* 0.38 .19e.78y

.01e.22y 0.03 .01e.13y 0.14 .06e.30y

.01e.14y 0.01 .00e.04y 0.05 .02e.12y

with binomial family, logit link, and exchangeable correlation structure.

S I is the reference level. Results derived from 396 assessments from 170

en of GMFCS II were capable on pureed/blended texture); Ref, reference

www.archives-pmr.org
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Table 4 Association between GMFCS level and capability of eating food textures at each age band

Age Band

GMFCS Pureed/Blended Ground/Lumpy Cut Up/Chunky All Textures

Level n n % OR 95% CI n % OR 95% CI n % OR 95% CI n % OR 95% CI

1y 6mo I 12 12 100 1.00 Ref 12 100 1.00 Ref 12 100 1.00 Ref 9 75 1.00 Ref

(nZ67) II 18 18 100 NC 17 94 0.47 .02e12.43 16 89 0.26 .01e6.00 12 67 0.67 .13e3.41

III 10 10 100 NC 9 90 0.25 .01e6.94 8 80 0.14 .01e3.20 5 50 0.33 .06e2.01

IV 11 11 100 NC 9 82 0.15 .01e3.55 7 64 0.07 .00e1.42 6 55 0.40 .07e2.33

V 16 16 100 NC 12 75 0.11 .01e2.29 5 31 0.02 .00e.39* 2 13 0.05 .01e.34*

2y I 34 34 100 1.00 Ref 34 100 1.00 Ref 34 100 1.00 Ref 28 82 1.00 Ref

(nZ99) II 14 14 100 NC 14 100 NC 14 100 NC 10 71 0.54 .12e2.30

III 15 15 100 NC 14 93 0.14 .01e3.65 11 73 0.04 .04e.74* 8 53 0.24 .06e.93*

IV 17 15 88 0.09 .00e1.98 13 76 0.04 .00e.86* 10 59 0.02 .00e.39* 5 29 0.09 .02e.35*

V 19 18 95 0.18 .01e4.61 13 68 0.03 .00e.57* 6 32 0.01 .00e.13* 1 5 0.01 .00e.11*

2y 6mo I 47 47 100 1.00 Ref 46 98 1.00 Ref 46 98 1.00 Ref 35 74 1.00 Ref

(nZ111) II 15 15 100 NC 13 87 0.14 .01e1.68 13 87 0.14 .01e1.68 11 73 0.94 .25e3.53

III 16 16 100 NC 16 100 1.06 .04e27.44 16 100 1.06 .04e27.44 10 63 0.57 .17e1.91

IV 17 15 88 0.07 .00e1.43 12 71 0.05 .01e.49* 12 71 0.05 .01e.49* 9 53 0.39 .12e1.233

V 16 15 94 0.11 .00e2.81 9 56 0.03 .00e.26* 5 31 0.01 .00e.09* 2 13 0.05 .01e.25*

3y I 56 54 96 1.00 Ref 54 96 1.00 Ref 54 96 1.00 Ref 46 82 1.00 Ref

(nZ119) II 16 16 100 1.51 .07e33.13 16 100 1.51 .07e33.13 15 94 0.56 .05e6.55 12 75 0.65 .17e2.45

III 14 13 93 0.48 .04e5.72 13 93 0.48 .04e5.72 13 93 0.48 .04e5.72 9 64 0.39 .11e1.42

IV 16 16 100 1.51 .07e33.13 13 81 0.16 .02e1.06 12 75 0.11 .02e.68* 7 44 0.17 .05e.56*

V 17 13 76 0.12 .02e.73* 9 53 0.04 .01e.23* 4 24 0.01 .00e.07* 1 6 0.01 .00e.11*

NOTE. Data were analyzed within age band by using a logistic regression model with GMFCS level as the main effect. Effect estimates presented as OR

(95% CI). When all participants were successful in both reference and comparator groups, estimates are not calculable; when all participants in either

reference or comparator group were successful, estimates are calculated by adding a continuity correction of 0.5 to each cell.

Abbreviations: CI, confidence interval; NC, not calculable; Ref, reference category.

* Significant P<.05.
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textures) was best in those with GMFCS I and progressively
decreased as GMFCS level increased (or gross motor functional
ability decreased). Children classified as GMFCS levels IV and V
were significantly more likely to be reported as unable to eat
a range of food textures than those classified as GMFCS level I.
This finding was evident regardless of age at assessment and was
maintained over time with increasing age. Child characteristics
significantly associated with capability on textures included
presence of epilepsy, presence of gastrostomy tube, motor distri-
bution, number of limbs involved, and BMI.

Children’s ability to consume more complex food textures was
significantly associated with gross motor function at all age
bands. Most children were reportedly capable of consuming
Table 5 Capability to consume textures according to child characteris

Characteristic N

Pureed/Blended Grou

OR P OR

Epilepsy (nZ159) 34 0.81 .858 0.22

Gastrostomy (nZ156) 13 0.04 .010* 0.03

Preterm (nZ167) 66 1.98 .555 3.66

Unilateral (nZ158)y 13 NC NC 4.25

No. of limbs (nZ166)z 78 NC NC 0.11

BMI (nZ67) 67 2.75 .162 2.01

Abbreviation: NC, not calculable.

* Significant P<.05.
y Unilateral (compared with bilateral).
z No. of limbs recoded to binary score: 0Z1e2 limbs, 1Z3e4 limbs.

www.archives-pmr.org
pureed/blended foods, for each age group and over time. As the
complexity of the texture increased, requiring more complex oral-
motor movements to consume, the capability decreased, with the
least number of children capable on the cut-up/chunky textures
and all textures. This was evident even at GMFCS I at all age
bands, indicating that some children with minimal gross motor
functional impairment may still experience difficulty with food
textures possibly related to feeding/swallowing difficulties. Chil-
dren in GMFCS levels II and III, were significantly less likely to
be capable of consuming cut-up/chunky and all textures (than
those in GMFCS I). Children in GMFCS levels IV and V, were
significantly less likely to consume pureed/blended, ground/
lumpy, cut-up/chunky, and all textures, with their capability
tics

nd/Lumpy Cut Up/Chunky All Textures

P OR P OR P

.006* 0.15 <.001* 0.21 <.001*

<.001* 0.03 <.001* 15.03 <.001*

.047* 1.65 .217 2.5 .006*

.061 10.68 .002* 2.21 .028*

.004* 0.10 <.001* 0.33 .001*

.018* 2.05 .002* 1.28 .068

http://www.archives-pmr.org
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decreasing as the texture complexity increased. When we tested
for the presence of an overall interaction between GMFCS level
and age group, we found there was no statistically significant
interaction present. Nevertheless, the effect estimates in table 3
suggest that children in GMFCS V may have a decreased capa-
bility of swallowing purees, ground/lumpy, and cut-up/chunky
textures from ages 11/2 to 3 years. This subgroup warrants
further investigation.

Our findings are consistent with those in the literature. Sullivan
et al15 compared 271 children with neurologic impairment and
recorded OPD (96% CP) with 72 children with neurologic
impairment and no recorded OPD (93% CP). They found that
children who were unable to walk or required an aid or helper to
walk were significantly more likely to have problems eating and
swallowing lumpy foods, and required food to be mashed or
liquidized (P<.0001). Children with severe motor impairment
were more likely to be fed by gastrostomy tube (P<.001). Non-
walkers were also more likely to choke with solid foods or liquids.
Calis et al,18 in their study of 166 children with CP who were
classified as GMFCS levels IV and V, also found that children in
GMFCS V were significantly more likely to have more severe
dysphagia and to require diet restrictions, use swallowing strate-
gies, and be dependent on others for feeding.

While our findings specifically relate to capability on food
textures related to gross motor function, a link with OPD is sug-
gested. Reilly et al21 examined the association of clinically assessed
OPD with category of CP and found that severe and moderate OPD
were more commonly found in children with tetraplegia, whereas
mild OPDwas associated with diplegia. Others have also found that
children with quadriplegia had lower mean feeding competence
scores (P<.001) compared with other types of CP.8 Similarly, we
found that children with 3 or 4 limbs involved had significantly less
capability on ground/lumpy, cut-up/chunky, and all textures than
children with 1 or 2 limbs involved. Those with bilateral distribu-
tion again had poorer function on cut-up/chunky and all textures
than those with unilateral distribution. Reilly21 also found that
approximately 30% of their cohort had such severe OPD that their
oral intake was restricted to either liquids or pureed foodstuffs.
Children with moderate and severe OPD tended to have difficulty
with all textures (spooned purees, purees containing lumps, semi-
solids requiring munching, solids requiring chewing, and solids
requiring biting), whereas those with mild OPD tended to have
texture-specific difficulties. We also found that children in GMFCS
levels IVand V were less capable on every texture (pureed, ground/
lumpy, cut up/chunky) compared with children in GMFCS level I,
while those in levels II and III had difficulties with cut-up/chunky
foods compared with those in level I. While all GMFCS levels
were significantly reportedly less capable on all textures, this may
be attributable to parents’ interpretation of the question and relate
more to chewable foods. This would explain the difference in
findings between better capability on pureed and chunky foods as
compared with “all textures” in children with GMFCS levels II
and III.

In addition to our findings of functional motor impairment,
motor distribution, and number of limbs involved, other child
characteristics associated with reduced capability on textures
included the presence of epilepsy, children born term (rather than
preterm), children with a gastrostomy tube, and BMI. While the
presence of epilepsy was not found to be related to the severity of
swallowing dysfunction in a study25 of 67 children with CP, aged 3
to 17 years (mean age, 8.5y; diplegia 42%, tetraplegia 37%), chil-
dren in our cohort with epilepsy had a significantly worse capability
on ground/lumpy, cut-up/chunky, and all textures than children
without epilepsy. The difference in findings may relate to their
interpretation of “severity,” which characterized impairment to
different phases of the swallow rather than a binary rating of
whether impairment was evident or not. While preterm children are
known to have feeding difficulties,26 and delays with texture
progression compared with children born term,27 we found that
children with CP born preterm had better performance on ground/
lumpy and all textures than those born term, butwere no different on
the pureed or cut-up/chunky textures. While this may possibly
relate to the type of brain lesion, further investigation would be
of benefit.

Difficulties with food textures have previously been associated
with poor nutritional status and gastrostomy tube feeding. Fung
et al4 devised a feeding dysfunction scoring system ranging from
none to severe, which incorporated a description of function and
food/fluid textures taken (eg, none: eats normal diet [age-appropriate
foods]; severe: severe difficulties with consuming liquids and solids,
requires well-moistened solid foods, thickened fluids, and/or tube
feeding). They found that in childrenwithGMFCS levels III through
V, feeding dysfunction was significantly associated with lower
growth and nutrition measures including lower weight, height,
triceps and subscapular skinfolds, and arm muscle area Z scores.
They reported a “dose response” in children fed by mouth, with
lower growth scores associated with more severe feeding dysfunc-
tion; however, better growth scores were observed in children with
supplemental or total tube feeding.4 Similarly Troughton and Hill8

reported that undernourished children with CP had significantly
lower feeding competence scores in all areas of feeding (spoonable
foods, biting, chewing, cup and straw drinking, and swallowing)
than adequately nourished children with CP (P<.002). We also
found a significant association between BMI and capability on
textures, and that children with gastrostomy tube feeding were
significantly less capable on the full spectrum of textures (pureed,
ground/lumpy, cut up chunky), consistent with the findings of others.

The strengths of the current study include the collection of
cross-sectional and longitudinal data from 396 evaluations to
provide information over time. Our sample of participants overall
reflected the proportions of GMFCS levels in an Australian pop-
ulation of children with CP, thus supporting the generalizability of
our findings to clinical practice. Another strength is the use of the
PEDI, which while using parent reports, is a standardized measure
of functional ability that has good content validity and reliability,
is Rasch analyzed and used extensively in clinical practice.
Study limitations

Several limitations exist. The PEDI is not a test of OPD or oral-
motor function, so the contributing factors as to why a child is
reported to be “unable” to eat a texture are not readily identifiable.
While we may suspect a link with OPD, other reasons may include
challenging mealtime behaviors, sensory processing issues, poor
self-feeding skills, and family or cultural preferences. Additionally,
parent-reported measures of OPD have not correlated with the
severity of dysphagia assessed by clinical evaluation,18 suggesting
that they are a poor measure of the prevalence of OPD. However,
this may be a reflection of the type of question asked. Callis18

asked, “Do you consider eating and drinking in your child as
a problem?” as well as 2 other questions about enjoyment with
feeding and the time taken. Parents of children who are eating
modified diets (including texture restriction and thickened fluids)
www.archives-pmr.org
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and growing well may not consider their children’s eating/drinking
“a problem,” while they may indicate that their children are
“unable” to consume chewable foods. Hence, the quality of infor-
mation gained from parent reports will directly relate to the type of
question administered, and question/item analysis and standardi-
zation are essential. The self-care items on the PEDI related to
drinking and consuming fluids revolve around the ability to self-
feed from utensils rather than determine competence and safety
of drinking and swallowing fluids, and therefore could not be used
in this study. There is also no direct evaluation of oral-motor and
swallowing function to compare with these parent-reported find-
ings. Thus, further studies prospectively evaluating food textures on
the PEDI and clinically evaluated oral-motor and swallowing skills/
OPD on different food and fluid textures in children with CP across
a range of gross motor function levels would be desirable. Finally,
while growth and nutrition were not a focus of this research, BMI
was included as a variable in the analysis. Although BMI has
typically been used as a screening tool for malnutrition, it has been
found to be a poor predictor of low fat stores in children with CP,28

with Samson-Fang and Stevenson28 reporting that the triceps
skinfold is the single best screening tool for malnutrition in children
with CP.29 A more comprehensive assessment of nutritional status
and body composition, including anthropometry, bioelectric
impedance analysis, or direct measures of body composition such
as use of stable isotopes and whole-body dual x-ray absorptiom-
etry,29 would be preferable in future studies investigating links
between nutrition and body composition, OPD, and gross motor
function in children with CP.
Conclusions

We observed a significant association between reported capability
on food textures assessed on the PEDI and gross motor functional
abilities using the GMFCS in very young children with CP.
Capability on complex textures decreased as gross motor function
decreased, and this was consistent across age bands from 1 year 6
months to 3 years corrected age. Future studies investigating the
prevalence of OPD using objective assessment of feeding skills,
relationship with capability on food textures, and impact on
nutritional status in young children across the full range of gross
motor function abilities are required. These results highlight the
need for early screening of oral-motor and feeding skills in young
children with CP across all GMFCS levels, and particularly in
those with lower gross motor functional abilities (levels IVand V).
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