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Summary
Introduction. Cerebral palsy is one of the leading causes of neu-
rological impairment in childhood. The dominant clinical sign is 
the impairment of gross motor functions; however, associated con-
ditions may limit the child with cerebral palsy in daily activities as 
well. The aim of this study was to determine the functional status 
of children with cerebral palsy, its relationship with the types of 
cerebral palsy, and concomitant conditions. Material and Methods. 
The sample included 206 children with cerebral palsy. The data 
were obtained from medical records with clinical characteristics of 
cerebral palsy, and associated conditions. The clinical types of cer-
ebral palsy were determined using the Surveillance of Cerebral 
Palsy in Europe registry and topographical categories. Gross motor 
function abilities were evaluated using the Gross Motor Function 
Classification System and manual abilities by the Manual Ability 
System Classification. Results. According to the Gross Motor Func-
tion Classification System, about two thirds of children with cere-
bral palsy (64.0%) had levels I, II or III of gross motor function 
impairment. A statistically significant difference was noted with 
respect to the distribution of various clinical types of cerebral palsy 
in relation to functional classification based on Gross Motor Func-
tion Classification System (p < 0.001), as well as in the functional 
classification in terms of intellectual impairment (p <0.001); chil-
dren with severe forms of intellectual impairment were classified 
at a higher level of functional limitation. Epilepsy was more preva-
lent in children with higher level of functional limitation (p = 0.009). 
Conclusion. Two thirds of children with cerebral palsy could walk 
independently or with walking aids. Children with quadriplegia and 
dyskinetic type of cerebral palsy had the most limited functional 
abilities. Associated conditions were more prevalent in children 
with higher functional limitations. 
Key words: Athletic Performance; Genotype; Gene Expression; 
Polymorphism, Single Nucleotide; Exercise; Programs; Peptidyl-
Dipeptidase A; Actinin; Muscle, Skeletal

Sažetak
Uvod. Cerebralna paraliza se nalazi među najčešćim uzrocima na-
stanka neuroloških oštećenja u dečjem uzrastu. U kliničkoj slici 
dominira oštećenje funkcionalnih motoričkih sposobnosti. Kod dece 
sa cerebralnom paralizom često su prisutni udruženi neurorazvojni 
ili senzorni problemi. Prisustvo ovih poremećaja može ograničava-
ti pojedinca u svakodnevnim aktivnostima. Cilj rada bio je  utvrđi-
vanje funkcionalnog statusa dece sa cerebralnom paralizom i istra-
živanje odnosa između funkcionalnih sposobnosti, oblika cerebral-
ne paralize i pridruženih oboljenja. Materijal i metode. Uzorak se 
sastojao od ukupno 206 dece. Iz medicinske dokumentacije su dobi-
jeni podaci o kliničkim karakteristikama cerebralne paralize i pri-
druženim oboljenjima. Klinički tip cerebralne paralize određen je 
prema preporuci Surveillance of Cerebral Palsy in Europe i topo-
grafski. Grube motoričke funkcije procenjene su na osnovu istoime-
nog klasifikacionog sistema Gross Motor Function Classification 
System, a manuelne sposobnosti na osnovu Manual Ability Classifi-
cation System. Rezultati. Oko dve trećine dece sa cerebralnom pa-
ralizom (64%) imalo je I, II ili III stepen oštećenja grube motoričke 
funkcije prema primenjenom klasifikacionom sistemu. Registrova-
na je statistički značajna razlika u distribuciji kliničkih tipova cere-
bralne paralize i mentalnog deficita u odnosu na funkcionalnu kla-
sifikaciju (p < 0,001). Teži stepen mentalnog deficita, kvadriplegič-
na i diskinetična forma cerebralne paralize bile su povezane sa težim 
nivoom funkcionalnog oštećenja. Epilepsija je bila prisutnija u gru-
pi dece sa većim stepenom oštećenja grube motoričke funkcije (p = 
0,009). Zaključak. Hod je bio moguć samostalno ili sa pomagalom 
kod dve trećine dece. Funkcionalna sposobnost najviše je bila limi-
tirana kod kvadriplegičnog i diskinetičkog oblika cerebralne parali-
ze. Teži nivo funkcionalnog oštećenja bio je povezan sa većom za-
stupljenošću i težim stepenom pridruženih oboljenja. 
Ključne reči: sportsko postignuće; genotip; ekspresija gena; 
polimorfizam jednog nukleotida; vežbanje; programi; angioten-
zin konvertujući enzim; aktinin; skeletni mišići
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Introduction

Cerebral palsy (CP) is one of the leading causes of 
neurological impairment in childhood [1, 2]. Worldwide 
studies on the prevalence of CP indicate that it is much 
higher in developing countries, and its incidence varies 
from 1.5 to 3.0 per 1.000 live births [2]. The clinical 
picture of CP is dominated by the functional impair-
ment of motor skills pertaining to the degree of motor 
function limitation in all body regions, including 
speech and oral motor performance. The capacity for 
independent movement, walking in particular, is often 
used as a rough measure for assessing the severity of 
motor deficit [3]. According to Palisano et al., classifi-
cation of gross motor function is based on the Gross 
Motor Function Classification System (GMFCS) as 
follows: level I and II indicate ability to walk unaided, 
level III pertains to walking with hand-held support or 
assistance, while individuals classified at level IV and 
V are unable to walk [3–5]. The definition of the degree 
of motor function is based on functional limitations, 
with particular emphasis on the sitting function (upper 
body control) and walking, use of assistive technolo-
gies, including walking aids (walker, crutches, walking 
stick) and wheelchair, as well as reduced motion qual-
ity [6]. Thus, GMFCS provides guidelines for health-
care professionals, allowing them monitoring and treat-
ment of health issues associated with CP [7].

Upper extremity functional abilities of children di-
agnosed with CP may be assessed using the Manual 
Ability Classification System (MACS) which is a sys-
tematic classification method which evaluates how 
children with CP use their hands to handle objects in 
daily activities. The MACS focuses on self-initiated 
manual dexterity, with specific focus on the object use 
in “personal space” (those in close proximity to one’s 
body, rather than objects out of reach) [8]. Empirical 
evidence shows that child’s motivation and cognitive 
ability impact his ability to handle objects manually, 
and therefore affect the MACS level [9].

Children diagnosed with CP often have associated 
conditions, such as epilepsy, impaired vision or hearing, 
compromised attention and communication, as well as 
behavioral and cognitive disorders [10]. It is necessary 
to identify the presence or absence of these disorders, 
as their presence is known to inhibit everyday activities 
[11, 12]. It is believed that the cognitive status, severity 
of motor impairment, and subtype of CP are positively 
correlated. Children with spastic diplegia and quadri-
plegia are less successful at tasks that require motor 
activity, compared to verbal tasks [13].

Given that the signs and symptoms of CP are pri-
marily based on the functional impairments of motor 
skills, i. e. the greatest limitation of patient’s abilities 
in everyday activities, our aim was to determine the 
functional status of children with CP and to investigate 

its relationship with the type of CP and concomitant 
diseases.

Material and Methods

This qualitative, clinical-epidemiological, classical 
study was conducted at the Clinic of Children’s Ha-
bilitation and Rehabilitation, of the Institute of Child 
and Youth Healthcare of Vojvodina in Novi Sad. The 
study was approved by the Ethics Committee of the 
Institute and the Faculty of Medicine, University of 
Novi Sad. The analysis included all patients diagnosed 
with CP from 1990 – 2009, resulting in a sample of 206 
children. Part of this comprehensive study is presented 
in this paper. Initially, medical histories of all patients 
were reviewed in order to ascertain their gestational 
age at birth, as well as their CP clinical characteristics 
and associated conditions. Clinical CP types were de-
termined according to the Surveillance of Cerebral 
Palsy in Europe (SCPE) and topographically [14]. 
Based on clinical presentations, five-level GMFCS was 
performed, whereby level I indicated the highest func-
tional ability, and level V the most severely limited 
motor function. For each of the five levels, the descrip-
tion of gross motor function included four age groups: 
under the age of 2, between the age of 2 and 4, between 
the age of 4 and 6, and between the age of 6 and 12 
years [6]. Based on the clinical picture and the occupa-
tional therapists’ reports, the quality of the upper ex-
tremity function was assessed using the MACS and it 
was classified into five levels, where level I indicated 
easy and successful use of objects, while level V im-
plied that the patient was unable to manually manipu-
late objects [8]. Data on associated conditions (mental 
defects, epilepsy, visual impairments) were gathered 
from the patients’ medical records provided by neu-
rologists, neuro-pediatricians, psychologists, speech 
therapists and ophthalmologists.

The collected data were saved in a database spe-
cifically designed for the purpose of this study. The 
subsequent data analysis consisted of descriptive 
and inferential statistics. Attributive characteristics 
were presented through frequencies and percent-
ages. Comparison of the observed and expected 
frequencies was performed via χ2 test, whereas 
analysis of correlation between two characteristics 
was done using the Spearman correlation coeffi-
cient test. All statistical analyses were performed 
using the Statistical Package for the Social Sci-
ences (SPSS) Statistics 17.0 computer software. 

Results

According to the GMFCS, nearly two thirds of chil-
dren with CP (64.0%) exhibited a motor function im-
pairment at levels I, II or III, whereas levels IV and V 
were found in 17.5% and 18.6% children, respectively 
(Table 1).

In the examined sample, a statistically significant 
difference was found in the distribution of clinical types 
of CP, according to the GMFCS functional ability (χ2 

Abbreviations
CP – cerebral palsy
GMFCS – Gross Motor Function Classification System
MACS – Manual Ability Classification System
SCPE – Surveillance of Cerebral Palsy in Europe
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= 148.149, p<0.001), as shown in Table 2. In children 
diagnosed with spastic unilateral CP, GMFCS levels I 
and II were the most prevalent (92.5%), whereas quad-
riplegic patients were mostly classified at levels IV and 
V (95.6%). The same findings were found in children 
with dyskinetic (64.7%) and ataxic (66.7%) type of CP. 
On the other hand, in 54.7% of the examined children, 
motor function was classified at GMFCS levels I or II, 
while 34.4% of the sample had level III, as shown in 
Table 2.

According to MACS classification, the majority 
(88.9%) of children with spastic unilateral CP were 
classified at level II (41.7%) or level III (47.2%). Nearly 
all diplegic children (92.1%) exhibited manual ability 
at level I (48.9%) or level II (42.2%), while 77.1% of 
quadriplegic patients demonstrated MACS level IV 
(38.7%) or level V (48.4%). Manual dexterity in chil-
dren with dyskinetic CP varied from levels II − V, 
whereby the majority were classified at level III (33.3%) 
or IV (33.3%), as shown in Table 3.

Analyses revealed statistically significant differ-
ences (χ2 = 93.984, p <0.001) between the mental def-
icit and the GMFCS functional classification. As dis-
played in Graph 1, severe cognitive impairment was 
absent in children at level I, while it was found in 59.1% 
and about 33% of children classified at GMFCS levels 
IV and V, respectively. Similarly, epilepsy was statisti-
cally significantly more associated with the GMFCS 
level (χ2 =13.531, p = 0.009). More specifically, the per-
centage of CP patients with concomitant epilepsy in-
creased with the GMFCS level, from 25.5% at GMFCS 

level I to 58.3% at level V. On the other hand, no sig-
nificant differences were found between visual impair-
ment and the GMFCS classification.

Discussion

In the present study, the gross motor skill distribu-
tion represented by the GMFCS classification levels 
(64% of the sample at levels I − III, and the remaining 
36% at IV or V) was in agreement with the report of 
Himmelmann, whereby 69% of the assessed children 
exhibited levels I to III, and the remaining 31% of 
the studied sample were classified at levels IV or V 
[14]. Similar findings were yielded by a study con-
ducted in Australia [16]. On the other hand, in Sweden 

Table 1. Functional classification according to GMFCS in children with CP
Tabela 1. Funkcionalna klasifikacija grubih motoričkih funkcija (GMF) kod dece sa cerebralnom paralizom

GMFCS N % Valid %1
I 51 24.8 26.3
II 43 20.9 22.2
III 30 14.6 15.5
IV 34 16.5 17.5
V 36 17.5 18.6
Total 194 94.2 100.0
No data 12 5.8
Total/Ukupno 206 100.0

Table 2. Distribution of GMFCS levels by CP types
Tabela 2. Distribucija stepena grubih motoričkih funkacija (GMF) i tipa cerebralne paralize

GMFCS levels/Stepen GMF
Clinical type of CP
Klinički tip cerebralne paralize

I-II III IV-V Total/Ukupno

Spastic unilateral/unilateralni spastični N (%) 49 (92.5) 3 (5.7) 1 (1.9) 53 (100)
SB* diplegia/SB* diplegija N (%) 35 (54.7) 22 (34.4) 7 (10.9) 64 (100)
SB* quadriplegia/SB* kvadriplegija N (%) 2 (4.4) 43 (95.6) 45 (100)
Dyskinetic/Diskinetični N (%) 5 (29.4) 1 (5.9) 11 (64.7) 17 (100)
Ataxic/Ataksični N (%) 3 (33.3) 6 (66.7) 9 (100)
Total/Ukupno N (%) 92 (48.9) 28 (14.9) 68 (36.2) 188 (100)
*SB – spastic bilateral/spastična bilateralna

Graph 1. Distribution of associated conditions by GM-
FCS levels
Grafikon 1. Distribucija udruženih stanja sa stepenom 
grube motoričke funkcije
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and Island, the researchers classified 5 − 10% fewer 
children at the highest GMFCS levels [17, 18]. This 
discrepancy may be due to the greater number of 
quadriplegic children in our sample. The differences 
in the prevalence of gross motor impairments at dif-
ferent GMFCS levels can also be explained by the 
difficulties in precisely assessing children under the 
age of two, compared to more mature patients. Gorter 
and colleagues examined the predictive value of GM-
FCS administered to children under the age of 2, and 
reporting that in 42% of cases the initially established 
level was revised as the children aged, typically to the 
higher level indicative of greater functional impair-
ment [19]. Yet, Palisano et al. claimed that GMFCS 
classification was stable over time [3, 6]. Bax and col-
leagues believed that the disparities in these findings 
stem from the use of an overly wide age span, suggest-
ing that it should be defined more precisely when 
using this classification system [20].

Our findings point to statistically significant dif-
ferences in the distribution of CP types in relation to 
the GMFCS classification. The majority of children 
exhibiting a hemiplegic form of CP were classified 
at levels I or II, with only three children at level III 
and one at level IV. These results are in line with 
those reported by Beckung et al., who classified all 
hemiplegic patients at levels I − IV, with greater 
prevalence of cases at lower levels [21]. Himmelmann 
and colleagues, however, found that children with 
hemiplegic CP were classified at all GMFCS levels 
[22]. Nonetheless, most authors concur that gross mo-
tor function of hemiplegic children with CP is at 
level I [21, 23−25]. Our results pertaining to children 
with diplegia indicate that they also tend to exhibit 
gross motor function difficulties at the first four GM-
FCS levels. More specifically, half of this group was 
classified at levels I or II, while none of the children 
were at level V, in accordance with the findings re-
ported by Howard et al. [16]. However, other authors 
noted a small number (about 5% of the examined 
sample) of diplegic children at level V [21, 22]. In our 
study, the majority of children with quadriplegia 
were classified at levels IV or V, with only two at 
level III. In several extant studies, the most severe 
CP type was associated with the greatest functional 
impairments according to the GMFCS classification, 
whereby level V predominated [16, 22, 25]. Some 

authors assume that spastic quadriplegia is associ-
ated with level V only [20]. Our findings indicate 
presence of dyskinetic CP et all GMFCS levels, with 
levels IV or V found in 2/3 of the examined cases, 
which is in agreement with the results yielded by a 
Swedish study [22]. Beckung and colleagues, on the 
other hand, found that the dyskinetic CP was the 
most prevalent at level III [21]. Ataxic CP is very rare 
and according to the available evidence it is distrib-
uted across the first three GMFCS levels. In our sam-
ple, children with ataxic CP were classified at levels 
I, II and IV, with the greatest number found at level 
IV, in line with the results reported by other authors 
[16, 21]. Significant variations in the functional abil-
ities of ataxic children could be attributed to the pre-
dominance of symptoms indicative of hypotonic or 
ataxic CP, due to which some researchers separated 
children predominantly displaying hypotonia from 
the group exhibiting ataxia [16, 26].

The MACS allows manual dexterity to be classified 
in the evaluation of the upper extremity function in eve-
ryday life. According to the prevailing consensus, man-
ual functional abilities are much more restricted in chil-
dren with unilateral spastic CP, in relation to their gross 
motor functions, whereas diplegic CP tends to prima-
rily impair gross motor functions [27]. Our findings 
indicated that more than 75% of children with unilat-
eral spastic CP exhibited manual dexterity at levels II or 
III. Children diagnosed with hemiplegic CP have a ten-
dency to neglect the affected upper extremity, which 
compromises their ability to partake in bimanual ac-
tivities, resulting in classification at MACS level II [8]. 
Our results showed that children with diplegia typically 
exhibit manual functions at levels I or II, while those 
with quadriplegia are classified at level IV or V, and the 
dyskinetic CP mostly corresponds to levels III, IV or V. 
According to Carnahan et al., quadriplegic and dyski-
netic CP forms usually correspond to MACS levels IV 
or V. In children with these types of CP, upper extrem-
ity function can be improved through occupational 
therapy, provided that they do not suffer any cognitive 
impairment [27]. It is widely established that the upper 
extremity function depends on both cognitive status and 
patient’s self-directed motor control [28].

According to our findings, higher GMFCS levels, 
indicative of greater functional impairment, are associ-
ated with greater prevalence and severity of concomi-

Table 3. Distribution of  MACS levels by CP types
Tabela 3. Distribucija stepena manuelnih sposobnosti i tipova cerebralne paralize

MACS/Sistem klasifikacije manuelnih sposobnosti
1 2 3 4 5 Total/Ukupno

Spastic unilateral/Spastični unilateralni N (%) 3 (8.3) 15 (41.7) 17 (47.2) 1 (2.8) 0 (.0) 36 (100)
SB* diplegia/SB* diplegija N (%) 22 (48.9) 19 (42.2) 3 (6.7) 1 (2.2) 0 (.0) 45 (100)
SB* quadriplegia/SB*kvadriplegija N (%) .0 (.00) 1 (3.2) 3 (9.7) 12 (38.7) 15 (48.4) 31 (100)
Dyskinetic/Diskinetični N (%) .0 (.0) 1 (11.1) 3 (33.3) 3 (33.3) 2 (22.2) 9 (100)
Ataxic/Ataksični N (%) .0 (.0) 2 (66.7) 0 (.0) 1 (33.3) 0 (.0) 3 (100)
Total/Ukupno N (%) 25 (20.2) 38 (30.6) 26 (21) 18 (14.5) 17 (13.7) 124 (100)
*SB – spastic biateral/spastični bilateralni
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tant conditions, such as mental deficit, visual impair-
ment and epilepsy. Consequently, GMFCS classifica-
tion level can be viewed as a reliable indicator of the 
overall extent of disability in children with CP. In their 
work, Himmelmann and colleagues correlated the 
higher GMFCS levels with the greater number of as-
sociated impairments, while in children born at term, 
GMFCS classification reflected the severity of adverse 
perinatal or neonatal events, such as intracranial bleed-
ing or cerebral infarction and hypoxic-ischemic en-
cephalopathy [22]. 

Conclusion

In the examined sample, two thirds of the children 
with cerebral palsy were capable of walking, either in-

dependently or with assistance (corresponding to Gross 
Motor Function Classification System - levels I − III), 
while the remaining third of the examined children 
were immobile (and were thus classified at Gross Motor 
Function Classification System – levels IV or V). In 
terms of functional classification, about 50% and 90% 
of children with bilateral and unilateral spastic cerebral 
palsy, respectively, were classified at levels I or II, point-
ing to the highest functional ability. Functional ability 
was most compromised in quadriplegic and dyskinetic 
cases of cerebral palsy, and those children were classi-
fied at levels IV or V. According to the Gross Motor 
Function Classification System classification, more se-
vere functional impairments were related to higher 
prevalence and greater extent of associated conditions, 
such as mental deficit, visual impairment and epilepsy. 
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