MEDICAL
SCIENCE

CLINICAL RESEARCH

. e-ISSN 1643-3750

© Med Sci Monit, 2022; 28: €936207
MON |TOR DOI: 10.12659/MSM.936207

e omon1 Assessment of Functional Performance
Available online: 2022.05.10

Published; 2022.06.01 in Children with Cerebral Palsy Receiving
Treatment in a Day Care Facility: An
Observational Study

Authors’ Contribution: asce  Andzelina Wolan-Nieroda Department of Physiotherapy, Institute of Health Sciences, College of Medical

Study Design A ce Aleksandra tukasiewicz Sciences, University of Rzeszéw, Rzeszow, Poland
Data Collection B

Statistical Analysis C DEF JUStyna Leszczak
Data Interpretation D coer Mariusz Druzbicki
Manuscript Preparation E ACEF Agnieszka Guzik
Literature Search F
Funds Collection G
Corresponding Author: Andzelina Wolan-Nieroda, e-mail: wolan.a@gmail.com
Financial support: None declared
Conflict of interest: None declared

Background: The study assessed changes in functional performance of children with cerebral palsy (CP), immediately fol-
lowing treatment and 2 months later, in addition to investigating the relationship between therapy effect and
sex, age, or comorbidities.

Material/Methods: Functional performance of 32 children with spastic diplegia CP, aged 9-16 years, was assessed for: 1) manu-
al function (Box and Block test), motor capacities (Gross Motor Function Measure), sensory capacities (Finger
Identification [FI] and Localisation of Tactile Stimuli test [LTC]), and 2) activity and participation, ie, indepen-
dence in essential and more complex daily activities (Barthel Index; Paediatric Evaluation of Disability Inventory).
Measurements were conducted before the start (Month 0), immediately after 6-month rehabilitation program
(Month 6), and following a 2-month period with no therapy, ie, 8 months after baseline measurement (Month 8).
Results: Comparison of Month 0 and Month 6 scores showed significant differences (P<0.001) in all measures. However,
Month 8 scores were significantly worse in all the measures, except for sensory capacities assessed using Fl
and LTC (P<0.001).

Conclusions: Functional performance of children with CP was positively affected by 6-month therapy, but 2 months later
these effects significantly deteriorated, except for the sensory capacities. This suggests that therapy focusing
on functional performance should be included as a permanent component of rehabilitation programs. These
findings may be important for clinical practice as they show that therapy of children with CP should be contin-
uous and systematic, and this should be taken into account by those designing therapeutic programs.
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Abbreviations: CP - cerebral palsy; MACS — Manual Ability Classification System; PEDI — Pediatric Evaluation of
Disability Inventory; GMFCS — Gross Motor Function Classification System; GMFM — Gross Motor
Function Measure; NDT-Bobath — Neuro-Developmental Treatment; PNF — Proprioceptive Neuromuscular
Facilitation; SI — Sensory Integration therapy; Fl - finger identification test; LTC — localisation of tactile
stimuli test
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Background

Cerebral palsy (CP), is a heterogeneous group of disorders
caused by early brain damage that lasts a lifetime. According
to various authors, the incidence of CP is estimated at 1.5-3.3
cases per 1000 live births [1]. In Poland, the incidence of CP
is estimated at 2.0-2.5 per 1000 live births [1,2]. CP resulting
from a non-progressive lesion occurring in an immature brain
is recognized as a disorder most severely affecting motor and
postural control [3]. Due to this, therapy of children with CP
aims to improve their independent mobility, performance of
daily activities, and participation in social life. There are many
factors promoting motor improvement in children with CP [4,5].
Effectiveness of various types of therapy intended for patients
with CP was assessed in many studies [4-13]. However, most
of these did not provide solid evidence related to effectiveness
due to the heterogeneity of the study groups, other limitations
associated with the type of therapy provided, and the duration
of the rehabilitation program [4-8]. This observation encour-
aged us to investigate this subject matter more extensively.

Functional barriers faced by patients with CP are to a greater
or lesser extent associated with their abilities related to gross
and fine motor skills [14-16]. Additionally, motor disorders in
children with CP are often accompanied by abnormalities con-
nected with sensory integration, body schema, tactile function,
communication, perception and behavior [14].

Identification and assessment of functional impairments
in children with CP are facilitated by appropriate diagnos-
tic tools, which can also be used to evaluate effects of ther-
apies. The tools most commonly used to identify abnormali-
ties in fine and gross motor skills presented by children with
CP include the Gross Motor Function Classification System
(GMFCS), Gross Motor Function Measure (GMFM), Manual
Ability Classification System (MACS), and Paediatric Evaluation
of Disability Inventory (PEDI) [17].

Today, rehabilitation of patients with CP is largely based on
neurodevelopmental methods, such as Neurodevelopmental
Treatment Bobath (NDT/Bobath), Proprioceptive Neuromuscular
Facilitation (PNF), and Sensory Integration (Sl), involving sen-
sory stimulation and activation and affecting the patient’s pro-
prioception and kinaesthesia [18-23].

We were also motivated to investigate long-term effects of reha-
bilitation — to assess patients’ status at baseline, at the end of a
6-month program, and after 2 months without therapy — by the
fact that there is a lack of research reports evaluating various
therapeutic methods for durability of effects and applying vari-
ous tools measuring the therapeutic effects in children with CP.
Furthermore, no research reports have presented unequivocal
conclusions related to the effects of continued therapy versus
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rehabilitation programs including periods with no therapy on per-
formance of children with CP [6]. The expected implications of
our study for the clinical practice include the fact that the find-
ings may provide information which will be helpful for therapists
and parents planning therapy of children in CP, and may also
be important in the process of designing therapeutic programs
in facilities providing treatment to this population of children.

Many studies present information on the relationship be-
tween age, sex, or comorbidities and motor performance,
physical activity, or quality of life in children with CP [24-32].
Age may be an important factor associated with delayed de-
velopment of balance, postural control, and selective motor
control in younger children with CP; this may adversely affect
acquisition of certain skills. On the other hand, adolescents
may have more advanced soft tissue contractures and defor-
mities in joints, preventing improvement in gait and other
functions, irrespective of muscle strength [24]. Also, comor-
bidities such as obesity and cardiovascular diseases can lead
to reduced activity and impair the quality of life in children
with CP [24,25]. Given the above, we believe there is a need
to investigate whether the effect of therapy is related to sex,
age, and coexisting conditions.

The aim of this study was to assess changes in the functional

performance of children with spastic diplegia CP, at the end

of treatment and 2 months later, in addition to investigating

whether the effect of therapy is related to sex, age, and coex-

isting conditions. In connection to this we formulated the fol-

lowing hypotheses:

1. Six-month therapy improves functional performance of chil-
dren with spastic diplegia CP.

2. Two-month period with no therapy adversely affects func-
tional performance of children with spastic diplegia CP.

3. Effect of therapy is related to the subjects’ sex, age, and co-
existing conditions.

Material and Methods

Ethics Statement

The project was approved by the local Bioethics Commission
of the Medical Faculty (11/01/2021). Written consent was ob-
tained from all the parents or legal guardians of the children,
after they were informed of the study objectives. Participants
aged 16 signed an informed consent form as well. Experimental
conditions conformed to the Declaration of Helsinki.

Design

The prospective longitudinal non-randomized study involved
a single group.
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Procedure

The study was carried out in a special educational facility in
the Podkarpackie Region, Poland. The children’s functional per-
formance associated with manual, motor, and sensory capaci-
ties, as well as essential and complex activities of daily living,
were measured 3 times. The consecutive measurements were
conducted in 3 points of time, ie, before the start of the reha-
bilitation (Month 0), immediately after the 6-month rehabili-
tation program was completed (Month 6), and 2 months after
the therapy was completed (2-month period with no thera-
py), ie, 8 months after the baseline measurement, (Month 8).
All the children were provided with orthopedic braces worn
on the lower limbs as a support for the therapy process. The
braces were selected specifically for each child. Three-time as-
sessment of each participant was carried out in the same con-
ditions. All the participants received treatment from the same
physiotherapist, and were assessed by one examiner who per-
formed measurements 3 times, at time intervals as described
above. Rater calibration was performed using the Kappa co-
efficient. The acquired result exceeded a value of 0.91, which
showed measurement repeatability of over 91%, reflecting high
reliability and agreement of the measurements.

Participants

The study group comprised 32 children with spastic diplegia
cerebral palsy, and mild to moderate intellectual disability,
presenting GMFCS level II-1ll. Table 1 presents the character-
istics of the study group.

Inclusion criteria:

— written consent obtained from the children’s parents or le-
gal guardians, after they were informed about the study ob-
jectives, and from participants aged 16 after they were in-
formed of the study objectives;

- diagnosed cerebral palsy, in accordance with medical records;

- diagnosed form of diplegia, specified in a neurological as-
sessment and medical records;

- current health status permitting the child to participate in
the examinations;

— age 9-16 years;

— participation in a uniform rehabilitation program;

- two-month break after the rehabilitation program.

Exclusion criteria:

- significantly impaired higher mental functions and the child’s
unwillingness to participate in the examinations;

- hemiplegia, tetraplegia;

- surgical intervention in the area of lower and upper extrem-
ities less than 12 months before the baseline examination,
and botulinum toxin treatment less than 12 months before
the baseline assessment;

CLINICAL RESEARCH

Table 1. Sample characteristics.

Characteristic of participants

Age (yr), mean (SD) 13.81 (1.63)
CGendern®%)
CMales 21 (656%)
© Females 11 (344%)
Education, n main stream (%)
 3gade 1 (31%)
 stgrade 5 (156%)
 evgade 6 (188%)
 7vgrade 5 (156%)
 gvgade 14 (438%)
CGMECS,CH
Coleveln 19 (59.4%)
Colevelw 13 (406%)
mAcs
el 11 (344%)
Coleveln 11 (344%)
Colevelw 10 313%)
Cognitive,n(®)
 Midimpairment 17 (531%)
 Moderate impairment 15 (46.9%)
Comorbidites
 Epilepsy 1 (1%
© Insulin dependent diabetes 1 (31%)
© Visual disorder corrected with glasses 5 (15.6%)
© Auditory limitations 5 (156%)

GMFCS - Gross Motor Function Classification Scale;
MACS - Manual Ability Classification System.

- no comorbidities such as rheumatic, oncological, and car-
diological diseases as well as pain and inflammation in the
musculoskeletal system.

Intervention

The therapy was conducted for 6 months, with 45-minute
sessions taking place 5 times per week; the program includ-
ed individual therapy based on NDT/Bobath and PNF meth-
ods (4 times per week) and sensory integration therapy (once
a week) (Table 2). The sessions were designed specifically for
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Table 2. Therapy program.

Individual Individual Exercise aimed Sensory

therapy based on therapy based Individual to develop.fme integration
on NDT/Bobath motor skills N
Week/ NDT/Bobath and and PNE. with therapy based and improve (haptic
? on NDT/Bobath P stimulation,

Monthi 4 sessions PNF, designediis exercise focusin
individual ) ’  strengthen the ) 8 and PNF, with ., ., massage
45 minutes on relaxation . . t . .
therapy muscles of the exercise focusing I i applying various

h f dri .
eac of quadriceps, on pelvis textures,

torso, and upper/
mobility vestibular

lower limbs.
Gait training stimulation)

Duration per
week

hamstring, undressing,
iliopsoas and personal
pectoral muscles hygiene)

Total duration 32h 16 h 6 h 16 h 18 h
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between the location marked with the pen, and the place
indicated by the subject [33,34].

each participant and aimed to improve motor functions, bal-
ance, gait, fine motor skills, and performance in activities of
daily living, and to develop the spatial and body schema ori-
entation by stimulating the senses (touch, proprioception). 2. Activity:

The sessions were held in a therapy room at the facility. No - functional independence — Barthel Index, which assesses
therapy session had to be ended earlier, and no undesired in- performance in essential activities of daily living. The scale
cidents occurred. consists of 10 items; in each case the lowest rating (0 points)
corresponds to complete inability to perform the activity, or
a total dependence on others. A maximum of 100 points can
be scored [35].

The assessment, based on International Classification of - functional independence — PEDI scale, which assesses per-
Functioning, Disability and Health (ICF) and taking into ac- formance in complex activities of daily living in children
count the 3 components — body functions, activity and partic- with various motor deficits. It comprises 3 measuring parts:
ipation — was carried out with the use of the tools which have Functional skills (self-care, mobility and social function),
been validated and recommended for use in research studies Caregiver assistance, and Modifications. A score of 0 cor-
[24,32-37]. All the tests were applied in conformity with the responds to a lack of task performance or very limited per-
instructions for the questionnaires and tests, described below, formance in most instances. A score of 1 indicates that the
by certified therapists authorized to perform them. child effectively performs the task [36,37].

Outcome Measures

1. Function: 3. Participation:

- manual — Box and Blocks test, which makes it possible to - social contacts were tested using the PEDI scale; the rele-
examine dexterity and fine motor coordination. To perform vant items assessed the ability to understand words and
the test, you need 2 boxes of equal dimensions, separated complex sentences, use communication in practice, express

with a 15-cm-high partition. One of the boxes is filled with
150 wooden cubes. The subject is asked to move as many
cubes as possible from one box to the other during 60 sec-

one’s needs and emotions, solve problems, interact with
peers, and play with objects, as well as self-knowledge and
orientation in time. A score of 0 corresponds to a lack of

onds [31,33].

— motor - GMFM-66 scale, which is used to assess the motor
function in children with CP. The scale comprises 66 motor
tests corresponding to 5 dimensions: A — Lying and rolling,
B — Sitting, C — Crawling and kneeling, D — Standing, and E
- Walking, running, and jumping. Each motor activity per-
formed by the child is rated on a 4-point scale: 0 is award-
ed if the subject does not initiate the activity; 1 - if the task
is initiated; 2 — if the task is partially completed, and 3 - if
the task is completed [24,32].

- sensory — Southern California Sensory Integration tests,

comprising:

a) Finger identification test (FI), which assesses tactile percep-
tion and somatognosis; the subject is asked to indicate which
of his/her fingers was touched by the therapist. The exam-
iner covers the subject’s hands during the trial and touch-
es selected fingers. Subsequently, the subject looks at his/
her hands, touches them, and decides where the stimulus
was applied [33,34].

b) Localization of tactile stimuli test (LTC), which assesses tac-
tile perception and spatial orientation — the therapist cov-
ers the subject’s arm, so that he/she cannot see where he/
she is being touched, and then touches the subject’s hand
or forearm with a pen or marker to leave a small trace on
the skin. Next, the examiner asks the subject to show the
place which was touched by the therapist. After the sub-
ject points to the place, the examiner measures the distance

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e936207-5 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

task performance or very limited performance in most in-
stances. A score of 1 reflects that the child effectively per-
forms the task [36,37].

Sample Size

The minimum sample size for the population investigated was
determined using a sample size calculator (“PLUS module”
from Statistica 13.3 software), taking into account the num-
ber of children with spastic diplegia CP attending the spe-
cial educational facility in the Podkarpackie Region, Poland.
A fraction size of 0.8 was used, with a maximum error of 5%,
and a 95% confidence level, and a sample size of 30 patients
was obtained. The study involved 32 children. The following
formula was applied to determine the minimum sample size:

. NP(02-f(1-))
NMin= ~Npre2+a2-71-)

Nmin — minimum sample size

NP — size of the population from which the sample is drawn
o — level of confidence for the results

f — fraction size

e — expected maximum error
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Statistical Analysis

The research material was subjected to statistical analyses us-
ing Statistica 13.1. Non-parametric tests were applied in anal-
yses of the variables and the values. This type of testing was
performed due to the failure to achieve primary assumptions
of parametric tests, ie, compatibility of the distributions of the
relevant variables with the normal distributions, which were
examined and verified using the Shapiro-Wilk W test. For most
of the numerical variables, the following descriptive statistics
were calculated: arithmetic mean, minimum, maximum, stan-
dard deviation, median, and 1% and the 3 quartile. The sta-
tistical interpretation of the evaluations in the 3 consecutive
periods was verified using non-parametric Friedman’s ANOVA.
Because a statistically significant disproportion was identified,
a subsequent post hoc test was run; in the case of Friedman’s
ANOVA, it was Dunn’s test. It confirmed or contradicted the
presence of statistically significant disparities between the re-
sults of the consecutive measurements. The Mann-Whitney U
test was applied to assess the typically differentiated numer-
ical characteristics of the 2 populations. To interpret the dif-
ferences in the statistical level of a numerical characteristic in
more than 2 populations, the Kruskal-Wallis ANOVA was ap-
plied. In this case, multiple comparisons were run as the post
hoc test. The relationship of 2 unknowns failing to meet nor-
mal distribution criteria was assessed using Spearman’s rank
correlation coefficient. Kappa coefficient was applied to assess
agreement among 3 measurements performed by the examin-
er. Statistical significance was assumed for P<0.005.

Results

Study Participants

The study group included 11 (34.4%) girls and 21 (65.6%) boys
diagnosed with spastic diplegia CP and mild to moderate in-
tellectual disability, ranging in age from 9 to 16 years (13.81
years+1.64 month), participating in a rehabilitation program
carried out in a special educational facility. All the children
were in primary school, most in the 8" grade (14 [43.8%]),
and decreasing numbers were in the lower grades. Assessment
with GMFCS showed that 19 children (59.4%) were at Level
I, and 13 (40.6%) were at Level Ill. MACS Level | and Il each
were identified in 11 children (34.4%), while 10 (31.3%) chil-
dren were at Level Ill. Mild and moderate intellectual disabili-
ty was identified in 17 (53.1%) and in 15 (46.9%) children, re-
spectively (Table 1).
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Changes in the Functional Performance at the End of
Treatment and 2 Months Later

The results in all the scales and functional tests applied in
the consecutive measurements, ie, before the rehabilitation —
Month 0, immediately after the 6-month therapy — Month 6,
and at the end of the two-month period with no therapy, ie, 8
months after the baseline measurement — Month 8, were ex-
amined using Kruskal-Wallis ANOVA test, which showed the
scores were not equal (P<0.001). Therefore, it was necessary
to further analyse the results using a post hoc test, in this
case Dunn’s test.

Results for Barthel Index, GMFM as Well as Box and Block
(Month 0, Month 6, Month 8)

The interpretation of post hoc test results for Barthel Index,
GMFM, as well as Box and Block for the right and the left limb
was uniform. A statistically significant change was observed in
the results measured immediately after the 6-month therapy,
compared to Month 0 and the change was associated with im-
provement in the scores obtained by the children in the con-
secutive scales/functional test (the difference: Month 6 minus
Month 0). Furthermore, the abovementioned tests showed a
statistically significant change in the results achieved by the
children in the measurement at the end of the 2-month pe-
riod with no therapy relative to the measurement performed
immediately after the 6-month therapy. This time the change
was negative. This means that the 2-month break in the ther-
apy resulted in a significant deterioration of the scores iden-
tified immediately after the therapy (Month 8 vs Month 6). In
the case of these tests, no differences were found between
Month 0 and Month 8 measurements. This means that the re-
sults in Month 8 did not differ from the baseline identified be-
fore the therapy, which shows that because the rehabilitation
was discontinued (the period between Month 8 and Month 6),
the children’s functional status was the same as before the
therapy (Table 2).

Results for SI Tests (Month 0, Month 6, Month 8)

The interpretation for 2 other tests, ie, SI (FI and LTC) was also
uniform. This time there were statistically significant chang-
es in the results obtained by the children in the measurement
immediately after the 6-month therapy relative to the base-
line (Month 6 minus Month 0) and in the scores identified at
the end of the 2-month period with no therapy relative to the
baseline (Month 8 minus Month 0). No significant differenc-
es were found between the scores obtained by the children
immediately after the 6-month therapy and at the end of the
2-month period with no therapy (Month 8 vs Month 6). This
means that the scores in Sl tests reflected a statistically signif-
icant improvement achieved by the children immediately after
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Table 3. Functional tests and scales at the 3 points of time.

Month 0 Month 6

(n=32)

Month 8

Barthel 63.47

23.35

CLINICAL RESEARCH

Month 6
minus

Month 8
minus
Month 6

Month 8
minus

Kruskal-Wallis

Box and Block

— left 48.88 946 51.06 872

SD - standard deviation; n — number of observation. * Statistically significant difference in Dunn test (post-hoc) p<0.05; SI — sensory
integration; FI — finger identification test; LTC — localisation of tactile stimuli test.

Table 4. Sex versus effects of rehabilitation.

Males (n=21)

Scales

Females (n=11) Mann-Whitney

Barthel 6.14 5.00 4.35
oMM 629 600 299
ket 32 200 301
Ssi-m 300 300 176
Csi-mc 129 100 02
BoxandBlock—right 229 200 165
BoxandBlock—left 229 200 174

5.27 5.00 5.06 0.345
""""" 718 700 412 0779
w2 10 282 0083
""""" 273 300 185 o8y
1% 100 00 o716
""""" 200 200 170 o068
""""" 200 200 184 o061

Me — median; SD — standard deviation; FI — finger identification; LTC — localisation of tactile stimuli, p — significance of the differences

in Mann-Whitney U test.

the therapy and that this effect was maintained in the mea-
surement 2 months after the therapy ended. Despite a slight
decrease, the scores were still significantly higher compared
to the baseline (Table 2).

Results for PEDI Test (Month 0, Month 6, Month 8)

Finally, the scores in PEDI test were significantly improved
immediately after the 6-month therapy relative to the base-
line (Month 6 minus Month 0), and subsequently there was a
significant decrease in the scores identified at the end of the
two-month period with no therapy relative to the results iden-
tified in measurements immediately after the 6-month ther-
apy (Month 8 minus Month 6). Although the latter decrease
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was significant, it was lower than the previous increase (ie, im-
provement identified immediately after the therapy relative to
the baseline). Hence, despite this significant decrease, the chil-
dren’s scores were still significantly higher than those identi-
fied at the baseline (Month 8 vs Month 0), Table 3.

Relationship Between the Effect of Therapy and Sex, Age,
or Coexisting Conditions.

The effects of therapy were not related to the children’s sex
(P>0.05) — Table 4.

The effects of the therapy did not differ between children with
and without comorbidities (P>0.05) — Table 5.

[Chemical Abstracts/CAS]

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
-7 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



Wolan-Nieroda A. et al:
Functional performance in children with cerebral palsy
© Med Sci Monit, 2022; 28: €936207

CLINICAL RESEARCH

Table 5. Comorbidities versus effects of rehabilitation.

Mann-Whitney

No comorbidities (n=20) Existing comorbidities (n=12)

Scales

Barthel 5.60 5.00 4.48 6.25 5.00 4.83 0.590
Comem 720 700 a4 558 a0 s 0247
el 29 200 200 300 200 9 0782
Ssi-m 30 0 17 258 30 o1 0510
Ssi-tc 130 100 073 13 100 049 0876
Boxand Block—right 210 200 19 292 250 178 0593
CBoxandBlock—left 185 200 160 275 250 11 0199

Me — median; SD — standard deviation; FI — finger identification; LTC — localisation of tactile stimuli, p — significance of the differences

in Mann-Whitney U test.

Table 6. Age versus effects of rehabilitation.

Variables R P
Barthel versus age -0.18 0.329
 GMFMversusage 015 0399
PEDIversusage 004 0834
CSI-Flversusage 001 0946
CSI-UTCversusage 022 0227
 Boxand Block — right versus age 010 0576
 Boxand Block — left versus age 004 0835

R-value of Spearman;s rank correlation; p — significance of
differences; IP — finger identification; LBC — localisation of tactile
stimuli.

The effect of the therapy was not related to the children’s
age —Table 6.

Discussion

The aim of the study was to assess changes in the function-
al performance of children with spastic diplegia CP at the end
of treatment and 2 months later, in addition to investigating
whether the effect of therapy is related to sex, age, and co-
existing conditions. The findings of the present study show
that immediately after the 6-month therapy program children
with CP showed significant improvement in manual, motor and
sensory capacities and in essential as well as complex activi-
ties of daily living. Later, following a 2-month period with no
therapy, the children’s functional performance deteriorated
significantly as reflected by all the measures, except for the
sensory capacities: tactile perception and spatial orientation.

Additionally, the findings do not support the hypothesis that
the effect of therapy the children with spastic diplegia CP is
related to their sex, age, or comorbidities.

The rehabilitation program applied in the current study was
based on a combination of NDT/Bobath, PNF, and SI therapies.
The results identified immediately after the 6-month therapy
showed a considerable improvement in the children, reflected
by all the measures. We assume that one of the mechanisms
potentially contributing to improvement in functional perfor-
mance in the participants involves neuroplastic changes in-
duced by intensive motor training [38,39]. Another mechanism
positively affecting functional performance is linked to physi-
cal training, which leads to strengthening of muscles as a re-
sult of neuromuscular adaptation [40]. This is consistent with
other studies which reported improvement in motor capaci-
ties in children with diplegia regularly participating in physical
training [41-43]. In the present study, the effects of rehabilita-
tion were assessed using the following research tools: GMFM,
PEDI, Index Barthel Box and Block, and Southern California
Sensory Integration tests. In a study by Knox et al, effective-
ness of Bobath therapy applied to 15 children with CP was as-
sessed using GMFM and PEDI questionnaires. After a 6-week
rehabilitation program, improvement was achieved by all the
subjects in motor abilities and self-care skills [44]. Shamsoddini
and Hollisaz assessed the effect of SI therapy on gross motor
skills of children with CP. The 12-week therapy results were as-
sessed with GMFM. The authors concluded that sensory inte-
gration and vestibular stimulation produced positive results in
children with CP [45]. The present findings also show satisfying
results of Sl therapy. The analyses showed improved sensory
integration in the children with CP; the effect was identified
immediately after the 6-month rehabilitation and retained at
a similar level after 2-month period with no therapy.
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However, the current findings show that 2 months after the
therapy was discontinued there was a significant decrease in
the scores, compared to those identified immediately after the
therapy, with an exception of the scores in Localisation of tac-
tile stimuli test and Finger identification test. These findings
of our study may be linked to the persistent primary impair-
ments resulting from the damage to the central nervous sys-
tem (eg, muscle spasticity) [46]. It appears that effects of ther-
apy in children with spastic diplegia CP deteriorate rapidly due
to increased muscle tightness if treatment is not provided on
a regular basis. Lack of exercise frequently leads to mechan-
ical changes in muscles and tendons, reduced range of mo-
tion in joints (ie, contractures) and bone deformities [27-29].
Effects produced by lack of physical activity in individuals with
CP also include decreased muscle strength, which adversely af-
fects performance of motor tasks, such as walking or climbing
stairs [24-30]. It is likely that the above observations explain
our findings proving the hypothesis, which says that a 2-month
period with no therapy will negatively affect functional perfor-
mance of children with spastic diplegia CP. Hence, it can be
argued that well-targeted continuous and systematic therapy
alleviates secondary problems, allowing patients to maintain
normal motor functions which lead to independent mobility
of children with spastic diplegia CP, and this fact should be
taken into account by those designing therapeutic programs
in facilities providing treatment to this population of children.

The current findings do not prove the hypothesis about the
relationship between age, sex or comorbidities and effects
of therapy. This may be linked with the fact that the groups,
which were compared, were not equal in size. There were sig-
nificantly more boys than girls (21 vs 11) in our study group
and more children without comorbidities such as epilepsy,
diabetes, visual disorder, or auditory limitations (20 vs 12).
Therefore, the related research should be continued in equal-
size groups representing the specific characteristics, because
it seems that children’s age may indeed considerably impact
therapy effects. This is associated with the specificity of prob-
lems experienced at different stages of development, and af-
fecting individuals’ ability to acquire certain skills or improve
certain functions, eg, the delayed development of balance, pos-
tural control and selective motor control in younger children
with CP versus more advanced soft tissue contractures and
deformities in joints in adolescents with CP [46]. It has also
been reported that comorbidities can lead to reduced level of
activity and poorer quality of life in subjects with CP [46-48].

To recapitulate the above observations and the present find-
ings and to ensure the best quality of treatment and the most
beneficial effects of therapy for the child, it is necessary to
perform detailed and accurate functional assessment of the
child, by using tests and scales tailored to and designed for pa-
tients with CP. As a result, therapists can adjust the treatment
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specifically to an individual patient, taking into account his/
her capabilities and limitations. Various therapeutic methods
have been shown to produce significant changes in fine and
gross motor skills. In the related literature it is difficult to find
studies focusing on long-term effects of therapies applied to
children with CP. The current findings show that at the end of
the 6-month therapy, the children’s functional performance
was improved, which was reflected by all the outcome mea-
sures. However, the acquired skills were not retained after
the 2-month period with no therapy, as shown by the mea-
surements performed using GMFM, PEDI, Box and Block, and
Index Barthel. Hence, to decrease a risk of regression in their
functional performance it is necessary to reinforce effects of
therapy by ensuring continuous and systematic rehabilitation
of children with CP. On the other hand, the assessments car-
ried out using Sl tests showed that the effects of the 6-month
therapy were sustained at a similar level 2 months after the
program ended. This suggests that therapy focusing on sen-
sory functions such as tactile perception, somatognosis, and
spatial orientation could be included as a permanent compo-
nent of rehabilitation programs in day care centers providing
treatments to children with CP.

There are certain limitations of the study. Considering that the
study sample was based on the population of a specific educa-
tional center that works with a certain rehabilitation technique
and that the participants had a specific type of CP (ie, spastic
diplegia CP), these findings cannot be easily applied to other
settings and do not represent all individuals with CP. Therefore,
further research concerning other types of CP and rehabilitation
techniques are required. In accordance with the design of the
current study, there was no control group, which would have
enabled a comparative analysis. This limitation is linked with
the fact that all children in this particular day care center re-
ceive rehabilitation, so we could not select a control group of
subjects receiving no therapy. We are aware that this is a con-
siderable weakness of the study, but, to partly compensate for
this limitation, we performed the third examination (a follow-
up) 2 months after therapy, which enabled assessment of the
long-term effects of rehabilitation. It is necessary to continue
research focusing on assessment of functional performance
relative to the duration, type, and intensity of therapy provid-
ed to children with CP which would take into account a con-
trol group. The small sample size is the next limitation of this
study. However, the sample size calculation process that was
carried out showed that our sample of participants was ade-
quately powered for the feasibility study. Moreover, the pres-
ent study was continued for a relatively short time (8 months
only); further research should be designed to monitor thera-
py effects during a longer period of time.

Despite these limitations, the study also presents some
strengths. This was an observational study focusing on a
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uniform group of subjects presenting similar characteristics
at baseline. Furthermore, all the study participants received
treatment from the same physiotherapist and were then as-
sessed by one examiner who performed 3 measurements at
different time points to assess the long-term effects of the
therapy. Rater calibration was performed and showed good
reliability of the measurements performed by the examiner.
Furthermore, the rehabilitation program applied in the current
study was based on multi-targeted approach combining NDT/
Bobath, PNF, and Sl therapies (detailed description of the ther-
apies is included in Table 2). All the above factors suggest that
the outcome of this study can be applied to other settings. As
for the functional implications of this study, the findings may
be of importance for clinical practice as they support the evi-
dence showing that a lack of systematic therapy provided to
children with CP adversely affects their functional capacities,
and this fact should be taken into account by those design-
ing therapeutic programs in facilities providing treatment to
this population of children.
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Conclusions

Considering the limitations of the present study, the following
conclusions can be made. Immediately after the 6-month ther-
apy program the children with CP showed significant improve-
ment in manual, motor, and sensory capacities and in essen-
tial as well as complex activities of daily living. Later, following
a 2-month period with no therapy, the children’s functional
performance deteriorated significantly as reflected by all the
measures, except for the sensory capacities: tactile perception
and spatial orientation. This suggests that therapy focusing
on functional performance could be included as a permanent
component of rehabilitation programs in day care centers pro-
viding treatments to children with CP. As regards the broader
implications of this study, the findings may be of importance
for clinical practice since they show it is necessary to provide
continuous and systematic therapy to children with CP in order
to reduce a risk of regression in their functional capacities. This
information may be helpful for therapists working in day care
facilities, and for parents/guardians planning effective ther-
apy of children with CP, and it should be taken into account
by those designing therapeutic programs in facilities provid-
ing treatment to this population of children. Effectiveness of
the 6-month therapy program in children with CP was not re-
lated to their age, sex, or comorbidities.
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