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SUMMARY - The aim was to study functional abilities and to create functional classification of
children with cerebral palsy (CP) in Krapina-Zagorje County, based on the classification of gross and
fine motor skills and associated impairments. Classification was performed according to the SCPE
(Surveillance of Cerebral Palsy in Europe) criteria. We used standardized and complementary func-
tional classification systems for cerebral palsy to create a functional profile. Research included 44
children with CP in the age range of 4 to 18 years. The results showed that the majority of children
had bilateral spastic CP (63.6%), followed by unilateral spastic (22.7%) while the representation of
dyskinetic CP was 9.09% and ataxic CP 4.55%. Based on the classification of gross and fine motor
skills, 43.2% of children had the ability to walk, 11% of children could walk with assistive mobility
devices, while 45.4% of children had a low functional level. The study also analyzed the associated
impairments where higher classification score of motor impairment correlated with the severity of
impairment. The results showed that children with dyskinetic CP and severe motor impairment could
have mild cognitive impairment. We systematically present the neuropsychological and functional

profile according to the CP type.
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Introduction

Cerebral palsy (CP) represents a clinical diagnosis
based on perinatal history data, clinical features, pa-
tient medical history and course of the disease, and is
defined as a neuromotor disorder of posture and move-
ment, muscle tone and reflexes from infant age'”
Along with motor impairments, children with CP
have other associated neurodevelopmental impair-
ments such as vision and hearing impairments, epi-
lepsy, intellectual impairments, motor speech disorder,
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and communication limitations**. The European proj-
ect entitled Surveillance of Cerebral Palsy in Europe
(SCPE) recognizes a simplified classification of CP
based on neurological symptoms (spastic, dyskinetic,
and ataxic types)'. According to data of the Croatian
SCPE register, Center 28 (C28 RCP-HR Register of
Cerebral Palsy of Croatia), the mean CP prevalence of
2.19% was recorded*. The project, through the shared
database, also registers associated impairments and in-
troduces functional classification of CP. Therefore,
through our research, general and specific goals were
formed whilst being guided by SCPE recommenda-
tions. The goal was to form functional profile of chil-
dren with CP in Krapina-Zagorje County analyzing
all types of CP. Likewise, one of the specific goals of

the study was comparison of motor and cognitive
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functions between children with spastic CP and those
with dyskinetic type. Regarding motor functioning,
the SCPE recommends a classification system for
gross motor skills (Gross Motor Function Classifica-
tion System, GMFCS) and fine motor skills (Biman-
ual Fine Motor Function, BEMF)’. Research has
shown GMFCS to be a good predictor of mobility
skills®. On collecting information on and evaluation of
associated impairments in children with CP, four dif-
terent types of impairments are recommended to con-
sider: intellectual impairments, visual and hearing im-
pairments, and epilepsy”. Taking into account different
causes and locations of brain damage, it is expected
that children with CP will develop a wide spectrum of
cognitive impairments. As part of the SCPE network
project (SCPE-NET), a task force was formed to
monitor intellectual disability in order to create a Eu-
ropean database®. It seems that there is a lack of knowl-
edge about the effects of CP on motor, intellectual, and
neurophysiological functions in children’. Sensorimo-
tor and perceptive problems in individuals with CP
can cause limitations in communication functions and
motor speech. Therefore, classification systems have
been developed for communication functions (Com-
munication Function Classification System, CFCS)
and speech abilities (Viking Speech Scale, VSS). The
use of compatible classification systems contributes to
better understanding of the functioning and activities
of individuals with CP in their everyday lives, in ac-
cordance with the International Classification of

Functioning, Disability and Health (ICF)™.

Subjects and Methods
'The research included children with CP, classified

according to SCPE recommendations, at all levels of
motor functioning according to the GMFCS system,
age range 4-18 years. The research was conducted in
the Krapina-Zagorje County, Croatia. The children
were monitored within the National C28 RCP-HR
Register of Cerebral Palsy in Croatia and data were
collected through the regional County register. In to-
tal, 44 children with CP were included and evaluated,
through medical examination and available medical
documentation, by a physician, physical and rehabili-
tation medicine specialist, acting as the County Regis-
ter coordinator. General information was collected on
each participant (name, date of birth, sex), course of
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pregnancy and birth data, and specific information on
CP classification (CP type and subtype) and associat-
ed impairments. The following variables were defined
as instruments for evaluation and classification: clas-
sification of CP type, classification of gross and fine
motor function, and classification of associated im-
pairments (visual, hearing, speech, communication,
intellectual disorders, and epilepsy). Classification of
all variables was done according to the SCPE criteria“.
Cerebral palsy was classified into three types: spastic
(with bilateral and unilateral subtypes), dyskinetic
(with dystonic and choreoathetotic subtype), and atax-
ic CP.The GMFCS system was used for classification
of gross motor function, and BFMF system for classi-
fication of fine motor skills'. Both systems are corre-
lated and classify motor skills through five levels (I-
V)23, Visual impairment according to SCPE recom-
mendations was classified in three categories: none,
mild, and severe (blindness or no useful vision, after
correction, on the better eye, the level of visual impair-
ment is >6/60/Snellen scale) or <0.1 (decimal scale) on
both eyes). Hearing impairment was categorized in
three levels: none, mild, and severe (severe or profound
hearing loss, before correction, on the better ear, the
level of hearing loss is >70 db on both ears). Intellec-
tual impairment was classified in three intelligence
quotient (IQ) categories according to the SCP: 1Q_
285, normal intellect, normal schooling; 1Q_50-84,
mild to moderate intellectual impairment (reading,
writing, calculating, but modified school curriculum);
and 1Q_<50, severe intellectual impairment (without
ability to read, write or calculate). Speech production
was evaluated through the VSS across 4 levels. The
scale was validated through research in the project of
the European register for CP (SCPE-NET) and was
assessed as a reliable tool to describe speech capabili-
ties; it can be used in clinical monitoring and collect-
ing information through the CP register'. VSS is best
suited for the purpose of epidemiological monitor-
ing®®. Communication skills were evaluated through
the CFCS scale at 5 levels. The scale showed good reli-
ability in estimating everyday communication perfor-
mance and was developed to form functional profile of
people with CP*. When assessing the CFCS level, all
forms of communication are taken into consideration
including speech, gestures, behavior, facial expressions,
and augmentative and alternative communication

(AAC)*, The scale is used in research, as well as in
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regular clinical setting, and complements the use of
VSS718, Epilepsy was defined as two or more unpro-
voked seizures, excluding febrile or neonatal seizures.
For each participant, a database was formed based on
the CP type, GMFCS and BFMF classification, and
associated impairment classification. The research was
approved by the Ethics Committee of the Osijek Fac-

Table 1. Cerebral palsy types and subtypes according to
SCPE classification

CP type Subtype n (%)

Spastic Bilateral 28 (63.6)
Unilateral 10 (22.7)

Dyskinetic Dystonic 4(9.09)
Choreoathetotic 0

Ataxic 2 (4.55)

Total 44 (100)

CP = cerebral palsy; SCPE = Surveillance of Cerebral
Palsy in Europe; n = number of patients

ulty of Medicine and Krapinske Toplice Special Hos-
pital for Medical Rehabilitation.

Data were analyzed using the MS Excel, 2010 with
Data Analysis Toolkit Package. Descriptive statistics
were calculated for participant characteristics. The t-
test was used to determine statistical significance of
differences between the groups.

Results

A total of 44 children (25 boys and 19 girls), age
range 4-18 years, participated in the research. Analysis
of CP type classification showed spastic CP type in 38
(86.3%) patients, including bilateral spastic CP in 28
(63.6%) and unilateral spastic CP in ten (22.7%) pa-
tients. Dyskinetic CP type was recorded in four
(9.09%) and ataxic CP type in two (4.55%) patients
(Table 1). None of the study children had choreoath-
etotic CP subtype.

Table 2 shows results of the gross and fine motor
function classification. At the GMFCS levels I-II,

Table 2. Functional classification of motor impairment: Gross Motor Function Classification System and Bimanual

Fine Motor Function
GMFCS level I II II1 1A% \Y% Total
n (%) 8(18.2) 11(25) 5(11.4) 11 (25) 9(20.4) 44 (100)
BEFMEF level I 11 111 I\% \Y% Total
n (%) 7 (15.9) 17 (38.6) 5(11.4) 10 (22.7) 5(11.4) 44 (100)

GMFCS = Gross Motor Function Classification System; BFMF = Bimanual Fine Motor Function; n = number of patients

Table 3. Classification of associated impairments: visual and hearing impairments, speech, communication, intellectual

impairment and epilepsy

Normal Mild Severe Total
n (%) n (%) n (%)
Vision 20 (45.5) |18 (40.9) 4(9.09) 42 + 2 NA
Hearing 37 (84.1) 1(2.27) 0 38+ 6 NA
Viking I Viking II Viking IIT Viking IV Total
Speech 23 (52.3) 5(11.4) 7 (15.9) 9 (20.4) 44
CFCS1 CFCS1I CFCS 111 CFCS 1V CFCSV Total
Communication 26 (59.1) 1(2.27) 4(9.1) 3(6.8) 10 (22.7) 44
Normal Mild to moderate | Severe Total
Intellectual
impairment 21(47.7) |12 (27.3) 10 (22.7) 43+1NA
No Yes Total
Epilepsy 31 (70.5) 13 (29.5) 44

CFCS = Communication Function Classification System; Viking = Viking Speech Scale; NA = not available; n = number of patients
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Tuble 4. Functional classification of motor impairment (GMFCS and BFMF) and intellectual impairment

in the group with spastic cerebral palsy

GMFCS level I I III v \% Total

n (%) 8(21.1) 10 (26.3) 3(7.9) 10 (26.3) |7(18.4) 38

BFMF I I 111 v \% Total

n (%) 6 (15.8) 16 (42.1) 3(7.9) 9 (23.7) 4 (10.5) 38
Intellectual impairment Normal Mild/moderate Severe Total

n (%) 19 (50) 9(23.7) 9 (23.7) 37+1NA

GMFCS = Gross Motor Function Classification System; BFMF = Bimanual Fine Motor Function; NA = not available; n = number of

patients

Tuble 5. Functional classification of motor impairment (GMFCS and BFMF) and intellectual impairment

in the group with dyskinetic cerebral palsy

GMFCS level 1 11 111 v \% Total
n 1 1 2 4
BFMF 1 11 111 v \%

n 2 1 1 4
Intellectual impairment Normal Mild/moderate Severe

n 2 1 1 4

GMFCS = Gross Motor Function Classification System; BFMF = Bimanual Fine Motor Function; n = number of patients

which assume the ability to walk, were 43.2% of par-
ticipants, with the help of assistive mobility devices;
11.4% of children were mobile (GMFEFCS level III),
whereas 45.4% of children had a low functional level,
being transported in a wheelchair (GMFCS IV-V).
Functional assessment of fine motor skills showed
similar results. Of the total number of participants,
54.5% were classified as level I-1I, 11.4% as level 111,
and 34.1% as level IV-V. Classification and assessment
according to the levels of associated impairments are
shown in Table 3. Normal vision was found in 45.5%,
mild vision impairment in 40.9% and severe vision im-
pairment in 9.09% of children. Thirty-seven (84.1%)
patients had no hearing impairment, while one patient
had mild hearing impairment. Severe hearing impair-
ment was not recorded. On speech assessment on the
VSS, 23 children were classified as level I, five as level
11, seven as level 111, and nine level IV (no understand-
able speech). Classification of everyday communica-
tion was analyzed by CFCS scale through 5 levels: 26
(59.1%) children had effective communication (CFCS
1), one child was classified as CFCS level II, four chil-
dren were on the CFCS level III, whilst 13 children

were inconsistent sender and/or receiver or seldom ef-
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fective sender and receiver with familiar partners (lev-
els IV and V). Cognitive development was normal in
21 (47.4%) children, 12 (27.3%) children had mild to
moderate delay, while ten (22.7%) children were diag-
nosed with severe intellectual impairment. Epilepsy
was recorded in 29.5% of patients.

In order to further analyze motor and cognitive
functions in children with spastic and dyskinetic CP,
two participant groups were formed for these CP
types. Tables 4 and 5 show their results. There were 38
children in the spastic type group (Table 4) and four
children in the dyskinetic type group (Table 5). Chil-
dren in the dyskinetic CP group, classified on GMF-
CS classification at the levels I1I-V, had a lower level
of motor function. In the spastic CP group, functional
classification of motor impairment included all levels
(GMFCS I-V). Moderate motor impairment, GMF-
CS 111, was recorded in 1/4 children with dyskinetic
CP and 3/38 children with spastic CP. Severe motor
impairment, GMFCS levels IV-V, was recorded in 3/4
children with dyskinetic CP and 17/38 children with
spastic CP. Severe cognitive impairment was found in
1/4 children with dyskinetic CP and 9/38 children
with spastic CP. Comparison of gross and fine motor
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Fig. 1. Comparison of GMFCS classification level
between the groups with spastic and dyskinetic
cerebral palsy.
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Fig. 2. Comparison of BEMEF classification level between
the groups with spastic and dyskinetic cerebral palsy.

function classification (GMFCS and BFMF) between
spastic and dyskinetic CP is illustrated in Figures 1
and 2.

Considering that children in the group with dyski-
netic CP had more severe motor impairment (GMF-
CS III-V) compared to the group with spastic CP
(GMFCS 1I-V), the results of children classified at
higher levels of motor functioning, GMFCS III-V
and BFMF II-V (four children with dyskinetic CP
and 19 children with spastic CP) were taken in order
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Fig. 3. Comparison of intellectual impairments between
children with spastic and dyskinetic cerebral palsy (CP):
I — normal, Il — mild/moderate, III — severe.

to analyze the relationship of cognitive and motor im-
pairment between these two groups. Figure 3 shows
the range of their intellectual impairments.

Discussion

Our study included 44 children with CP. We used
reliable, compatible classification systems for evalua-
tion of motor, cognitive, communication and speech
functioning. The most common type of CP in our
study was bilateral spastic CP, followed by unilateral
spastic CP, which is in accordance with data in the
Croatian CP register®. The prevalence of dyskinetic
and ataxic CP in our research was similar to the result
distribution reported in the European register data-
base research!. The GMFCS classification system, as
an indicator, shows the severity of CPY. In our study,
almost half of the participants had severe CP with
GMFCS levels IV-V, and needed a wheelchair for mo-
bility. Similar results have been reported by Glinac es
al*. Children with this type of CP manifestation have
a low level of motor functioning as they have disorder
of posture and movement control, as well as head and
body control. Thus, their ability to move independent-
ly is severely limited, even with walking mobility de-
vices. Results of the study conducted by Palisano ez a/.
showed the between-level differences to be significant
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for everyday functioning?. The GMFCS provides a
view of functional abilities and capabilities during
childhood in the population of CP children. It is also a
good predictor of mobility skills, and helps clinicians
in making decisions and setting goals. The system is
compatible with the BEMF and a high correlation be-
tween the two has also been proven, indicating that the
severity of gross and fine motor functions is related®.
The difference in classification between these two sys-
tems rarely goes over one level, which is in accordance
with our study. The participants classified with higher
levels of gross motor function (GMFCS IV and V)
were also classified at higher levels on the BFMF scale.

Along with motor disorders, the study also ana-
lyzed associated impairments. Higher levels of GMF-
CS (V and IV) correlated with the presence of more
associated impairments, which additionally influence
motor development of a child. Intellectual impairment
was present in 50% of children, of which 22.7% had
severe impairments. The results are in accordance with
the systematic review of data presented by Novak ez
al?. Children with neurodevelopmental disorders
have an increased prevalence of visual impairment®. In
older CP children, visual impairments also affect their
quality of life*. In our study, 9.09% of children had
severe visual impairment. Mild hearing impairment
was recorded in 40.9% of children, while severe im-
pairment was not recorded. In a study from 2018, the
authors report the severity of hearing impairment to
correlate with the level of motor and neurological im-
pairment®. Analysis of speech production showed that
speech was not affected by motor impairments in more
than half of the participants, whereas 21/44 children
had some level of speech impairment on the VSS (II-
IV). The profile of communication functions in chil-
dren with CP could be estimated by the CFCS, which
correlates with GMFCS and BFMF and cognitive
functions?. In our study population, complete effec-
tiveness in communication was present in 59.1% of
children, whereas 29.5% of children were classified as
inconsistent sender and/or receiver, or seldom as effec-
tive sender and receiver of information (CFCS levels
IV-V). The usage of both CFCS and GMFCS con-
tributes to the overall aspect of functionality in every-
day activities in individuals with CP.

A specific goal of our study was to analyze motor
and intellectual impairments in children with spastic

CP type compared to children with dyskinetic CP
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type. The results showed that patients with dyskinetic
type of CP could have mild intellectual impairment
despite severe motor impairment (GMFCS/BFMF
23). The level of classification of gross and fine motor
function is a good predictor of motor impairment and
need not implicitly predict intellectual impairment.
'The results of our study showed that severe motor im-
pairment in dyskinetic CP did not necessarily impli-
cate severe intellectual impairment. The results of cog-
nitive assessment in children with CP are sometimes a
reflection of motor limitations, which is in accordance
with a study reporting that cognitive skills can be
masked by the severity of motor impairments and lack
of movement control, which is especially the case in
children with dyskinetic CP who cannot fully follow
certain tests due to discrepancies in motor and verbal
capabilities®. The analysis of functioning in our re-
search encompassed participants at all motor skill clas-
sification levels, which could be an advantage when it
comes to interpreting and making a conclusion. Over-
all, the results of our study are consistent with data
reported from the European Register of CP". Classi-
fication systems used in this research are valid and
compatible. The unique database was formed and
functional profile of every individual with CP in our
County was created. The results will help in clinical
practice, identifying goals and evaluating intervention
procedures. Neuropsychological profiles and charac-
teristics of associated impairments in CP children
from the Krapina-Zagorje County are systematically
presented according to the type of CP, as well as their
functional skills and functioning levels, which had not
been done before. A limitation of the study was the
small sample size, however, it was predetermined by
the number of children with CP in the County. Fol-
lowing this research, the plan is to extend the database
and functional profile with the Gross Motor Function
Measure, which will complete our understanding the

functioning of a child with CP.
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Sazetak

FUNKCIONALNA KLASIFIKACIJA DJECE S CEREBRALNOM PARALIZOM
U KRAPINSKO-ZAGORSKOJ ZUPANIJI

S. Martinec, G. Cesarec, A. M. Tomecak Krilié, T Radosevic, Z. Bakran i V. Mejaski Bosnjak

Cilj je bio istraziti funkcionalnu klasifikaciju djece s cerebralnom paralizom (CP) u Krapinsko-zagorskoj Zupaniji na
osnovi klasifikacije grubih i finih motorickih funkcija te pridruzenih odstupanja. Klasifikacija je provedena sukladno prepo-
rukama europskog projekta pod naslovom Surveillance of Cerebral Palsy in Eurgpe. Primijenjeni su standardizirani i medusob-
no kompatibilni klasifikacijski sustavi s ciljem formiranja funkcionalnog profila. U istrazivanju je sudjelovalo 44 djece s CP u
dobi od 4-18 godina. Rezultati su pokazali da je najucestaliji tip CP obostrani spasti¢ni (63,6%), a potom jednostrani spa-
sti¢ni tip (22,7%). Zastupljenost diskinetske CP u naSem istrazivanju bila je 9,09%, a atakti¢ne CP 4,55%. Sukladno klasifi-
kaciji grubih i finih motori¢kih funkcija 43,2% djece je bilo pokretno, uz pomo¢ pomagala se moglo kretati 11% djece, dok je
nisku funkcionalnu razinu imalo 45,4% djece. U studiji su takoder analizirana i pridruzena odstupanja, s tim da su vii stup-
njevi klasifikacije motorickih funkcija korelirali s teZinom o$tecenja. Rezultati su ukazali na to da djeca s diskinetskim tipom
CP i teskim motoric¢kim oste¢enjem mogu imati blaze kognitivno ostecenje. IstraZivanjem je sustavno prikazan neuropsiho-
loski profil i karakteristike pridruzenih odstupanja u odnosu na tip CP te je formiran funkcionalni profil za svakog bolesnika.
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