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The study was designed to identify factors influencing the short term effect of intensive
therapy on gross motor function in children with cerebral palsy or developmental delay.
Retrospectively, total Gross Motor Function Measure-88 (GMFM-88) scores measured
during the first and last weeks of intensive therapy were analyzed (n = 103). Good and
poor responder groups were defined as those in the top and bottom 25% in terms of score
difference, respectively. The GMFM-88 score increased to 4.67 + 3.93 after 8 weeks of
intensive therapy (P < 0.001). Gross Motor Function Classification System (GMFCS) level
(I-11'vs. IV-V: odds ratio [OR] = 7.763, 95% confidence interval [Cl] = 2.177-27.682,

P =0.002) was a significant factor in a good response to therapy. Age (= 36 months;

OR =2.737, 95% Cl = 1.003-7.471, P=0.049) and GMFCS level (-1l vs. IV-V;

OR =0.189, 95% Cl = 0.057-0.630, P=0.007; and Il vs. IV-V; OR = 0.095, 95%

Cl = 0.011-0.785, P = 0.029) were significantly associated with a poor response. GMFCS
level is the most important prognostic factor for the effect of intensive therapy on gross
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motor function. In addition, age > 36 months, is associated with a poor outcome.
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INTRODUCTION

Recently, early diagnosis and intervention has become an im-
portant topic. A systematic review showed that early interven-
tion programs for high risk preterm infants have a positive in-
fluence on motor outcomes until 3 years of age, but not beyond
(1). Given the phenomenon of neuroplasticity, interventions at
an earlier stage might be beneficial; however, there are no de-
finitive guidelines regarding the extent or intensity of treatment.
When designing intervention programs, it is important to in-
clude or exclude patients on the basis of their age and other char-
acteristics; the extent and duration of any treatment must also
be taken into consideration.

Many children with developmental delay receive rehabilita-
tion therapy in hospitals in Korea, and intensive rehabilitation
therapy is widely adopted nowadays. According to the database
of Health Insurance Review & Assessment Service (HIRA) and
Ministry of the Interior of Korea, the cost of physical therapy of
children and adolescents (< 20 years old) is steadily increasing,
from 26,526,661 in 2010 to 38,634,304 (KRW) in 2014 (Fig. 1),
which is approximately 21,922 and 31,929 (USD), respectively.
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However, the number of population decreased from 11,584,399
(22.93% of total population) in 2010 to 10,580,278 (20.61%) in
2014 (2). The cost of physical therapy has increased about 45.6%,
though the actual number of population has decreased. There
is no definite analysis about the reason of this increase, howev-
er several factors might have contributed. High risk children
such as prematurity have increased, importance of early inter-
vention is widely accepted for both specialists and caregivers,
and increased chance of intensive therapy as inpatient patients
are possible causes of this phenomenon.

Developmental delay can occur through various etiologies.
Cerebral palsy (CP) is one of the major causes of developmen-
tal delay, for which various clinical features are due to damage
of the immature brain. Movement and posture impairment are
common, and sensation, perception, cognition, communica-
tion, behaviour, and musculoskeletal problems are often pres-
ent in children with CP (3). Chromosome abnormality, congen-
ital anomaly, and traumatic injuries, etc. also could cause de-
velopmental delay. Various therapies are recommended for
majority of children with developmental delay, although the
choice is often influenced by individual socioeconomic status,
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Fig. 1. The cost of physical therapy of children and adolescents in South Korea from
2010 to 2014.

accessibility to rehabilitation facilities, and national policy. Con-
ventional rehabilitation treatment for children with CP or de-
velopmental delay includes physiotherapy (PT), such as neuro-
development therapy, occupational therapy, and speech thera-
py (4). In Korea, the cost of physical therapy is covered by na-
tional health insurance, thus accessibility is relatively good from
an economic point of view though patients need to pay for some
of the expenses.

The effect of rehabilitation therapy may be dependent on the
intensity of treatment. In a meta-analysis, intensive therapy tend-
ed to have greater effects on functional motor outcomes (with
modest effect sizes) than non intensive therapy (5). There is no
precise consensus regarding the intensity and duration of in-
tensive therapy, or concerning ‘intensive rehabilitation. In ad-
dition, the form that intensive rehabilitation treatment takes
may vary according to regional facilities, manpower and medi-
cal care systems. Previous studies typically specified a treatment
frequency of more than 3 times a week and treatment session
durations of 45 minutes to 4 hours a day, completed over sever-
al weeks as intensive programs (5-9). However, there is no con-
sensus on the optimal frequency and duration of rehabilitative
therapy for children with developmental delays, including CP.
In addition, indications for intensive therapy, efficacy, and fac-
tors influencing outcomes remain unclear.

The aim of this study was to explore the short term effects of
comprehensive intensive rehabilitative therapy on gross motor
function in miscellaneous developmentally delayed children,
including those with CP, and to identify factors that influence
the effect of intensive rehabilitative programs.

MATERIALS AND METHODS

All participants in this study received voluntary intensive reha-
bilitation therapy for 8 weeks in the rehabilitation department
of St. Vincent’s Hospital. Our program included a total of 2 hours
of therapy conducted by a therapist (with a break every 30 min-
utes) and 1 hour of self-therapy programs, such as ergometer
exercises or standing at a stander, etc.; the self therapy was also
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supervised by therapists in a hospital setting. Therapy sessions
took place daily for 8 weeks. Indications for our intensive treat-
ment program were an age of less than 7 years plus developmen-
tal delay requiring both physical and occupational therapies.
The decision to participate in the program was made on the re-
quest of a caregiver or the recommendation of a physician after
sufficient discussion.

Intervention programs were individualized according to the
patient’s development and condition; however, there were also
several common principles.

« Principles of the rehabilitation program

1) Functional goal directed training, focusing on specific
activities that are important in the developmental mile-
stones of each child.

2) During the first week of treatment, parents were asked
about their overall goals during the 8 weeks of therapy,
and this information was shared with the pediatric re-
habilitation team. Patients’ goals, ongoing therapies, and
any change in, or new information pertaining to, the pa-
tients were shared and discussed weekly among physi-
cians and therapists.

3) Application of neurodevelopmental therapy encompass-
ing motor learning concepts.

4) Standing at the standing frame, or exercising on the cy-
cle ergometer, daily.

Clinical information was collected during the treatment course,
including age and sex, as well as birth, seizure, medication, and
botulinum toxin injection histories. Measurements of gross mo-
tor functions were performed using the Gross Motor Function
Measure-88 (GMFM-88) and Gross Motor Function Classifica-
tion System (GMFCS), and were obtained at the start and end
of the course. GMFM-88 is a reliable tool to detect changes in
gross motor function in children with CP (10). The GMFCS is
validated and reliable tool that categorizes individuals with CP
into one of 5 levels based on each child’s motor function, from I
(mildly affected) to V (severely affected) (11,12). To check gen-
eral developmental status, we applied the Bayley Scales of In-
fant and Toddler Development (3rd edition, Bayley-III) or the
Gessell Developmental Test, depending on developmental age.

Statistical analysis

Statistical analyses were performed with R (R Foundation for
Statistical Computing, Vienna, Austria) and SPSS for Windows
software (ver. 21.0; SPSS Inc., Chicago, IL, USA). Participants
were classified into 3 groups according to the cause of the de-
velopmental delay: CP, genetic disorder, or unknown etiology.
All patients were evaluated using the Bayley-III and develop-
mental quotient (DQ) was calculated as developmental age/
chronological age (corrected age) x 100 based on the cognitive
and language scales (receptive communication) that are the
subscales of Bayley-IIL
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GMFM-88 scores at weeks 1 and 8 of the therapy course were
analyzed using a paired t-test. Differences between each groups’
GMFM-88 score were analyzed using one-way analysis of vari-
ance (ANOVA) according to diagnosis and GMFCS level. The
post-hoc tests were done to identify the pairs of means that dif-
fer. Good and poor responder groups were defined as those in
the top and bottom 25% in terms of difference in GMFM-88 scores,
respectively. For analysis purposes, GMFCS levels were strati-
fied into 3 groups: levels I-1I, level I1I, and levels IV-V. Univari-
able and multivariable logistic regression analysis was performed
in sequence to explore the factors associated with a good or poor
response to intensive treatment.

Ethics statement

The present study protocol was reviewed and approved by the
Institutional Review Board of Catholic University College of Med-
icine (Registry No. VC16RISI0075). Informed consent was waiv-
ed by the board.

RESULTS

Of the 145 cases receiving 8 weeks of intensive rehabilitation
treatment between July 2011 and November 2015, we excluded
those who had poor compliance for treatment or evaluation
(n =9). For patients (n = 30) who took part in more than one
session (27 patients completed the course twice, 3 patients com-
pleted it 3 times), data from the first treatment session were in-
cluded, thus, 30 cases were selected among 63 cases. Finally,
therefore, 103 patients’ data were reviewed retrospectively.

The mean age at treatment initiation was 32.62 + 14.56 months
and the mean corrected age was 31.09 + 14.53 months (range:
5-65 months). In total, 51 of the 103 patients were boys; 80 pa-
tients were diagnosed as CP, 11 had genetic abnormalities, and

Table 1. Characteristics of patients and the difference in GMFM-88 score among
groups (n = 103)

Difference of GMFM-88 score

Characteristics No.
Mean SD Pvalue
Sex Male 51 4.65 3.70
Female 52 4.70 419 0.947
GMFCS =+ 85 7.46 4.87 0.007*
it 18 4.41 2.02 0.027°
V=Vt 50 2.81 2.28 0.000*
Seizure Yes 39 3.06 2.21
No 64 5.65 4.42 0.000
CP* 80 4.29 3.34
Diagnosis  Genetic* 11 7.54 6.76 0.026*
Unknown 12 4.56 351

GMFM = Gross Motor Function Measure, GMFCS = Gross Motor Function Classifica-
tion System, SD = standard deviation, CP = cerebral palsy, ANOVA = analysis of vari-
ance.

*14Post-hoc analysis of each group after one-way ANOVA according to diagnosis and
GMFCS level.
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12 had developmental delays of unknown etiology. In total, 58
patients were born prematurely, 39 had combined seizure dis-
orders, and 19 of 73 spastic patients had received a botulinum
toxin injection during, or 1 month before, the treatment course.
Demographic characteristics of patients and mean differences
in GMFM-88 scores are shown in Table 1.

The mean difference in GMFM-88 score after 8 weeks of ther-
apy was 4.67 + 3.93 (P < 0.001). There was no significant differ-
ence in changes in gross motor function according to diagnosis
(P> 0.05). There were 16, 19, 18, 23, and 27 patients categorized
as GMECS levels I to V, respectively. The mean differences in
GMEFM-88 score, pre- vs. post-8-week treatment course, were
5.80 + 3.59, 8.86 + 5.43, 4.41 + 2.02, 3.46 + 2.72, and 2.26 + 1.69
for patients categorized as GMFCS levels I to V, respectively (Fig.
2). Children with a GMFCS level of Il showed the greatest chang-
es in GMFM-88 scores; the magnitude of change was statistical-
ly significantly larger compared to those with GMFCS levels of
II1 (P = 0.001), IV (P < 0.001), and V (P < 0.001). Concerning the
good vs. poor responders, a mean change in GMFM score of
6.18% or more represented the top 25th percentile, and a mean
change of 2.24% or less represented the bottom 25th percentile.
In the univariable analysis, absence of seizure disorder (P = 0.002),
a GMFCS level of I-1I compared to IV-V (P < 0.001), and absence
of cognitive impairment (cognition DQ > 70, P = 0.030) were
the factors significantly associated with a good response to in-
tensive treatment. In multivariable analysis, only GMFCS level
(I-IT vs. IV-V; odds ratio [OR] = 7.763, 95% confidence interval
[CI] = 2.177-27.682, P = 0.002) was significantly associated with
a good response (Table 2). In the poor responders group, uni-
variable analysis showed that older age (> 36 months; P = 0.013),
GMEFCS level (IV-V vs. I-1I or III; P = 0.002) and cognitive impair-
ment (cognition DQ < 70; P = 0.039) were significantly associ-
ated with a good response (Table 3). In the multivariable analy-

Mean difference of GMFM-88 score

1§

10 - T

8 8.86

12 -

5.80 .

GMFCS level

Fig. 2. Differences in GMFM-88 score after 8 weeks of intensive therapy according
to the GMFCS level.

GMFM = gross motor function measure, GMFCS = gross motor function classifica-
tion system.

*1+5The post-hoc tests to identify the pairs of means that differ, P < 0.05.
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Table 2. Prognostic factors associated with a good response to intensive therapy in terms of gross motor function (n = 25)

Factors Category No. (%) OR (95% Cl) Pvalue OR (95% Cl) Pvalue
Sex Male 13(25.5) Reference
Female 12 (23.1) 0.877 (0.356-2.160) 0.775
Diagnosis CP 4(8.0) Reference 0.413
Genetic 18 (51.4) 2.118 (0.554-8.089) 0.273
Unknown 3(16.7) 1.853 (0.498-6.897) 0.358
Age, mon <36 20 (27.8) 2.000 (0.674-5.932)
> 36 5(16.1) Reference 0.211
Seizure No 23(35.9 10.378 (2.289-47.059) 6.507 (1.321-32.039)
Yes 2(.1) Reference 0.002 Reference 0.210
GMFCS (=l 18 (51.4) 12.176 (3.602-41.157) 0.000 7.763 (2.177-27.682) 0.002
Il 3(16.7) 2.300 (0.461-11.465) 0.310 1.413 (0.269-7.433) 0.683
V=V 4(8.0) Reference 0.000 Reference 0.002
Cognition <70 16 (19.5) Reference
>70 9(42.9 3.094 (1.113-8.600) 0.030
Rec language <70 16 (20.8) Reference
>70 9(34.6) 2.018 (0.759-5.365) 0.159
GMFCS = Gross Motor Function Classification System, Rec language = receptive language, OR = odds ratio, Cl = confidence interval, CP = cerebral palsy.
Table 3. Prognostic factors associated with a poor response to intensive therapy in terms of gross motor function (n = 26)
Factors Category No. (%) OR (95% Cl) Pvalue OR (95% Cl) Pvalue
Sex Male 3(25.5) Reference
Female 3(25.0) 0.974 (0.400-2.371) 0.954
Diagnosis CP 21 (26.3) Reference 0.848
Genetic 2(18.2) 0.624 (0.125-3.127) 0.567
Unknown 3(25.0) 0.937 (0.231-3.791) 0.927
Age, mon <36 3(18.2) Reference Reference
> 36 3(41.9 3.278 (1.290-8.328) 0.013 2.737 (1.003-7.471) 0.049
Seizure No 4(21.9 Reference
Yes 2(30.8) 1.587 (0.644-3.912) 0.315
GMFCS - 4 (11.4) 0.178 (0.055-0.582) 0.004 0.189 (0.057-0.630) 0.007
i 1(5.6) 0.081 (0.010-0.659) 0.019 0.095 (0.011-0.785) 0.029
V-V 21 (42.0) Reference 0.002 Reference 0.005
Cognition <70 25(30.5) 8.772 (1.115-69.008)
>70 1 (4.8) Reference 0.039
Rec language <70 22 (28.6) 2.200 (0.680-7.120)
>70 4 (15.4) Reference 0.188

GMFCS = Gross Motor Function Classification System, Rec language = receptive language, OR = odds ratio, Cl = confidence interval, CP = cerebral palsy.

sis, older age (= 36 months; OR = 2.737, 95% CI = 1.003-7.471,
P =0.049) and GMFCS level (I-II vs. IV-V; OR = 0.189, 95% CI =
0.057-0.630, P = 0.007; and I vs. IV-V; OR = 0.095, 95% CI = 0.011-
0.785, P = 0.005) were significantly associated with a poor out-
come (Table 3).

Botulinum toxin injection, during or 1 month before the in-
tensive rehabilitation program, was not associated with a better
GMFM-88 score among 73 spastic CP children, with a mean
difference in score, pre- vs. post-treatment course, of 3.89 + 2.36
and 3.85 + 3.22 in the injection (n = 19) and non-injection groups
(n = 54), respectively (P = 0.962).

DISCUSSION

Previous studies have shown that intensive PT can have an ef-
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fect in developmentally delayed children, including CP patients
(5-9,13-16). Our results showed a significant change in GMFM-
88 score, of 4.67 + 3.93, after 8 weeks of therapy. However, there
is no absolute value of GMFM score change by which to define
the success or failure of the treatment. According to the GMFM
user’s manual, mean score changes of 5.2% and 7.0%, accord-
ing to the ratings of parents and therapists, respectively, on the
GMFM-88 correspond to a moderately positive functional change.
Concerning gross motor function change, parents judged a small
positive change with a mean of 2.7% and therapists judged a
small positive or no change with a mean of 1.3% (17). In one
study, a + 4% change in GMFM score was considered a clini-
cally significant change (6). Therefore, in the present study, good
and poor response groups were defined by GMFM-88 change
score quartile: those in the top 25th percentile were considered
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good responders and those in the bottom 25th percentile were
considered poor responders. The mean difference in GMFM-
88 scores, pre vs. post intervention, in the good response group
was 6.18%, which exceeded the threshold for a moderately pos-
itive change (according to parents’ ratings) described in the us-
er’s manual. The mean change in GMFM-88 scores in the poor-
response group was 2.24%. A change of less than 1.3%, indica-
tive of a small positive or no change (according to therapists’
ratings), was observed in 16 children (15.6%). The majority (93.8%,
15/16) of these patients had a GMFECS level of IV or V; the re-
maining patient was GMFCS level III.

Our results consistently showed that ambulatory children
had a better response to the intensive treatment program com-
pared to non-ambulatory children. This indicates that the main
factor affecting the impact of intensive therapy on gross motor
function is GMFCS level. Children with GMFECS levels of I-II
were significantly more likely to be good responders, and less
likely to be poor responders, compared to those with GMFCS
levels of IV-V. In an individualized analysis, children with a GM-
FCS level of I showed the best outcomes, followed by those with
levels I, III, IV, and V. Children with a GMFCS level of I showed a
significantly better response compared to those of level V, but
no significant difference compared to those with levels of III
and IV. Because of a measurement ceiling effect, GMFCS level I
children may have showed less change compared to those of
level I1.

The development of gross motor function plateaus at around
6 or 7 years of age in CP children, although their final motor abil-
ities and exact ages of functional growth differ according to GM-
FCS level (18,19). The participants in this study were all relative-
ly young (aged below 7 years), and thus still had the potential
for functional motor improvement. Multivariate analysis revealed
that the older children (> 36 months) were more likely to show
a poor response compared to the younger children. However,
this result should be interpreted cautiously, since developmen-
tal changes in gross motor function generally occur much be-
fore 3 years of age. Because there was no control group, it is dif-
ficult to conclude that the intensive program had substantial
effects on gross motor function over and above natural devel-
opment, or non-intensive therapy, although a significant change
in score was observed by the end of the 8 week program. Because
of ethical issue, it is difficult to conduct a randomized controlled
study about intensive therapy vs. no-therapy. Most studies were
conducted by comparing different programs or with cross-over
design. In a study comparing 4-week intensive training programs
for CP children aged between 3 and 16 years, small improve-
ments in gross motor function were seen regardless of the pro-
gram (6). In a study that included 5 infants ( < 1 year of age) new-
ly diagnosed with CP, the effect of intensive PT (two 4-week pro-
grams of daily PT separated by 8 weeks of usual PT) was incon-
clusive (8). Further studies may be required to ascertain if there
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is any additive effect of intensive rehabilitation therapy in ac-
tively developing children.

At present, botulinum toxin A is commonly used to control
spasticity in children with CP, and there is sufficient evidence to
support botulinum toxin A injection into spastic muscles (20,21).
This improves gait pattern and function by reducing spasticity
in ambulatory children with spastic CP (21-23). Unexpectedly,
botulinum toxin injection into the muscles of the lower extrem-
ities did not have any additional effect on GMFM score improve-
ment among the spastic CP children included in the present
study. However, only 26% (19/73) of our patients received an
injection; this relatively small number of patients may have con-
tributed to the lack of effect. Furthermore, the majority of chil-
dren (12/19, 63%) who underwent injections had GMFCS levels
of IV-V (6 patients were level I-1I [31%)], and 1 was level III). In a
systematic review by Pin et al. (24), most studies on the use of
botulinum toxin A in children with severe CP (GMFCS levels of
IV-V) were of poor methodological quality and the evidence of
beneficial effects was limited. However, botulinum toxin A was
found to be beneficial in terms of the ease of care and comfort
of non ambulatory children (25). Our study evaluated only gross
motor function and not pain, comfort, or ease of care. Thus, we
were unable to identify any other positive effect of botulinum
toxin injections.

Epilepsy is accompanied in 32.5% of children with CP, and
epilepsy and intellectual impairment are common comorbidi-
ties (26). Comorbidities including seizures are more common
in non ambulatory children; namely, those with GMFCS levels
of IV-V (26,27). The prevalence of epilepsy was 37.9% among all
participants in the present study, rising to 48.5% in non ambu-
latory children; these data are not different to those of previous
reports. Seizure itself and anti-epileptic drugs have detrimental
effects on motor and cognitive function (28). In the present study,
seizure disorder comorbidity had a significant detrimental ef-
fect on rehabilitation treatment effectiveness in the univariate,
but not the multivariate, analysis.

This study has some limitations. First, the GMFM-88 was ap-
plied to measure gross motor function not only in patients with
CP, but also in children with other genetic disorders and devel-
opmental delay of unknown etiology. Although the GMFM-88
has been applied to various groups of children with motor diffi-
culties (29,30), it has been validated for use only in children with
CP and Down’s syndrome. Second, there was no control group;
thus, although our results indicate that the intensive rehabilita-
tion programs improved gross motor function, we do not know
how significant this improvement would have been compared
to non-intensive treatment or natural growth. The patients were
relatively young, with a mean age of 31.09 + 14.53 months, and
their growth curves pertaining to gross motor function showed
relatively steep slopes. Third, there was no follow-up evaluation
after the intensive rehabilitation program and observation peri-
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od was relatively short. Therefore, the persistence of the effects
and long-term effects remains unknown.

In this study, a change in the gross motor function (4.67 + 3.93),
measured by GMFM-88 was observed after 8 weeks of intensive
rehabilitation therapy in children with developmental delay,
including CP. However, additive impact including cost effec-
tiveness compared to usual therapy or non-therapy is inconclu-
sive due to lack of control group. Although there were several
limitations, our results have implications with respect to prog-
nostic factors of intensive rehabilitation therapy in children show-
ing developmental delays. GMFCS level is the most important
prognostic factor of intensive therapy for gross motor function,
in children with CP or developmental delay due to miscellaneous
causes. In addition, children aged more than 36 months are more
prone to poor gross motor outcomes compared to children young-
er than 36 months.
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