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Profile of motor abilities of children with cerebral
palsy as a predictor of their functional independence
in self-care and mobility

Milena Milicevi¢

Institute of Criminological and Sociological Research, Belgrade, Serbia

SUMMARY

Introduction/Objective Limitations of mobility and motor deficits are identified as predominant in the
clinical picture of cerebral palsy.

This research aimed to describe the profile of motor abilities of children with cerebral palsy, which included
gross motor, manual, and bimanual fine motor functions, and to determine the extent to which their
functional independence in self-care and mobility was influenced by the profile of their motor abilities.
Methods A convenience sample of 117 participants with cerebral palsy (56.4% males), aged 7-18 years
(M =13.2, SD = 3.4), was included. The Gross Motor Function Classification System — Expanded and
Revised, Manual Ability Classification System, Bimanual Fine Motor Function and the Functional Inde-
pendence Measure - Version for Children, were used. Data was analyzed by descriptive statistics and
hierarchical multiple regression.

Results More than a half of sample exhibited different levels of gross motor, manual, and bimanual
function. Lower functional independence in self-care and mobility was associated with higher func-
tional limitations. Manual abilities were the strongest predictor of functional independence in self-care
(B =-0.63, p < 0.001), while gross motor functions were the strongest predictor in the mobility domain
(B=-0.65,p <0.001).

Conclusion Improvement of gross motor and manual abilities of children with cerebral palsy is confirmed
as one of the basic preconditions for achieving a greater independence and for minimizing or eliminating

a need for assistance in mobility and in everyday self-care activities.
Keywords: cerebral palsy; functional performance; mobility; self-care; motor functions

INTRODUCTION

Motor impairments of varying severity caused
by a brain lesion in the early development are
dominant in the clinical picture of cerebral
palsy (CP) [1]. It is the most common cause
of severe physical childhood disability, con-
sidered as a physical impairment that affects
motor development. The basis of this heteroge-
neous state is chronic, non-progressive motor
disorder, visible through muscular weakness,
limited range of motion, spasticity, pathologi-
cal reflexes, and contractures. Associated and
accompanying disorders are frequent, including
visual and/or hearing impairment, intellectual
disability, epilepsy, speech and behavioral dis-
orders, and secondary musculoskeletal prob-
lems [2, 3].

In the daily activities of persons with CP, a
number of functional limitations of different
severity restrict or even unable their active par-
ticipation, and participation in society [4]. De-
pending on the severity of limitations, among
other things, children experience difficulties
in performing daily and self-care activities [5].
The aforementioned associated and accompa-
nying disorders in the clinical picture of CP
have an additional or aggravating effect on the
developmental capacity of the child to learn

and perform everyday tasks. Consequently,
the improvement of functional abilities and the
gradual increase of independence in activities
of everyday life is undoubtedly one of the key
goals of their rehabilitation [6, 7].

The diversity of clinical characteristics
makes each case of CP a unique one, constant-
ly posing new challenges in everyday clinical
work. An adequate assessment of functional
abilities, with an understanding of the impor-
tance and impact that these abilities, taken to-
gether or individually, have on the everyday life
of children from this population, represents the
first step in planning the provision of appropri-
ate service support during childhood and in
the period of transition from adolescence to
adulthood.

One of the frequently asked research ques-
tions is related to the relationship between mo-
tor abilities and functional status of children
with CP. The characteristics of mobility and
self-care, including the independence level,
are usually examined only in relation to gross
motor abilities or in relation to gross motor
and fine manual abilities [5, 8—12]. Besides,
the effects of different types of treatment were
examined and the factors influencing the devel-
opment of functional independence in children
with CP identified [6, 7, 13, 14]. In other words,
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previous empirical research did not take into account the
overall profile of motor abilities of children with CP that,
in addition to both gross motor function and manual abili-
ties, includes bimanual fine motor function. Therefore,
this research was conducted with the twofold aim: firstly,
to describe the profile of motor abilities of children with
CP aged 7-18 years and, secondly, to examine its impact
on the level of their functional independence in self-care
and mobility. Broadly speaking, the results could be useful
in counseling work with families in a clinical context, in
giving a prognosis, as well as for appropriate planning and
evaluation of interventions.

METHODS

A convenience sample of 117 participants with CP, 66
(56.4%) boys and 51 (43.6%) girls, was included. The ava-
rage age of participants was 13 years and three months
(SD = 3 years 4 moths). The dominant clinical form of
CP was spastic, diagnosed in almost two-thirds of the
sample, specifically in 77 (65.8%) participants. The most
frequent spastic CP was quadriplegia, found in 33 (28.2%)
participants. Spastic diplegia was diagnosed in 27 (23.1%),
hemiplegia in 17 (14.5%), while the mixed form was noted
in 20 (17.1%) participants. Other clinical forms were ap-
proximately the same in percentage; ataxic CP was found
in eight (6.8%), and dyskinetic/athetoid CP in 12 (10.3%)
participants.

The research was conducted in cooperation with health,
educational and social welfare institutions, and associations
or societies of persons with CP from June 2014 to April
2015 on the territory of 32 municipalities of the Republic
of Serbia. The general inclusion criteria were as follows:
children of both sexes, aged 7-18 years, with CP diagnosed
according to the tenth revision of the International Statisti-
cal Classification of Diseases and Related Health Problems
- ICD-10 [15]. After the informed signed consent was ob-
tained, the data were collected from the available personal
medical, educational, or psychological records. The study
was approved by the Professional Ethics Boards of The Uni-
versity of Belgrade (No. 61206-2385/2-14).

The profile of motor abilities of each participant con-
tained the data on gross motor, manual, and bimanual fine
motor functions, with added information about the type
of CP. The functional independence level is described as a
consistent and usual performance of an activity, while the
level of independence is defined according to the level of
assistance that children need in order to perform the tasks
of everyday life [16].

The Gross Motor Function Classification System (GM-
FCS) and The Gross Motor Function Classification System
- Expanded and Revised (GMFCS-E&R) determine the
level that best represents the child’s current gross motor
abilities and limitations, based on the assessment of self-
initiated movements, meaningful in everyday life, with a
special emphasis on sitting, transfer, and mobility [17]. We
followed the child’s usual performance, and not what is
known that it can do best (capability), as well as the impact
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of environmental (physical, social, attitudes) and personal
factors (motivation, interests, preferences).

The Manual Ability Classification System (MACS) de-
scribes how the child uses its hands to handle objects in the
activities of daily life [18]. MACS is designed to evaluate
the child’s self-initiated ability to handle age-appropriate
objects, and the need for assistance or adaptation to ac-
complish everyday life tasks. The assessment is based on
a typical performance, without considering the functional
differences between the hands, the functioning of each
hand separately or explaining the causes of impairment
of manual abilities.

The Bimanual Fine Motor Function (BFMF) classifies
bimanuel fine motor functions based on the child’s ability
to catch, hold, and handle objects in each hand separately
[4]. The possible asymmetry of the upper extremity func-
tions is considered, but the dominant lateralization is not
taken into account.

In contemporary disability studies, GMFCS, MACS, and
BFMEF are considered the leading classifications of mobil-
ity, fine motor abilities, and the level of actual use of the
upper extremities. Numerous studies have confirmed the
reliability and the overall stability of these instruments, as
well as their discriminatory, constructive, and predictive
validity [4, 18-23]. They are five-level ordinal scales with
a higher level indicating a greater functional limitation.
MACS and BFMF levels are designed to match GMFCS
levels. Taken together, they provide useful information that
completes the CP clinical picture [19].

The level of functional independence is assessed by
the Functional Independence Measure (FIM), version for
children (WeeFIM) [16, 24]. This standardized pediatric
instrument for children with acquired or congenital im-
pairments or developmental delays is designed to measure
the influence of development strengths and difficulties on
the independence at home, school, and in the community,
with the aim of identifying priorities in the improvement
of functional results and providing support to the family.
Three main domains (self-care, mobility, and cognition)
are covered with 18 items. The scores are given on a seven-
point ordinal scale ranging from 1 - Total Assistance to
7 — Complete Independence. The total maximum score is
126 (subtotals for self-care: 8-56, mobility and cognition:
5-35). Each score is obtained by summing points of each
task, with a higher score indicating a higher independence
level of participants. Psychometric characteristics are re-
ported earlier [16, 24, 25].

Descriptive statistics and x* test were used to charac-
terize the sample and the outcomes. In order to examine
whether the profile of motor abilities, as a set of variables,
can predict a significant percentage of variance in self-care
and mobility domains, after statistically removing the pos-
sible influence of control variables, hierarchical multiple
regressions were applied. Taking into account the higher
percentage of male participants (56%) and a wide age range
(7-18 years), sex and age in months were selected as the
control variables. All analyses were performed in SPSS,
Version 23.0. (IBM Corp., Armonk, NY, USA) with the
significance level set at p = 0.05.
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RESULTS

Mild gross motor limitations (GMFCS I-II) are predomi-
nant in participants with spastic hemiplegia (70.6%) and
ataxia (50%). Severe gross motor limitations (GMFCS
IV-V) are more frequent in participants with spastic quad-
riplegia (84.9%) and dyskinetic/athetoid CP (66.6%) than
in other clinical forms (Figure 1). These frequencies were
significantly different, x*(20) = 68.15, p < 0.001.

More than a half of our sample exhibited different lev-
els of function measured by GMFCS, MACS and BFMF
(Figure 2). For example, the group classified in BEMF level
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Figure 1. Distribution of gross motor function (GMFCS) in relation to
cerebral palsy type

_ OGMFCS
E 30

g BMACS
2 % =BFMF
g

o

I 11 11 v v

Figure 2. Profile of motor abilities of participants with cerebral palsy;
GMFCS - gross motor functions; MACS — manual motor functions;
BFMF - bimanual fine motor functions

II included participants at all five different GMFCS levels,
while the group classified in MACS level V included only
participants who performed at the GMFCS levels IV-V.
Overlapping of GMFCS and MACS levels are found in 54
(46.2%) participants, and in 61 (52.1%) when considering
GMECS and BFMF levels.

Lower levels of functional independence in both self-
care and mobility domains are noted in participants with
higher functional limitations measured by GMFCS, MACS,
and BFMF (Figure 3).

As a control strategy, sex and age were entered in the
first block (Step 1) of hierarchical multiple regression
(Table 1). The overall model explained only 1% of the to-
tal variance in the self-care domain, without reaching the
statistical significance. After the variables of the profile of
motor abilities were entered (Step 2), the overall model
explained 76% of the total variance. The profile of motor
abilities, as a whole, explained additional 75% of variance,
after controlling sex and age parameters. However, only
two variables made a unique contribution, with the MACS
level having a higher standardized coefficient (p = -0.63,
p <0.001) than the GMFCS level (f =-0.30, p < 0.01). With
each increasing of limitations in manual abilities (MACS),
there is a decrease in the level of functional independence
in self-care by 7.41 points, or by 3.46 points when it comes
to limitations in gross motor function (GMFCS). Neither
sex, age, nor BEMF level made a unique contribution as
predictors.

Only partially comparable results were obtained when
predicting of functional independence in the mobility
domain was examined (Table 1). Sex and age together ex-
plained only 4% of the total variance of mobility, without
statistical significance (Step 1). When the profile of motor
abilities was entered (Step 2), the overall model explained
77% of the total variance. Accordingly, the profile of mo-
tor abilities, as a whole, explained an additional 73%, after
controlling for sex and age. Similar to the previous analysis,
only two motor abilities made a unique contribution, with
the GMEFCS level having a higher standardized coefficient
(B =-0.65, p <0.001) than the MACS level ( =-0.35,
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Figure 3. The level of functional independence of participants with cerebral palsy in self-care and mobility domains in relation to the level of:
a) gross motor functions, b) manual motor functions and c) bimanual fine motor functions; GMFCS - gross motor functions; MACS - manual

motor functions; BFMF - bimanual fine motor functions

Srp Arh Celok Lek. 2020 Jan-Feb;148(1-2):87-93

www.srpskiarhiv.rs



20

Milicevi¢ M.

Table 1. Prediction of the functional independence of participants with cerebral palsy in self-care and mobility based on the profile of motor

abilities - results of hierarchical multiple regression

. Step 1 Step 2
Predictor/Model
B SE (B) B t B SE (B) ) t
Sex 2.84 292 0.09 0.97 1.55 1.46 0.05 1.07
Age® 0.01 0.04 0.02 0.20 0.03 0.02 0.08 1.58
GMFCS -3.46 1.04 -0.30 -3.34*
g MACS -7.41 0.83 -0.63 -8.94%*
o BFMF 0.25 0.97 0.02 0.26
& R? 0.01 0.76
Adj.R? 0.00 0.75
AR? 0.01 0.75%*
F (df1, df2) 0.47 (2,114) 70.19 (5, 111)**
Sex 2.86 2.01 0.13 1.42 2 1.00 0.09 2
Age® -0.03 0.02 -0.11 -1.13 -0.01 0.01 -0.05 -1
GMFCS -5.28 0.57 -0.65 -9.28**
2 MACS -2.75 0.71 -0.35 -3.86**
% BFMF 0.91 0.66 0.10 137
= R2 0.04 0.77
Adj.R? 0.02 0.76
AR? 0.04 0.73**
F (df1, df2) 2.15(2,114) 73.86 (5, 111)**

B - unstandardized beta coefficient; - standardized coefficient; R? - coefficient of determination; Adj.R? - adjusted coefficient of determination;

AR? - multiple correlation coefficient change;
acontrol variables;

*p <0.01;

**p <0.001

p < 0.001). Therefore, increasing of the gross motor limi-
tations (GMFCS) causes a decline of the functional inde-
pendence in mobility by 5.28 points. When considering
the unique influence of manual abilities (MACS), in this
model, with their reducing, there is a decline of the func-
tional independence in mobility by 2.75 points.

DISCUSSION

The research results confirmed a strong association be-
tween the functional independence in self-care and mo-
bility and the motor abilities of participants with CP. As
functional limitations in the domains of gross motor, man-
ual and bimanual fine functions increase, the functional
independence in self-care and mobility decrease, and vice
versa. In the case of self-care, hierarchical multiple regres-
sion showed that manual abilities of participants with CP,
measured by the MACS, explained the most of its variance.
Contrarily, most of the mobility variance of was explained
by the gross motor function, measured by the GMFCS.
The variations in the dimension of mobility largely
explained the relationship between GMFCS and level of
disability [26]. Specifically, the severity of present gross
motor disability was singled out as a strong indicator of the
level of disability in the domains of physical independence,
mobility, occupation, and social integration [26]. Later,
the secondary analysis confirmed that GMFCS level was
the most significant predictor of restriction in mobility,
with BEMF and IQ as significantly contributing variables
[4]. Intellectual level often referred to as the educational
level or cognitive functional level is one of the personal
features listed as possible factors determining the func-
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tional independence of persons with CP [14]. This may
be caused by the association between the number of addi-
tional neuroimpairments in the individual child, including
the cognitive impairments, and CP type and GMFCS level,
because of major brain malformations and/or severe com-
promise at birth [4, 27]. Moreover, a decrease in the need
for assistance in everyday activities is associated with the
improvement of gross motor functions after a five-month
functional goal-directed therapy (physical therapy with the
emphasis on exercising of functional activities) [7]. After
all, the need for caregiver assistance was strongly related
to GMFCS level and accomplishment of activities [10].

Next, functional difficulties in different domains of ev-
erydaily functioning are more common in children with
CP who are classified in GMFC IV-V. In one study, it was
shown that daily living skills were statistically significantly
different among school-aged children with CP compared
to their gross motor functions [11]. Functional limitations
in daily living skills were more likely for children in GM-
FCS IV-V (wheelchair needs) in comparison to children
in GMFCS I (walking) and GMFCS II-III (restricted am-
bulation).

Comparable results were obtained on a sample of
younger children with CP aged between two years and
seven and a half years [10]. As the strongest overall pre-
dictor, gross motor limitations, classified according to
the GMECS, explained 84% of the variance in mobility,
or 82% and 63% of the variance in caregiver assistance,
and modification needed. Mobility was also a significant
contributory factor in self-care and some aspects of social
functioning [10]. Furthermore, our findings are close to
those reported in other studies when analyzing the rela-
tionship between GMFCS and MACS levels and mobility
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and self-care activities of children with CP [5, 9]. Gener-
ally, limitations in self-care increased progressively with
MACS level [5].

After considering confirmed overlapping of GMFCS
and MACS levels in almost half of our sample, it can be
concluded that GMFCS and MACS classifications are mu-
tually complementary to each other in determining of the
functional limitations. In particular, data on the overlap-
ping of GMFCS and MACS levels in 46% of our sample
is in accordance with the previous empirical findings ac-
cording to which the complete agreement is seen in 49%
of participants [18]. An absolute agreement of 39.2% was
found on a sample of 222 participants aged 2-17 years [28].
Next, an agreement of 77% was calucated between MACS
and BFMF levels [23].

In other words, when considering functional and mo-
tor profile of a person with CP, the data on GMFCS and
MACS levels are mutually complementary, and are not to be
used as an equivalent in the clinical practice. This outcome
of the analysis is consistent with previous theoretical and
empirical findings; GMFCS and MACS are two distinct
classification systems that are constructed on different con-
ceptual bases. Therefore, the influence that the gross motor
functioning has on manual function and their interrela-
tion are possible explanations of our findings [29]. Namely,
while GMFCS is simpler and more focused on basic mo-
tor patterns (head control, sitting, ambulation, transfers),
MACS includes a complex motor-cognitive dimension of
manual abilities because the functions of upper extremities
are closely related to cognitive abilities and voluntary motor
control [17, 18, 19]. Specifically, one of the key components
of performing self-care activities is manual skills [10]. Ad-
ditionally, the relationship between the MACS scale and
the BFMF scale can be described similarly, bearing in mind
that these two systems describe close, but different aspects
of the function of the upper extremities. More precisely,
the MACS is more focused on the evaluation of activity,
while the BEMF is based on the assessment of the level of
impairment and the level of capacity [4].

It is necessary to have a closer look at the finding that
there was no statistical significance for BFMF as a predictor.
Individually, changes in BEMF levels are at least reflecting
on the level of functional independence in both mobility
and self-care domain, as well. This can be explained by the
tindings of a study conducted on a sample of 185 children
with spastic CP in which the association of GMFCS and
MACS was confirmed, with the highest correlation coef-
ficient in the subgroup of children with quadriplegia and
the lowest in the subgroup of children with hemiplegia [12].
Moreover, this finding is a reflection of the consequences
that impairment of the muscles of trunk, upper and lower
extremities, as well as the greater presence of cognitive
problems have on the clinical picture of quadriplegia. As
a result, there is an association of gross motor abilities of
the child and his ability to handle objects in daily life. Con-
trarily, the assumed asymmetry in the clinical picture of
hemiplegia leaves the possibility that the child can handle
objects by using unaffected or less affected hand [12]. The
need to make a clearer differentiation between the capacity

Srp Arh Celok Lek. 2020 Jan-Feb;148(1-2):87-93

of fine motor abilities and normal manual performance in
children with unilateral spastic CP and the clinical signifi-
cance for treatment planning and evaluation of outcomes
can be read in previous reports [23].

Besides, when compared to the terminology and defini-
tions given in the International Classification of Function-
ing, Disability and Health, it can be seen that the BEMF
classification relies more on the determination of capability
as “executing tasks in a standard environment” (what a
child can do in a controlled environment) [30]. However,
the MACS classification is based on the assessment of
performance as “executing tasks in the current environ-
ment (what a child really does in everyday settings) [8].
Further, since the BEMF is more based on the assessment
of the symmetry of the upper extremities function, from
the aspect of the present impairment, it can be concluded
that its predictive power is limited when determining func-
tional independence in self-care and movement. Applied
together, these classifications can provide complementary
information on the difference between the fine motor ca-
pacities (measured by the BEMF) and the actual use of the
upper extremities in daily life (measured by the MACS).
By assessing those motor functions that are meaningful
in everyday life based on the usual achievements in the
home, school and community, the functional indepen-
dence of a child with CP in the activities of daily life can
be determined to a considerable extent, regardless of the
lateralization of motor impairment.

CONCLUSION

Based on the presented results, gross motor abilities of chil-
dren with CP determine largely the level of their functional
independence in mobility. At the same time, the level of
functional independence in self-care is largely determined
by manual abilities. Therefore, it can be concluded that the
improvement of gross motor and manual abilities is one of
the basic preconditions for achieving greater independence
for children from this population, that is, for minimizing
or eliminating the need for assistance in mobility and in
everyday self-care activities. Developing the independence
of children with CP largely relies on increasing or improv-
ing the level of development of gross motor and manual
abilities. Finally, although the symmetry of the function of
upper extremities does not determine statistically the level
of functional independence in the examined domains, the
data on developmental level of fine bimanual functions
complement the data that make the profile of motor abili-
ties of children with CP.
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Motor abilities and self-care and mobility functional independence in cerebral palsy

Mpodun moTopUUKMX CNOCOBHOCTH Aele ca LepebpanHoM Napanu3om Kao
NPeAUKTOp HbUXoBe PYHKLUOHANHE HE3aBUCHOCTM Y Camo36putbaBarby U

MObuANHOCTU

Mwunena Munuhesuh

WHCTMTYT 33 KpUMMHOMOLLKA M COLIMONOLLKA NCTPaXKMBatba, beorpan, Cpbuja

CAMETAK

YBoa/Linmb OrpaHnyera MOOUAHOCTY U MOTOPUYKI HeJOCTaL
cy npeHTMduKoBaHy Kao npeosnahyjyhn y KnMHUYKOj canuy
LiepebpanHe napanuse.

Linb uctpaxmvsarba je fia ce onuiie npodun MOTOPUYKIMX CMo-
COGHOCTY AeLle ca LepebpaiHoM Nnapann3oMm, Koju YKibyudyje
rpy6e MoTopuyKe, MaHyenHe 1 6rmaHyenHe GuHe MOToprYKe
byHKUWje, 1 fia ce YTBPAM Y KOjoj Mepy je hrxoBa GyHKLMO-
HaJlHa He3aBMCHOCT Yy CaMO36putbaBatby M MOOWITHOCTY MOA
yTnuajem npoduna MOTOPUYKIMX CNIOCOOHOCTN.

MeTopge lMpurofaH y3opak ce cactojao of 117 ucnutaHuka ca
LepebpanHom napanvsom (56,4% myLuKor nona), yspacra 7-18
roguHa (M = 13,23, SD = 3,36). MpumerseHu cy Cuctem Knacuou-
Kauuje rpybrx MoTopmnuKmx GpyHKLMja — MPOLLMPEHA 1 3MEHbe-
Ha Bep3uja, Cuctem KnacnduKaLmje MaHyenHX CnocobHoCTY,
BumanyenHe ¢prHe motopuuke dyHkuwje 1 TecT GyHKLMOHaNHe
HEe3aBMCHOCTY 3a AeLly. lMoAaum cy aHanm3mnpaHy LECKPUMTYB-
HOM CTaTUCTVIKOM 1 XV1jepapXmjckoM BULLECTPYKOM PErpecjom.
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Pesyntatu Kog BuLLe of NonoBrHe y30pKa yTBpHeHu cy pasnu-
YUTN HUBOW FPYOUX MOTOPUYKMX, MaHYEeSTHUX 1 O1MaHyenHuxX
dyHKUMja. Hrka GyHKLMOHaNHa He3aBUCHOCT y caMo36pyitba-
Batkby M MOOGMITHOCTU je noBe3aHa ca Behm dyHKLOHaNnHNM
orpaHuyerrMa. MaHyesnHe cnocobHOCTM Cy Hajjaumn npe-
ANKTOPU GYHKLMOHAHE HE3aBHCHOCTU y Camo30puitbaBakby
(B =-0,63, p < 0,001), a rpybe moTopuuKe dyHKLYje Hajjaum
npeauKkTopy y fomMeHy mobunHocTm (3 =-0,65, p < 0,001).
3aksmbyuyak [1o6osbLuatbe rpyorix MOTOPUYKKX U MaHyenHUX
crnocobHocTy felle ca LepebpanHom napanr3om je notspheHo
Kao jefiaH ofj OCHOBHUX Mpeayc/oBa 3a nocTr3atbe Behe Hesa-
BVCHOCTM 1 32 MUHUMM3MPatbe UV eNMMUHMCakE NoTpebe 3a
aCMCTEHLMjOM Yy MOBMITHOCTU 1 CBAKOAHEBHMM aKTUBHOCTMMA
camosbputbaBatba.

KmbyuHe peun: LepebpanHa napanusa; GyHKLMOHANHO
13BpLUABabE; MOOUTHOCT; CaMo30pritbaBatbe; MOTOPUUKE

dyHKUmje
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