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ABSTRACT
Background
Children with severe cerebral palsy (CP) (i.e. non-speaking children with severely limited 
mobility) are restricted in many domains that are important to the acquisition of language. 
Aim 
To investigate comprehension of spoken language on sentence type level in non-speaking 
children with severe CP.
Methods & Procedures 
From an original sample of 87 non-speaking children with severe CP, 68 passed the pretest 
(i.e. they  matched at least five spoken words to the corresponding objects) of a specifically 
developed computer-based instrument for low motor language testing (C-BiLLT), admitting 
them to the actual C-BiLLT computer test. As a result, the  present study included 68 children 
with severe CP (35 boys, 33 girls; mean age 6;11 years, SD 3;0 years; age range 1;9 to 11;11 
years) who were investigated with the C-BiLLT for comprehension of different sentence 
types: phrases, simple active sentences (with one or two arguments) and compound 
sentences. The C-BiLLT provides norm data of typically developing (TD) children (1;6 to 6;6 
years). Binomial logistic regression analyses were used to compare the percentage correct 
of each sentence type in children with severe CP with that in TD children (subdivided into 
age groups) and to compare percentage correct within the CP subtypes.
Outcomes & Results
Sentence comprehension in non-speaking children with severe CP followed the 
developmental trajectory of TD children but at a much slower rate; nevertheless, they 
were still developing up to at least age 12 years. Delays in sentence type comprehension 
increased with sentence complexity and showed a large variability between individual 
children and between subtypes of CP. Comprehension of simple and syntactically more 
complex sentences were significantly better in children with dyskinetic CP than in children 
with spastic CP. Of the children with dyskinetic CP, 10-13% showed comprehension of simple 
and compound sentences within the percentage correct of TD children, as opposed to none 
of the children with spastic CP. 
Conclusion & implications
In non-speaking children with severe CP sentence comprehension is delayed rather than 
deviant. Results indicate the importance of following comprehension skills across all age 
groups, even beyond age 12 years. Moreover, the subtype of CP should be considered when 
establishing an educational program for sentence comprehension, and augmentative & 
alternative communication support. In addition, educational programs for children with 
severe CP should take into account the linguistic hierarchy of sentence comprehension 
when focusing on the input and understanding of spoken language comprehension. 
Keywords: language development; cerebral palsy; spoken language comprehension; 
sentence comprehension; non-speaking.
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WHAT THIS PAPER ADDS
What is already known on this subject?
Children with severe CP (i.e. non-speaking children with severely limited mobility) are 
restricted in many domains involved in the acquisition of language. Although studies on 
global measures of receptive grammar show that scores of children with severe CP are within 
the average range for their chronological age, many of these children still show extensive 
deficits in language comprehension.
What this paper adds:
This is the first in-depth study of sentence comprehension in non-speaking children with 
severe CP using a specifically developed instrument for assessment of comprehension of 
spoken language. For children with severe CP who have reached a basic linguistic level 
(matching at least five spoken words to the corresponding objects), sentence comprehension 
appears to develop up to at least age 12 years and tends to follow the developmental 
trajectory of typically developing (TD) children, albeit at a much slower rate. Sentence types 
with additional elements (e.g. spatial relations and function words embedded in simple 
sentences) and compound sentences not only showed more discrepancy compared with 
TD children, but also significant differences in performance between individual children 
and between the subtypes of CP. Of the children with dyskinetic CP who showed better 
comprehension of syntactically more complex sentences, 10-13% achieved scores within 
the average range of TD children. In contrast, all children with spastic CP showed poor 
comprehension of the more complex sentences.
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Cerebral palsy (CP) is a permanent non-progressive disorder of the development of 
movement and posture caused by damage to, or malformation of, the developing brain in 
early life.1 With a prevalence of approximately 2.0 in every 1000 live born children in Europe, 
CP is the most common cause of physical disability in children.2 Brain lesions in children 
with CP are characterised by their pathogenic events at different times during early brain 
development. The impact of these lesions on brain function can result in different functional 
outcomes in CP (such as type and severity of the physical disability) and in associated 
impairments (i.e. language and/or cognitive impairment).1,3 CP can be classified according 
to the type of underlying gross motor movement impairment, i.e., spastic, dyskinetic and 
ataxic.4 In addition, systems are available to classify the functional abilities of children with 
CP based on their self-initiated movement with an emphasis on walking, sitting, transfers 
and mobility (Gross Motor Classification System; GMFCS)5 and on how children use their 
hands to handle objects in daily activities (Manual Ability Classification System; MACS).6 
The more assistance or adaptation required, the higher the GMFCS and/or MACS level. 
CP is a complex disorder, showing a large variety in children’s expressive and receptive 
communication skills. Unique for CP is that motor impairments may explain motor speech 
problems (i.e. dysarthria or anarthria), but motor speech problems or absence of speech 
do not account for intellectual disabilities. On the other hand, a majority of children with 
CP exhibit associated impairments, such as intellectual disabilities that, apart from the 
motor speech problems, may affect language development and communication abilities. 
Although a definitive connection between speech motor involvement, cognitive/language 
involvement and gross motor involvement has not been established7 a relationship between 
GMFCS level and associated impairments, such as communication difficulties and cognitive 
impairment, has been demonstrated.2,8-11 Higher GMFCS levels (i.e. level IV or V) are 
associated with more restrictions in cognition and communication.11-13 To what extent the 
communication difficulties are the result of the motor speech problems on the one hand and 
the cognitive/language impairments on the other, remains unclear. As a consequence of the 
motor speech and/or cognitive impairments, children with severe CP are confronted with 
restrictions in daily communication, thereby challenging their language development.14,15

Theories of language development emphasise the interrelation between speech and 
language development, and language and cognitive development.16,17  
Although it is unknown how language interacts with cognition, a hallmark of modern 
cognitive science is the goal of developing a theory of cognition that is powerful enough to 
encompass all human mental abilities, including language abilities.18 Two major directions 
in psycholinguistic theories are the ‘innate’ theory, addressing language ability separately 
from cognition, and the cognitive/constructive theory considering language as a form 
of cognition. Current theories appear to be best captured by the idea that cognition and 
language have complex similarities and differences, and both develop over the human life 
span from genetic factors constrained by environmental input and cultural factors.18,19 
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Whereas for TD children the process of language acquisition evolves rapidly and seemingly 
‘easy’, for children with severe CP this process is difficult and less obvious.14 In children 
with severe CP, speech and language problems arise from deficits in speech-motor control, 
cognition, sensation/perception, or a combination of these. 
For instance, the first and later occurrence of vocal and conversational exchanges with 
parents or caregivers (including their feedback on the appropriateness of spoken words) is 
less often experienced in children with severe CP.20 Communication partners of TD children 
determine their level of language input based on the language produced by the child,20,21 
whereas for communication partners of non-speaking children with severe CP this level of 
language input cannot be based on the language production of their child. In this context, 
it is not surprising that high levels of parental directiveness and restricted conversation 
patterns with children with severe CP are observed.22,23 
Furthermore, children with severe CP are limited in exploring the world on their own.20,21,24 
Considering that children with severe CP are restricted in their independent access to the 
environment and to their experience with the physical elements of the world (such as 
books, toys, kitchen/cooking and writing materials, dress-up clothes, and playing on the 
ground), their experiential basis for conceptual and lexical development is poor.20,24,25 As 
a consequence, it becomes more difficult for these children to acquire new knowledge and 
concepts about the world around them.20,21 All these factors limit the possibility of interaction 
with the (social and educational) environment and may jeopardise the development of 
linguistic skills necessary to participate in more complex interactive communication. 
However, the fact that it may be difficult for children with severe CP to show understanding 
of language does not necessarily imply that they cannot develop comprehension of spoken 
words (receptive vocabulary) and, later, sentences (receptive grammar).20,26,27 For children 
with severe CP for whom expressive speech is not possible, comprehension of spoken 
language contributes to communicative exchanges and is essential for the development 
of the child’s language and communication abilities.14,20,28 Moreover, comprehension skills 
are fundamental to social and academic success 15 and offer a basis for acquiring meanings 
of graphic and other non-vocal symbols. Obviously, assessment of spoken language 
comprehension abilities in children with severe CP is important, also because this knowledge 
provides important information for the interaction with parents/caregivers, teachers, and 
other communication partners.20,27 Moreover, the level of spoken language comprehension 
can have important implications for the development of the child’s augmentative and 
alternative communication (AAC) system and/or an individual education program.20,27 
For instance, the use of AAC can enhance daily communication in non-speaking children 
and endorse the acquisition of meanings of spatial verbs, prepositions, particles and case 
markings they hear from their parents and/or caretakers.14 Studies on early receptive 
spoken language acquisition in non-speaking children with CP are scarce and the results 
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are conflicting. Some authors using common measures of receptive grammar report age-
adequate performance in severe CP,2,29 whereas others claim extensive delays and deficits 
in language comprehension.26,30 These inconsistencies may, at least in part, be explained by 
heterogeneity of the study sample (e.g. in motor type and/or severity of CP, or in age) or by 
methodological issues such as the tests used or the selection of outcome measures. 
It is difficult to assess children with severe CP reliably because of the motor requirements 
associated with cognition and language testing.31,32 Indeed the development of a reliable 
assessment tool for broader level of cognitive functioning in children with severe CP is 
preferred; however, it is reported that measures of language comprehension can provide a 
distinct estimation of skills that is less influenced by the motor impairment of the child with 
severely limited mobility than nonverbal cognition measures.10,33  
On the other hand, commonly used standard language tests for comprehension of spoken 
language often need adaptations for the assessment of (young) non-speaking children 
with severe CP.7,30,31 Permitted adjustments are  often minimal and difficult to establish 
in the administration of tests to children with severely limited mobility. In addition, non-
standardised adjustments of the administration of tests can limit the generalisability and 
validity of comparisons of groups to a standard.31 
To address these issues, in the present study, the specifically designed Computer-Based 
instrument for Low Motor Language Testing (C-BiLLT) was used. The C-BiLLT requires 
minimal, if any, motor action and is a psychometrically sound instrument for the assessment 
of spoken language comprehension in non-speaking children with severe CP (for details 
see Geytenbeek et al.).34 The present study focuses on non-speaking children with severe 
CP, defined as children with functional limitations classified as GMFCS levels IV and V. The 
present study is part of ongoing research on the development and implementation of the 
C-BiLLT, and the investigation of spoken language comprehension in non-speaking children 
with severe CP, in relation to the underlying motor type of CP (i.e., spastic or dyskinetic), 
MRI findings, and related disabilities. The aim of the present study is to conduct an in-depth 
linguistic analysis of spoken sentence comprehension pertaining to phrases and simple and 
compound active sentence types in non-speaking children with severe CP compared to 
children with typical development.  
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METHODS
Participants 
An original sample of 87 non-speaking children with severe CP was recruited from 
rehabilitation centres, special schools and special day-care centres for the physically 
handicapped throughout the Netherlands. The pre-test of the C-BiLLT is used to explore 
whether a child is able to communicate a choice between two concrete objects (or digital 
photographs of the objects) when provided with the spoken name of the objects. If the 
child is able to identify at least five out of eight objects or photographs correctly, the child 
proceeds to the computer test part of the C-BiLLT (see Appendix I for a detailed description 
of the C-BiLLT). Of the 87 children, 19 (22%) children (9 boys, 10 girls; mean age 6;1 years, 
SD 2;6 years; age range 1;11 to 11;1 years) did not pass the pretest of the C-BiLLT whereas 
68 did, admitting this latter group to the actual C-BiLLT computer test. As a result, the  
present study included 68 children with severe CP (35 boys, 33  girls; mean age 6;11 years, 
SD 3;0 years; age range 1;9 to 11;11 years). Table 6.1 presents the demographic and medical 
characteristics of these children. 
Inclusion criteria were: diagnosed with CP, GMFCS level IV or V, chronological 
age between 1;6 and 12;0 years, and anarthria (productive vocabulary < 5 words). 
Children with severe visual impairment (visual acuity < -3 of the better eye, diagnosed 
cerebral visual impairment or blindness) and/or hearing impairment (< 30 dB in 
the better ear), and children without Dutch-speaking parent(s) were excluded.  
The Medical Ethics Committee of the VU University Medical Centre Amsterdam approved 
the study. All parents provided written informed consent. 
Spoken sentence comprehension
The present study evaluates seven sentence types (categorised in broader categories of 
‘linguistic mapping’ and ‘active sentence types pertaining to complex syntactic analyses’). Of 
the total 75 C-BiLLT computer items, 60 were used in the present study as they pertained to 
the sentence types of interest. Moreover, the remaining 15 items pertain to other sentence 
types and, because the item count per type category was < 5 for these 15 remaining items, 
they were left out of consideration due to methodological issues. More specifically, we 
concluded that a statement about comprehension of a specific sentence type category in 
children with severe CP was only justified when this specific sentence type contained at least 
5 items or more.  
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 Table 6.1
  Characteristics of the children with severe cerebral palsy and statistical 
 differences in means or proportions between children with spastic and 
 dyskinetic CP.  

Variables n (%) Spastic (%) Dyskinetic  (%) p

# Children 68 31(46) 37(54)

Mean age (in years)/ SD 6;11/3;0 7;6/2;11 6;5/3;2 0.970
Age range (in years; months) 1;7- 12;0 2;2-12;0 1;7-12;0 0.158

Gender    0.611
   Male 35 (51) 17(55)   18(49)
   Female 33 (49) 14(45)  19(51)

GMFCS level    0.701
   IV 29 (43) 14(45) 15(41)
   V 39 (57) 17(55) 22(59)

MACS level    0.042*
   < 4 years 15 (22) 4  (13) 11(30)
   II 3   (4) 2   (6) 1  (3)
   III 13 (19) 10(32) 3  (8)
   IV 14 (21) 4  (13) 10(27)
   V 23 (34) 11(36) 12(32)
 
Gestational age     0.000***
   < 37 weeks 18 (26) 15(48) 3  (8)
   ≥ 37 weeks 50 (74)    16(52) 34(92)
   Range 24-42 24-42 26-42

Parental level of education    0.538
   Low 6   (9) 4  (13) 2   (5)
   Middle 11 (16)  4  (13) 7  (19)
   High 43 (63) 20(64) 23(62) 
   Missing 8 (12) 3  (10) 5  (14)

Epilepsy    0.045*
   Present 20 (29 13(42) 7  (19)
   Absent 47 (69) 18(58) 29(78)
   Missing 1   (2) - 1   (3)
 
CP, cerebral palsy; SD, standard deviation; GMFCS, gross motor function classification system; 
MACS, manual ability classification system
 * = p <0.05  ** = p <0.01  *** = p <0.001 
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The seven sentence types under study pertain to the following:
Linguistic mapping:

• ‘noun phrases’ (NP) that refer to animals, objects or persons: e.g. (in Dutch) “waar 
is de auto” [“where is the car?]”, “waar is de baby” [“where is the baby?”] (20 items).

• ‘verb phrases’ (VP) that refer to identification of infinitive verbs: e.g. ”wie is er aan 
het slapen?)  [“Who is sleeping?”] (10 items). 

Active sentence types pertaining to complex syntactic analyses:
• Identification of persons presented in “who” questions (WhQ) in combination with 

function of activity, (e.g. “wie maakt er muziek?” [Who is making music”?] (5 items).
• Spatial relations embedded in simple sentences (SR) (e.g. “de hond ligt in de mand“ 

“the dog lies in the basket]”(6 items).
• Identification of simple sentences referring to non-observable situations (SOOC) 

of four persons (mother, baby, son Joshua and daughter Kim) (e.g. “Joost en Kim 
gaan buitenspelen, wie blijft er bij mama?” [“Joshua and Kim are going to play 
outside, who stays with Mammy?”] (6 items).

• Identification of simple sentences with function words (SSF) (e.g., articles, 
prepositions, adjectives), quantifiers and comprehension of two or more concepts 
in one sentence referring to food products. (e.g. “Een kleine pot jam staat naast de 
rode pot jam” [“A little jar of jam is standing beside the red jar of jam”] (7 items).

• Identification of compound sentences (CS) referring to the lunch table. (e.g. “Eerst 
lag er een appel op tafel maar nu is er een banaan voor in de plaats gekomen” [“First 
an apple was lying on the table, but now there is a banana in its place”] (6 items).

An overview of all 60 items are available on request to the first author (see Appendix I for 
examples of visual presentation of the different sentence types). 
Procedure
The C-BiLLT computer test administration took place in a distraction-free room at the child’s 
rehabilitation centre, special school, special day-care centre, or at the outpatient clinic of 
the Department of Rehabilitation Medicine, VU University Medical Center (Amsterdam, 
the Netherlands). An experienced speech pathologist (JG) performed the C-BiLLT 
administrations in the children with severe CP. Although the speech pathologist was allowed 
to stimulate and encourage the child in any way possible, the actual question or sentence 
could only be repeated once. Each question or sentence was spoken with as near natural 
prosody as possible. The response of the children was scored correct or false: a response was 
noted correct if the child convincingly had activated an input switch and stopped pushing 
or touching it for more than 3 seconds, or the child had pointed to or touched the touch 
screen with his/her hand, foot, arm, or elbow, or had been (eye) gazing at the image for 
more than 2 seconds. The switches were used by 22 (32%) children either with their own 
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wheelchair head support (n=16) or with the switches touched by any body part (n=6). Direct 
selection was used by 40 (59%) children either by the touch screen function (n=26, 38%) or 
with eye-gazing (n=14, 21%). Six children (9%) used a combination of direct selection and 
switches. The test was stopped after eight successive incorrect responses or if the child was 
no longer co-operative or no longer made any visual contact with the (touch) screen or had 
been clearly inattentive. On average the C-BiLLT assessment took 15 to 60 min.  For each 
correctly answered item one point is scored with a maximum of 60 points. 
Different outcome scores were calculated: a) seven individual sum scores, i.e. a sum score per 
sentence type (NP, VP, WhQ, SR, SOOC, SSF and CS); b) a 60-item total sentence comprehension 
score, and c) percentage correct scores per sentence type (100 х [number of correct items 
pertaining to that specific sentence type/total items pertaining to that specific sentence type]).
Associated impairments, risk and social factors
Because the impact of brain lesions on brain function can result in different outcomes and 
associated impairments3, type of CP, gestational age (GA), and epilepsy were independent 
factors to be investigated. GA was categorised into preterm (GA < 37 weeks) and term born 
(GA ≥ 37 weeks). Type of CP was defined according to the guidelines of the SCPE .4 Epilepsy was 
defined as diagnosed epilepsy after the neonatal period of the child and reported accordingly 
in medical reports. Additionally, with respect to language development, studies have shown 
that girls develop faster than boys, and that children from families with a higher level of 
education generally develop faster than children from lower level of education.35,36 Therefore, 
differences between sentence comprehension in boys and girls, and the possible influence of 
parental level of education, were also investigated. Parental level of education was defined 
as low (practical education and lower), medium (theoretical education and upper secondary 
vocational education) and high (secondary non-vocational, higher education and university).
Statistical analyses
Descriptive statistics were used to describe the main characteristics of the children 
with severe CP. Per CP subgroup, Fisher’s exact tests were used to analyse differences in 
proportions of GMFCS and MACS level (the latter only for children aged > 4 years), GA, 
epilepsy, gender and parental levels of education. 
Sentence type comprehension in children with CP versus TD children
Spearman rank (rho) was used to investigate the correlation between chronological age and 
the 60-item total sentence comprehension score. 
A binomial logistic regression was performed to reveal trends in sentence type comprehension 
(corrected for overdispersion) between children with CP (reference group) and TD children. 
Sentence type percentage correct scores were dependent variables and covariates were 
group (CP or TD), chronological age and chronological age (squared), and interactions 
group˟chronological age and group˟chronological age (squared). Analyses were based on 
the assumption that every item within a certain sentence type has equal difficulty. 
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Sentence type comprehension within CP 
To increase power and to improve the sampling distribution of the children with severe 
CP, regression analyses were also carried out in broadened age groups (grouped per age 
‘bands’ of 3 years; Table 6.2). A binomial logistic regression was used to analyse differences 
in comprehension of the different sentence types between different age bands and subtype 
of CP. Each sentence type percentage correct was the dependent variable and age band, 
type of CP and the interaction age band ˟ type of CP were the covariates. Age band 4 (10-12 
years) and dyskinetic CP were used as the reference. Outcomes were denoted in odds ratios. 
Because CP is characterised by its variability in clinical outcomes between children, we also 
report on individual differences in sentence type comprehension in children with severe CP. 
We agreed that comprehension of a sentence type is considered to be ‘mastered’ if, in the 
TD group, within a certain chronological age group at least 85% of the items pertaining to a 
particular sentence type was answered correctly. 
In addition, to investigate whether children with different gross motor function and manual 
ability skills would perform differently on comprehension of spatial relations, a binary logistic 
regression analysis was performed. The outcome variable was dichotomised in  ‘mastered’ 
and ‘not mastered’. Predictors were level of GMFCS (IV [as reference] and V) and MACS 
(levels II/III combined [as reference] and levels IV/V combined), type of CP (with spastic CP as 
reference) and chronological age.
To determine which independent variables (type of CP, GMFCS and MACS (II/III and IV/V 
combined, gender, GA, parental education and epilepsy) predict the variability in total 
sentence comprehension score, a regression analysis (backward method) was conducted. 
Only variables that were significant in the univariate analyses or with p-values < 0.1 were 
used in the models. The models were made without interaction between GA˟ type of CP and 
epilepsy˟type of CP  because both variables were highly associated. Normal plots for residuals 
were made to check whether the residuals were approximately normally distributed. In all 
tests, the statistical significance level was taken as a p-value < 0.05. All statistical analyses 
were performed with SPSS-20 for IBM (SPSS Inc. Chicago, IL,USA).

RESULTS 
Main characteristics of the children with CP 
Table 6.1 presents the main characteristics of the children with CP. No significant difference 
in proportions were found for chronological age, gender, GMFCS or parental level of 
education. The distribution of MACS levels (n=53) shows a significant difference between 
children with spastic and dyskinetic CP (p=0.042), with higher MACS levels (IV and V) in 
children with dyskinetic CP. A significant association was found between MACS and GMFCS 
level (p< 0.001) with higher MACS levels (IV and V) in GMFCS V. The majority of the CP 
sample was born at term. A significant association was found between GA and type of CP (p< 
0.001), with more children born preterm in spastic CP than in dyskinetic CP (15/31 vs. 3/37). 
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 Table 6.2
  Age distribution of the total sample of children.  

   Children with CP  TD children

Age in yearsa n (age band)b  n n
1 2   45
2 5 (1 – 3) 15 129
3 8   137

4 6   191
5 4 (4 – 6) 23 202
6 13   91

7 4   11
8 5 (7 – 9) 14 -
9 5   -

10 8   -
11 8 (10 – 12) 16 -
12 0   -

Total 68   806

CP=cerebral palsy; TD=typical development;  a =chronological age; b =age band per 3 years

A significant association was found between epilepsy and type of CP (p=0.045), with more 
epilepsy in children with spastic CP than in children with dyskinetic CP (13/31 vs. 7/37).
Sentence type comprehension in children with CP versus TD children
Overall, the 60-item total sentence comprehension score in children with severe CP 
increased with age (rho=0.49, p<0.001) and tends to follow (albeit at a much slower rate) the 
developmental trajectory of TD children (rho=0.82, p< 0.001).
The binomial logistic regression analyses (Table 6.3) confirmed that chronological age 
modulated sentence type comprehension, both in TD children and in children with CP. TD 
children showed a steep increase in noun and verb phrases reaching ceiling levels of 100% 
correct at age 3 years. After a fixed percentage for the first 4 years, children with CP showed 
a gradual increase in comprehension of noun and verb phrases up to age 12 years, reaching 
percentages near the ceiling level. In children aged 1 year, the percentage correct was higher 
for children with CP (n=3) than for TD children. Comprehension of “who” questions lagged 
behind in children with CP compared with TD children. TD children showed a steady increase 
in percentage correct up to age 6 years, reaching 88%, whereas children with CP showed 
increasing percentages correct up to 73% at age 11 years (a percentage almost reached at 
age 4 years in TD children). With an increase in sentence complexity, children with CP fell 
behind TD children and showed a decline in percentage correct. This decline in percentage 
correct was also observed in TD children; however, at age 7 years, TD children reached higher 
percentages for these complex sentence types than children with CP aged 11 years.



129

6

 Table 6.3
 Binomial logistic regression of sentence types between children with severe 
 CP and TD children, expressed in percentage correct per sentence type. 

	 	 	 Difference	
 Children with CP TD children CP vs. TD

Sentence type agea P 95% CI P 95% CI p

NP 1 81 68- 90 70  65 - 75 0.011
 2 81 72- 87 94  92 – 96 <0.001
 3 81 77- 84 100 98 – 100 <0.001
 4 81 76- 85 100 98 - 100 <0.001
 5 82 77- 86 100 98 - 100 <0.001
 6 84 78- 88 100 98 - 100 <0.001
 7 85 80- 89 100 98 - 100 <0.001
 8 91 83- 91 -
 9 90 85- 93 -
 10 92 86- 95 -
 11 93 87- 97 -

VP 1 65 51- 77 53 49 -  75  0.041
 2 72   64- 79 88 85 -  90 <0.001
 3 78 73- 83 99 98 - 100 <0.001 
 4 83 78- 86 100 98 - 100 <0.001
 5 86 81- 89 100 98 – 100 <0.001
 6 88 83- 91 100 98 - 100 <0.001
 7 89 86- 92 100 98 - 100 <0.001
 8 90 87-93 -
 9 91 87- 93 -
 10 90 86- 93 -
 11 89 83- 94 -

WhQ 1 21 11- 38 21 18 -25 0.913
 2 29 19- 41  39 35 -42 0.115
 3 36 29- 45 58 55 -60 <0.001
 4 44 37- 51 72 70 -75 <0.001
 5 51 43- 59  82 80 -84 <0.001
 6 57 49- 65  88 86 -89 <0.001
 7 62 54- 69   91 90 -92 <0.001
 8 66 59- 73 -
 9 69 62- 76 -
 10 72 63- 79 -
 11 73 61- 83 -

a = chronological age in years; P = percentage correct; CP= cerebral palsy; TD= typical developing children 
CI= 95% confidence interval; NP= noun phrase; VP= verb phrase; WhQ = ‘who’ questions;
model:intercept + group + age + age (squared) + group ˟  age + group ˟  age (squared); n.a. = not applicable.
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 	 	 	 Difference	
 Children with CP TD children CP vs. TD

Sentence type agea P 95% CI P 95% CI p

SR 1 09 04- 19 12 10 - 15 0.506
 2 13 08- 19   23 21 - 26 0.050
 3 19 13- 26  37 35 - 40 <0.001
 4 26 20- 32  52 50 - 55 <0.001
 5 33 27- 40  65 63 - 67 <0.001
 6 40 33- 47 75 73 - 76 <0.001
 7 46 38- 53  81 79 - 82 <0.001
 8 51 44- 58 -
 9 55 49- 62 -
 10 59 51- 66 -
 11 61 49- 71 -

SOOC 1 04 00- 18  04 03 - 06  0.749
 2 05 01- 16  09 07 - 13 0.209
 3 08 04- 14  18 15 - 21 0.004
 4 12 08- 16  29 27 - 32 <0.001
 5 15 11- 20  43 39 - 45 <0.001
 6 20 15- 27  55 52 - 58 <0.001
 7 26 19- 33  66 63 - 68 <0.001
 8 31 25- 39 -
 9 37 30- 44 -
 10 42 35- 50 -
 11 48 37- 59 -

SSF 1 n.a n.a 03 02 - 04 n.a
 2 n.a n.a 08 06 - 09 n.a
 3 n.a n.a 15 13 - 17 n.a.
 4 08 05- 10  27 25 - 29 <0.001
 5 13 09- 18 39 37 - 41 <0.001
 6 20 15- 27  51 49 - 53 <0.001
 7 27 22- 35 61 59 - 63 <0.001
 8 34 27- 41 -
 9 39 32- 46 -
 10 41 34- 49 -
 11 42 32- 53 -

 Table 6.3 Continued
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 Table 6.3 Continued
 	 	 	 Difference	
 Children with CP TD children CP vs. TD

Sentence type agea P 95% CI P 95% CI p

CS 1 n.a n.a  03 02 - 04 n.a.
 2 n.a. n.a. 06 05 - 08 n.a.
 3 n.a. n.a. 11 09 - 13 n.a.
 4 08 04- 12 18 17 - 20 <0.001
 5 11 07- 15  27 26 - 29 <0.001
 6 15 11- 22  37 35 - 39 <0.001
 7 20 15- 28 45 43 - 48 <0.001
 8 26 20- 38 -
 9 32 26- 38 -
 10 37 30- 45 -
 11 42 31- 54 -

a = chronological age in years; P = percentage correct; CP= cerebral palsy; TD= typical developing 
children CI= 95% confidence interval; NP= noun phrase; VP= verb phrase; WhQ = ‘who’ questions; 
SR= spatial relations; SOOC= simple sentence out of context; SSF= simple sentence with function 
words; CS= compound sentence.
model:intercept + group + age + age (squared) + group ˟ age + group ˟ age (squared); n.a. = not 
applicable.

Sentence type comprehension within CP 
When comparing types of CP, a significant difference in comprehension of sentence types 
was found for all sentence types pertaining to complex syntactic analyses, with better 
outcomes for children with dyskinetic CP (Table 6.4 and Figure 6.1). Significant differences 
were found between age band 1 and age band 4 for all complex syntactic sentence types, 
and between all age bands for simple sentences out of context (SOOC), simple sentence 
with function words (SSF) and for compound sentences (CS). For verb phrases and “who” 
questions, age band 3 performed slightly better than age band 4 (difference not significant). 
As expected, sentence types SSF and CS were not applicable in children in age band 1. 
On an individual level, children with dyskinetic CP mastered the different sentence types at a 
younger age than children with spastic CP; also, some children with dyskinetic CP (13% and 
10%, respectively), observed from the age of 6;5 years, mastered the complex syntactic 
sentences in contrast to none of the children with spastic CP (Table 6.5).
As revealed by the binary logistic regression analysis, neither MACS nor GMFCS classification 
had an effect on mastering the spatial relations sentences; the only significant predictor was 
the type of CP. The odds of a child mastering the spatial relation sentence type and having 
dyskinetic CP was 8.8 times higher than for a child with spastic CP (p=0.003, OR=8.826, CI 
1.64-62.81).
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 Table 6.4
  Binomial logistic regression of percentage correct of sentence types 
 between age band and subtype of CP (n=68). 

Sentence type OR CI  p

NP
Age band 1 vs. 4 .297 .060- 1.475 0.137
Age band 2 vs. 4 .358 .081- 1.577 0.175
Age band 3 vs. 4 .648 .115- 3.664 0.624
Spastic vs. dyskinetic .475 .176- 1.282 0.142
VP
Age band 1 vs. 4 .403 .104- 1.555 0.187
Age band 2 vs. 4 .685 .189- 2.480 0.565
Age band 3 vs. 4  2.23 .345- 14.395 0.400
Spastic vs. dyskinetic .684 .260- .1.801 0.442
WhQ
Age band 1 vs. 4 .143 .044-   .470    0.001***
Age band 2 vs. 4 .444 .161- 1.221 0.116
Age band 3 vs. 4 1.16 .351- 3.811 0.811
Spastic vs. dyskinetic .410 .185-   .911 0.029*
SR
Age band 1 vs. 4 .060 .016- .2234 0.001*
Age band 2 vs. 4 .401 .159- 1.010 0.053
Age band 3 vs. 4 .656 .236- 1.826 0.420
Spastic vs. dyskinetic .379 .163- .879 0.024*
SOOC
Age band 1 vs. 4 .007 .000- .180 0.003**
Age band 2 vs. 4 .306 .118- .793 0.015*
Age band 3 vs. 4 .294 .099- .872 0.027*
Spastic vs. dyskinetic .212 .090- .501 0.001***
SSF
Age band 1 vs. 4 - - -
Age band 2 vs. 4 .333 .193- .575 0.001***
Age band 3 vs. 4 .470 .259- .853 0.013*
Spastic vs. dyskinetic .373 .232- .600 0.001***
CS
Age band 1 vs. 4 - - -
Age band 2 vs. 4 .253 .106-  .607 0.002**
Age band 3 vs. 4 .325 .124-  .850 0.022*
Spastic vs. dyskinetic .161 .071-  .367 0.001***

Age band 1=child aged 1-3 years; Age band 2=child aged 4-6 years; Age band 3=child aged 7-9 
years; Age band 4=child aged 10-12 years; OR=odds ratio of  % correct score; CP=cerebral palsy; 
CI=confidence interval; NP=noun phrase; VP=verb phrase; WhQ=‘who’ questions; SR=spatial 
relations; SOOC=simple sentence out of context; SSF=simple sentence with function words; 
CS=compound sentence
*p < 0.05 **p < 0.01 , ***p < 0.001
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Age band per 3 years 
Spas, spastic CP; Dysk, dyskinetic CP
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  Figure 6.1 A-G

  Observed percentage correct per sentence type in children with 
  severe CP (coloured lines) and TD children (dotted line)
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 Table 6.5
  Mean score and 85% correct score of individual children and CP groups 
 of different sentence type, related to the subtypes of CP (31 spastic 
 children, 37 dyskinetic children). 

Sentence (number      individuala	≥85%	 groupb	≥85%	
type of items) Type of CP mean (range) SD CI Age in years n (%)

NP (20)  Spastic 16.29 (5- 20 ) 5.29 14.35-18.23 3;2 21 (68)
  Dyskinetic 17.84 (6- 20) 3.79 16.51-19.16 1;7 28 (76)
VP (10) Spastic 8.39 (0- 10) 2.64 7.42-9.35 3;2 20 (65)
  Dyskinetic 8.65 (4- 10) 2.10 7.95-  9.20 3;2 25 (68)
WhQ (5) Spastic 2.42 (0-  5) 1.73 1.79-3.05 6;3 3 (10)
  Dyskinetic 3.08 (0-  5) 1.96 2.43- 3.74 2;5 11 (32)
SR (6) Spastic 1.74 (0-  6) 1.86 1.06- 2.42 10;4 2 (6)
  Dyskinetic 2.95 (0-  6) 2.32 2.17- 3.72 4;4 14 (38) 
SOOC (6) Spastic 0.87 (0-  5) 1.43 0.35- 1.40 11;0 1 (3)
  Dyskinetic 1.97 (0-  6) 2.33 1.20- 2.75 6;5 8 (22)
SSF (7) Spastic 1.23 (0-  5) 1.86 0.54- 1.91 not achieved 0   (0) 
  Dyskinetic 1.95 (0-  7) 2.35 1.16- 2.73 6;5 5 (13)
CS (6) Spastic 0.58 (0-  4) 1.15 0.16- 1.00 not achieved 0  (0)
  Dyskinetic 1.73 (0-  6) 2.05 1.05- 2.41 6;5 4 (10)

range=range in score; SD=standard deviation; CI=confidence interval; ind.=individual; a youngest child 
observed achieving a score of 85% correct; b number of children within CP group achieving a score of 
85% correct; NP=noun phrase; VP=verb phrase; WhQ=‘who’ questions; SR=spatial relations; SOOC=
simple sentence out of context; SSF=simple sentence with function words; CS=compound sentence.

 Table 6.6
  Multiple regression model of total sentence comprehension score of children 
 with CP (n=68).

	 B	 SE	B	 β

Chronological age (years) 0.199 0.039 0.52*** 
Spastic CP vs. dyskinetic CP     9.476 2.809 0.34***
GMFCS IV vs. V -8.496 2.803 - 0.30** 

Dependent variable: total sentence comprehension score
 R2 = 0.37, adjusted  R2 = 0.34
**p < 0.01, ***p < 0.001
CP=cerebral palsy; GMFCS=Gross motor function classification system; vs.=versus
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No significant differences in total sentence comprehension score were found between 
boys and girls (p=0.257), MACS levels (p = 0.797), epilepsy (p=0.882) and parental education 
(p=0.775). In both subgroups of CP, parental level of education was most dominantly 
represented by the highest level of education ( > 60%).
The regression analysis revealed that the chronological age of the child, type of CP and level 
of GMFCS explained 37% of the variance in total sentence comprehension score (Table 6.6). 

DISCUSSION
This study investigated comprehension of spoken language on a sentence level in non-
speaking children with severe CP using a specifically designed instrument that meets test 
requirements for non-speaking children with severely limited mobility (GMFCS IV/V). The 
performance of children with CP was compared with that in TD children. 
Sentence type comprehension in children with CP vs. TD children
As expected, sentence comprehension scores were significantly poorer in children with 
severe CP than in TD children. On the other hand, results confirm the idea that the fact that 
a child with severe CP who cannot speak, does not necessarily imply that he/she is not able 
to develop comprehension of spoken sentences (receptive grammar). Moreover, sentence 
type comprehension in children with severe CP seems to follow the same trajectory as in TD 
children, but at a much slower rate. On the other hand, in our study sample, some children 
with dyskinetic CP followed the developmental trajectory at the same pace as TD children.                                                                                                    
Sentence type comprehension within CP 
In severe CP, comprehension of simple syntax (noun/verb phrases) showed a similar 
development between types of CP, whereas complex syntactic analyses was generally better 
in children with dyskinetic CP than in children with spastic CP. Vasilyeva et al.37 stated that 
“the acquisition of obligatory aspects of simple syntax may rely on common mechanisms that 
are available to all children. The acquisition of complex syntax however, might reflect individual 
differences in a child’s ability to extract complex structures from input”. In view of the role of 
the environment and of parents/caregivers, basic aspects of simple syntax appear regularly 
in everyday speech while the acquisition of complex syntax most likely reflects the variability 
in linguistic environments that is available to the child. Therefore, the use of these structures 
and the amount/nature of the input may be critically related to the spoken language 
comprehension and cognitive abilities of an individual child. Interestingly, we found that 
the acquisition of complex syntax was also critically related to the type of CP, with higher 
comprehension scores for children with dyskinetic CP. This difference in complex sentence 
comprehension between the subtype of CP may partly be explained by the fact that, in children 
with severe CP, the spastic CP type appears to be associated with the severity of cognitive 
deficits while in children with dyskinetic this relation isless well established.3,9  Indeed it is 
thought that language input can influence cognitive development.16 For instance, when a 
child is able to comprehend what is being labelled, then making similarities, comparisons 
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and conceptual relations (necessary to understand complex syntactical sentences) are more 
easily facilitated. It is also thought that cognition and language interact in a cyclic manner as 
children develop16,18; from this viewpoint, one can expect a more favourable development in 
language comprehension in children without (severe) cognitive deficits. 
Similarly, children with spastic CP had more difficulty in understanding spatial relations 
than children with dyskinetic CP. Strategies for organising space seem well established in 
TD children aged 15-18 months.16 When exploring the environment, TD children start their 
initial conceptual knowledge about spatial relations. This provides a starting point to learn 
about the meanings of spatial verbs, prepositions and particles that they hear from their 
caregivers when exploring their environment. Although physical restrictions for exploring 
the environment and organising space were similar in children with spastic and dyskinetic 
CP, children with dyskinetic CP showed more understanding of spatial relations, suggesting 
a possible influence of cognitive skills. It is noteworthy, however, that understanding of 
spatial relations increased with increasing age in children with spastic and with dyskinetic 
CP, but most favourably in children with dyskinetic CP. Nevertheless, it seems that, despite 
severe motor impairments and cognitive deficits, some children with severe CP are able to 
detect conceptual representations of objects and relations.    
Furthermore, of note is that GA was associated with the type of CP. The association between 
type of CP and GA may be attributed to the fact that, in preterm born children, white 
matter injury (periventricular leukomalacia; PVL) is the most common cause of CP leading 
to spastic CP, while in term born children, lesions of the basal ganglia and thalamus (grey 
matter injury) most often occur, leading to dyskinetic CP.38 As already mentioned, children 
with dyskinetic CP often have severe motor problems but less prominent cognitive deficits.3 
On the other hand, severe PVL with bilateral extensive white matter loss leads to severe 
spastic CP and is related to severe cognitive impairment.39 The periventricular white matter 
contains major intrahemispheric connections between frontal and temporal language 
regions.40 This functional connectivity and maturation is necessary to fully establish a 
sophisticated language system, integrating lexical and syntactic competence.41 The brain 
lesions associated with PVL may, therefore, disrupt the integrity of this important language 
network and disturb further development of functional connectivity and maturation of 
intrahemisperic fibre bundles.42 Brain lesions associated with central grey matter injury (i.e. 
basal ganglia) are originally more confined to motor planning and control. Recently, Barbas 
et al.43 reported a strong association of the basal ganglia with prefrontal as well as motor 
and premotor cortices, suggesting that control of movements (e.g. speech articulation) is 
more related to grey matter injury. This might explain why high rates of speech impairment 
are particularly associated with children with dyskinetic CP8, while verbal cognition may be 
relatively spared.  
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Indeed, a significant difference between the type of CP was found for all sentence types 
pertaining to complex syntactical analyses, with better performances in children with 
dyskinetic CP. This finding suggests that children with spastic CP experience more difficulty 
in integrating lexical, syntactical, morphological and prosodic cues necessary to understand 
more complex sentences. 
Recent brain imaging studies identified more than 50 brain areas involved in various aspects 
of language and cognitive mechanisms.44-46 The proposed relation between language and 
cognition may be most relevant for the results emerging from the present study, suggesting 
a relation between the pathogenic event at different trimesters of gestation, the location 
and severity of lesions (causing different types of CP), and functional outcome in language 
comprehension on a sentence level. Sentence comprehension is a complex function that 
engages many components of the language network and other brain regions that support 
language, such as working memory and cognitive control systems.47,48 Studies examining 
the neurological basis for language comprehension indicate the involvement of an extensive 
network of cortical regions and white matter pathways,49 which are likely to be more 
affected in children with spastic CP than in children with dyskinetic CP. Our group is currently 
examining MRI scans to more thoroughly investigate these relations in children with severe CP. 
Associated impairments and social factors 
The results of the regression analysis show that neither gender, nor the presence of epilepsy, 
nor manual (dis)ability contributed to the variability in sentence comprehension in children 
with severe CP. The contradiction between the finding that the GMFCS level contributed to 
the variability in total sentence comprehension, but not to the comprehension of spatial 
relations,  might be explained by the finding that only children with dyskinetic CP mastered 
spatial relations, thereby overruling the influence of the severity of the motor impairment.  
Furthermore, parental level of education did not appear to be of particular importance. 
Previous findings on complex sentence comprehension suggest that simple and more 
complex syntactic skills are related in different ways to educational environments.37 It seems 
that despite restrictions in production of speech or variability in language input (e.g. limited 
spoken language input or adult addressed language), non-speaking children with severe 
CP can learn and recognise a substantial amount of spoken vocabulary.2,20,26 On the other 
hand, the present study demonstrates that this development is severely delayed and shows 
significant differences between subtypes of CP and between individual children with severe CP. 
The most convincing results are that the acquisition of sentence comprehension continued to 
develop up to at least age 12 years and that children with dyskinetic CP (as a group) performed 
considerably better than children with spastic CP. This finding is important and is in line with a 
growing body of literature on cognitive functioning in children with different types of CP.
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Limitations of the present study 
The following study limitations should be taken into account. First, although the TD sample 
for normed data was relatively extensive, ceiling effects may have occurred. We included TD 
children up to age 7 years and, as expected, found 100% correct scores for noun and verb 
phrases from age 3 years. Suboptimal scores were found in TD children for the more complex 
sentences. Because, group wise, no 100% correct scores were found in the CP sample, it is 
unlikely that ceiling effects obscured the findings in the CP sample. However, individually, 
both TD as well as (dyskinetic) children with CP did reach 100% correct scores for the more 
complex sentences. This emphasises the importance of broadening the age range in the TD 
sample (as is done in our ongoing research). Second, because our group of children with 
CP was relatively small and with an uneven age distribution, the present results cannot be 
generalised and should be interpreted with caution. Third, in the present study, only the 
level of parental education was taken into account, and the quality and diversity of parental 
spoken language input was not investigated. Finally, levels of education were missing for 
12% of the parents and relatively few parents had a low level of education. A more in-depth 
study of parental multimodal language input is clearly required to investigate whether 
language input and parental education have an effect on spoken sentence comprehension 
in children with severe CP.

CONCLUSIONS
The findings of the present study indicate that, as expected, sentence comprehension in 
children with severe CP is significantly poorer compared with TD children. Nevertheless, our 
data show that for those children with severe CP who passed the pretest, the development of 
language comprehension continues up to at least age 12 years. Especially the comprehension 
of syntactically more complex sentences is delayed in children with severe CP. When 
comparing sentence comprehension within CP, a significant difference in performance was 
observed between individual children and between children with spastic and dyskinetic 
CP. The differences between individual children, but in particular between types of CP, 
demonstrate that it is essential to follow both a child’s individual language performance 
across all age bounds (even beyond age 12 years) as well as to consider which type of CP 
the child has. Moreover, educational programs for children with severe CP should consider 
the linguistic hierarchy of sentence comprehension when focusing on the development and 
understanding of spoken language comprehension.
Early detection of comprehension skills and adequate support for parents and/or caregivers of 
the child with severe CP can have important implications regarding how to address the child 
and augment the language comprehension performance of the child. Moreover, with early and 
adequate knowledge of a child’s comprehension abilities, appropriate design of augmentative 
and alternative communication support can be established, demonstrating positive gains in 
communication skills such as turn taking, requesting and commenting, as well as increased 
development of receptive vocabulary, morphology and phonological awareness. 
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Future research
The aim for further research is to extend the number of items pertaining to other sentence 
types (such as reversible sentences, ‘which’ questions, passive sentences, and sentences 
referring to colours and numerals) in order to evaluate these sentence types in non-speaking 
children with severe CP.
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