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Philosophical context of clinical epidemiology design in this thesis 

1. Research questions included in this thesis 

1. What are prognostic predictors for ambulation in Thai children with CP? 

2. What are prognostic predictors that predict walking ability in children with CP when using 

a systematic review? 

 3. Is it possible to develop a prognostic scoring scheme for predicting ambulatory status in 

Thai children with CP from those prognostic predictors? 

2. Research titles 

Study I 

Prognostic predictors for ambulation in Thai children with cerebral palsy aged 2 to 18 years  

Study II 

Prognostic predictors for ambulation in children with cerebral palsy: a systematic review and 

meta-analysis of observational study  

Study III 

Derivation of an ambulatory score chart for Thai children with cerebral palsy aged 2–18 

3. Theoretical design 

All three studies are clinical epidemiology research under prognostic both causal and prediction 

theoretical design predicting event from determinants. There are three main areas of prognostic 

research.  Occurrence relation can be written as 

 Causal research  

Outcome (y) = f (x1 + x2 + x3 … xn | confounders) or 

Outcome (y) = f (prognostic predictors x’s | confounders) 

  Example: Ambulatory status  = f(gender + antibiotics + hyperbilirubinemia + 

gestational age + birth weight + type of CP + epilepsy + gross motor skills + intellectual disability 

+ visual impairment + hearing impairment + hand use + eating + speech | age + surgical 

intervention) 
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 Prediction research  

Outcome (y) = f (x1 + x2 + x3 … xn) or 

Outcome (y) = f (prognostic predictors x’s) 

  Example: Ambulatory status  = f (age + gender + caregiver + BMI + antibiotics +  

hyperbilirubinemia + gestational age + birth weight + type of CP + epilepsy + gross motor skills + 

intellectual disability + visual impairment + hearing impairment + hand use + eating + speech) 

3.1 Prognostic causal research 

This type of research explains or evaluates prognostic characteristic from routine data. 

In this thesis, study I and study II are under this topic. There are two abilities that can be 

measured; prognostic causal research and systematic review of observational study. In study I, 

prognostic predictors for ambulation in Thai children with cerebral palsy were investigated from 

prognostic causal research. 

Occurrence relation: 

Pr (prognostic outcome) =  f (prognostic predictors x’s | confounders) 

Pr (ambulatory status)  = f (type of CP + sitting independently at age 2 years  

+ eating independently | age + surgical intervention) 

In study II, prognostic predictors for ambulation in Thai children with cerebral palsy were 

investigated from systematic review and meta-analysis for observational study (cross-sectional, 

case control, and cohort study) according to Meta-analysis Of Observational Studies in 

Epidemiology (MOOSE) group.1  

3.2  Prognostic prediction research (Clinical prediction rule) 

A clinical prediction rule is a set of model with a combination of prognostic predictors 

that have statistically significance from study I. Study III in this thesis aimed to develop an 

ambulatory score chart for Thai children with cerebral palsy. 

Occurrence relation: 

Pr (prognostic outcome)  = f (prognostic predictors x’s) 

Pr (ambulatory status)    = f (age + type of cp + sitting independently at age 2  

+ eating independently) 
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4. Data collection design 

4.1 Study design  

Two studies in this thesis are an extended retrospective cohort study. One study is 

systematic review and meta-analysis for observational study.  

4.2 Data collection process 

Study I and study III: Retrospective cohort study 

The medical and physical therapy records of children with CP were retrospectively 

reviewed from 2008 to 2013. They were registered and treated at six special schools or hospitals 

for children with physical disability in northeastern and northern Thailand. They were recruited 

if aged 2 to 18 and have been diagnosed by physicians or physiotherapists. The following were 

the reasons for the children to be excluded from the study: the children being duplicated 

between settings, not meeting the inclusion criteria, not being diagnosed during the early years 

of life (>2 years), unable to contact the parents or caregivers, death, and declining to participate. 

Study II: Systematic review and meta-analysis for observational study 

This study followed the meta- analysis of observational studies in epidemiology 

(MOOSE)1 and preferred reporting items for systematic review and meta- analysis protocol 

(PRISMA- P) guidelines.2 A systematic literature search was performed in PubMed, SCOPUS, 

CINAHL, ProQuest, Ovid, Wiley InterScience, and ScienceDirect databases. These databases were 

searched from their start dates to December 2015. A search strategy was developed and 

adapted for each database with a combination of free text and controlled vocabulary terms. This 

search employed the Medical Subject Headings (MeSH) “cerebral palsy”, “predict*”, and 

“ambula*”, and explored these keywords with slight modifications based on the source. 
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4.3  Study flow 

Flow chart of retrospective cohort study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

Children and youth with CP aged 2–18 years registered and treated during 2008 to 2013 
in northeastern and northern Thailand (n=681) 

 
 
 

Patients recruited and providing informed consent 
(n=630) 

Assessed GMFCS (n=533) 
(interviewed on site: 231;  

on telephone: 274; via mail: 28) 
 

Excluded (n=51): 
- 45 Duplicates 
- 5   Did not meet inclusion criteria  
- 1   Not diagnosed before age 2 
 

Excluded (n=97): 
- 82 Unable to contact the parents or 
caregivers 
- 14 Died 
- 1   Declined to participate 

Study I (n=533)  
 
 

Study III (n=471)  
 

All 
Excluded (n=62):  
Missing data 
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Flow chart of systematic review and meta-analysis for observational study 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Data analysis design 

5.1 Prognostic causal research  

Statistical analysis will be performed using STATA Statistical software Release 11.0 

(Stata Corporation, College Station, TX) as follows: 

  1) Baseline Characteristics and clinical history data of participants were described by 

descriptive statistics: frequencies, percentages, mean, and standard deviation according to the 
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Records identified through database 
searching  

(n = 1,075) 

Additional records identified through 
other sources  

(n = 48) 

Records after duplicates were removed  
(n = 850) 

Records screened  
(n = 850) Records excluded (n = 827) 

817 Not relevant 
    7 Not original articles 
    3 Not children with CP 

Full-text articles assessed for 
eligibility  
(n = 23) 

Full-text articles excluded,  
with reasons (n = 11) 

1 Cannot be translated into 
 English language 
3 Unable to access full-text 
5 Did not answer research 
questions 
1 Participants aged > 18 years 
1 Did not report definition and 

 measurement for outcome 

Studies included in 
qualitative synthesis  

(n = 12) 

Full-text articles excluded,  
with reasons (n = 4) 

2 Did not report effect estimates 
 or information was 
 insufficient to compute effect 
 estimates 
1 Duplicated data 
1 Different scales 

Studies included in 
quantitative synthesis 

(Meta-analysis) 

(n = 8) 
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3 ambulatory statuses. Nonparametric tests for trend across ordered groups were applied to the 

different distributions. 

 2) Ambulatory status of children with CP were estimated using descriptive and 

inferential statistics: frequencies, percentages, and 95% confident interval. 

  3) The univariable analysis was used to identify the association between independent 

factors and ambulatory status by univariable ordinal continuation ratio logistic regression 

analysis. 

  4) Candidate predictors with the p-value <0.2 were selected to multivariable ordinal 

logistic regression analysis using backward elimination method with adjusting for covariate 

factors. 

  5) The proportional odds assumption for the ordinal logistic regression models were 

tested using the Brant test of parallel regression3, with a violation considered when p-value 

<0.05. 

  6) The possible interactions were considered.  

  7) Cumulative odds ratios (cumulative OR) with 95% Confidence interval were presented 

for the results and the level of significance were set at p-value 0.05. 

5.2 systematic review and meta-analysis for observational study 

 Meta-analysis is performed using an ambulatory status as binary outcome (ambulation 

and non-ambulation).  The pooled relative risk (RR) with 95% CIs for predicting of ambulatory 

status were calculated using random-effects model.4 The presence of heterogeneity was 

assessed using the Cochran’s Q-test when p-value <0.10 is considered evidence of 

heterogeneity. And I2 is used to describe which quantifies the effect of heterogeneity, which 

describes the percentage of total variation across studies of heterogeneity rather than chance. 

Value of 0% indicates no observed heterogeneity, and larger values show increasing 

heterogeneity.5, 6 Thresholds for the interpretation of I2 depend on several factors. In this study, 

the criteria according to Cochrane Handbook7, this is described as follows:  

0% to 40%: might not be important; 

30% to 60%: may represent moderate heterogeneity; 

50% to 90%: may represent substantial heterogeneity; 

75% to 100%: considerable heterogeneity. 
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If heterogeneity existed, attempts to explore the sources of heterogeneity were made. 

Publication bias was assessed using Egger's test of asymmetry tests with a visual inspection of 

the funnel plot. The shape of asymmetry, which indicates the existence of bias and p-value <0.05 

in publication bias tests, was suggestive of publication bias. Forest plots were generated to show 

RRs with corresponding CIs for each study and the overall random effects pooled estimate. 

Potential sources of heterogeneity were further explored by visual inspection of the data and 

forest plot, and subgroup analyses. Finally, sensitivity analyses were used to investigate the 

robustness of the pooled results. All analysis will be conducted using STATA Statistical software 

Release 11.0 (Stata Corporation, College Station, TX). 

5.3 Prognostic prediction research (Clinical prediction rule) 

Statistical analyses were performed using STATA Statistical software Release 11.0 

(Stata Corporation, College Station, TX) as follows: 

  1) Regression coefficients of potential predictors (from study I) were converted into 

scores, which are added to the total score for each subject. 

  2) The total scores were used to represent the summary measure of predicting 

ambulatory children with cerebral palsy. 

  3) The receiver operating characteristic (ROC) was used to assess the probability of the 

total score showed ambulatory status. 

  4) The Hosmer and Lemeshow chi-square goodness of fit test8, are available that 

compare how well the predicted probabilities fit with the actual probabilities. 

  5) Score-classified ambulatory statuses were compared to criterion-classified 

ambulatory statuses to indicate the estimation validity by percentage of agreement.  

  6) The level of significance were set at p-value 0.05. 

6. Power of analysis 

The number of examinable events per variable was 23 (186/8), which should be at least 10, 

according to the rule of thumb. These results show that this thesis had sufficient statistical 

power and performance to determine predictors. The power analysis test is shown by G*Power 

program as follows.9 
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For multivariable model with independent eating is the least effect size with odds ratio 2.59 

(see Table 4.2) 

Options: Large sample z-Test, Demidenko (2007) with var corr 

Analysis: Post hoc: Compute achieved power 

Input: Tail(s) = Two 

Odds ratio = 2.59 

Pr(Y=1|X=1) H0 = 0.1 

α err prob = 0.05 

Total sample size = 533 

R² other X = 0.417 

X distribution = Binomial 

X parm π = 0.61 

Output: Critical z = 1.9599640 

Power (1-β err prob) = 0.8031834 
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Original Article

Prognostic Predictors for Ambulation
in Thai Children With Cerebral Palsy
Aged 2 to 18 Years

Orawan Keeratisiroj, MPH1,2, Nuanlaor Thawinchai, PhD3,
Wantana Siritaratiwat, PhD4, and Montana Buntragulpoontawee, MD5

Abstract
The objectives of this study were to determine prognostic predictors for ambulation among Thai children with cerebral palsy and
identify their ambulatory status. A retrospective cohort study was performed at 6 special schools or hospitals for children with
physical disabilities. The prognostic predictors for ambulation were analyzed by multivariable ordinal continuation ratio logistic
regression. The 533 participants aged 2 to 18 years were divided into 3 groups: 186 with independent ambulation (Gross Motor
Function Classification System [GMFCS I-II]), 71 with assisted ambulation (Gross Motor Function Classification System III), and
276 with nonambulation (Gross Motor Function Classification System IV-V). The significant positive predictors for ambulation
were type of cerebral palsy (spastic diplegia, spastic hemiplegia, dyskinesia, ataxia, hypotonia, and mixed type), sitting indepen-
dently at age 2 years, and eating independently. These predictors were used to develop clinical scoring for predicting the future
ability to walk among Thai children with cerebral palsy.

Keywords
ambulation, cerebral palsy, motor function, prognostic predictor
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Cerebral palsy is a range of nonprogressive disorders of pos-

ture and motor impairment.1 The prevalence of cerebral palsy

is about 1 to 3 per 1000 live births in Europe.2,3 This preva-

lence increases to 40 to 100 per 1000 live births among infants

born prematurely or of low birth weight; this rate is likely to

increase.4,5 However, cerebral palsy prevalence has been

observed to be lower in Asians than among Europeans,

although the cause has yet to be explained.6-8

Several conceptual models of disability—most prominently

and recently, the World Health Organization’s International

Classification of Functioning, Disability, and Health9—have

shifted the primary focus of treatment for cerebral palsy to the

level of activity and participation of the individual patient. One

of the treatment goals is to ensure that patients can ambulate

and take care of themselves independently.10 Most parents of

children with cerebral palsy want to know its severity and

whether their children will walk independently. However, pre-

dicting ambulatory outcome in these children is difficult

because several factors can influence ambulatory status during

a child’s growth.

The factors to predict ambulation in children with cerebral

palsy have been informed for decades by Sala and Grant.11 The

factors are divided into 3 main groups: (1) primitive reflexes

and postural reactions, (2) gross motor skills, and (3) type of

cerebral palsy. In addition to these factors, other factors (eg,

epilepsy, intellectual disability, visual impairment, and hearing

impairment) have been considered in several studies,12-22

although with no consensus to date on their contribution. Some

previous studies about predictors of ambulation in children

with cerebral palsy had a relatively small number of patients

recruited from a single clinic,12,13,18,20,21,23 studied only a sub-

group of cerebral palsy,12,15,20,23 and/or used only univariable

analysis,12,19-22 with sometimes conflicting results.
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Previous studies differing on the definition of ‘‘ambula-

tion’’ made comparisons difficult. In addition, important

operational definitions did not provide enough information

to determine whether the term ‘‘ambulation’’ can be used to

achieve the function. The Gross Motor Function Classifica-

tion System is the functional assessment that has been widely

accepted.24 However, only 2 recent studies used this to clas-

sify ambulatory status.12,22

The objectives of the present study were to determine prog-

nostic predictors for ambulation after 2 years of age in Thai

children with cerebral palsy and to identify ambulatory status

according to the Gross Motor Function Classification System.

Methods

Recruitment

A retrospective cohort study was carried out at 6 special schools or

hospitals for children with physical disabilities in northeastern and

northern Thailand, including Rajanagarindra Institute of Child Devel-

opment, Chiang Mai Province, Srisangwanchiangmai School, Sri-

sangwankhonkaen School, Special Education Center Region 7,

Special Education Center Region 8, and Special Education Center

Region 9. All children with cerebral palsy registered at the 6 selected

hospitals or special educational schools and centers during the period

from 2008 to 2013 were recruited (681 children). To be included in the

study, the children had to be 2 to 18 years old and diagnosed with cer-

ebral palsy by a physician or a physiotherapist, with the cerebral palsy

first appearing before age 2. After eliminating duplicates and those not

meeting the inclusion criteria, 630 participants were enrolled, and they

provided informed consent. This number was subsequently reduced to

533 participants because some participants could not be evaluated

using the Gross Motor Function Classification System (Figure 1).

Measures

The Gross Motor Function Classification System–expanded and revised

version25,26 was used to classify the ambulatory status. The Gross Motor

Function Classification System–expanded and revised version family

and self-report questionnaires (Thai version) have been licensed for

translation into Thai by Siritaratiwat and Thomas.27,28 This tool has 5

locomotor scales for each age group: I, walks without limitations; II,

walks with limitations; III, walks using a hand-held mobility device;

IV, self-mobility with limitations, or may use powered mobility; and

V, transported in a manual wheelchair. The ambulatory status was clas-

sified as 3 ordinal groups: (1) independent ambulation (Gross Motor

Function Classification System I-II), (2) assisted ambulation (Gross

Motor Function Classification System III), and (3) nonambulation

(Gross Motor Function Classification System IV-V).

The baseline characteristics (age, gender, weight, height, and care-

giver) and clinical data (type of cerebral palsy, gestational age, birth

weight, hyperbilirubinemia, epilepsy or seizure, sitting independently

at age 2 years, intellectual disability, visual impairment, hearing

impairment, hand function, eating, speech, medication, history of

orthopedic surgery, and orthotics use) were reviewed from the medical

and physical therapy records. These were confirmed by interview on

site, on telephone, or via mail. Accompanying impairments were

obtained through interview with the child’s caregivers or observation

of the child when possible, just to make sure whether the child has dis-

ability. Some baseline and clinical data, including gender, body mass

index, type of cerebral palsy, gestational age, birth weight, hyperbilir-

ubinemia, epilepsy or seizure, sitting independently at age 2 years,

intellectual disability, visual impairment, hearing impairment, hand

function, eating, and speech, were analyzed as factors predicting

ambulation. Age and history of orthopedic surgery were treated as

confounding factors.

Data Analysis

Statistical analyses were performed using Stata statistical software,

release 11.0 (Stata Corporation, College Station, TX). In our data,

some independent variables were missing values. We assumed that the

missing data were missing completely at random, and tested this by

comparing whether the means or proportions of each variable between

groups were missing or not.29,30 As no significant differences between

groups were evident, the data were missing completely at random,

allowing us to use complete-case analysis in data analysis.31 Descrip-

tive statistics were used to characterize participants according to the 3

ambulatory statuses. Nonparametric tests for trend across ordered

groups were applied to the different distributions. The outcomes were

estimated using descriptive and inferential statistics: frequencies, per-

centages, and 95% confidence interval. Univariable ordinal continua-

tion ratio logistic regression analysis was used to identify the

association between each independent factor and ambulatory status.

Variables that had P values�.20 were selected as candidate predictors

for the multivariable ordinal continuation ratio logistic regression

analysis using backward elimination and adjusting for covariate fac-

tors. We considered possible interactions and presented the crude and

adjusted odds ratios with 95% confidence interval for the results. All

levels of significance were set at P ¼ .05.

Results

A total of 533 children with cerebral palsy were included, and

their levels of Gross Motor Function Classification System were

classified into 3 groups: (1) independent ambulation (n ¼ 186),

(2) assisted ambulation (n ¼ 71), and (3) nonambulation (n ¼
286). Table 1 shows a comparison of the baseline characteristics

Children and youth with CP aged 2–18 years registered and treated
during 2008 to 2013 in northeastern and northern Thailand (n=681)

Patients recruited and providing informed 
consent (n=630)

Assessed GMFCS (n=533)
(interviewed on site: 231; on 
telephone: 274; via mail: 28) 

Excluded (n=51): 
- 45 Duplicates 
- 5   Did not meet inclusion criteria  
- 1   Not diagnosed before age 2 

Excluded (n=97): 
- 82 Unable to contact the parents 
or caregivers 
- 14 Died 
- 1   Declined to participate 

Figure 1. The flow chart of patients included in the study.
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and the clinical history between the groups of participants. The

most common type of cerebral palsy in the independent ambula-

tory group was spastic hemiplegia (51.7%); in the assisted ambu-

latory group, the most common type was diplegia (52.3%); and

in the nonambulatory group, the most common type of cerebral

palsy was quadriplegia (48.9%). There were no statistically sig-

nificant differences in gender, caregiver, gestational age, birth

weight, hyperbilirubinemia, intellectual disability, hearing

impairment, and orthotics use between the groups.

Table 2 lists the 5 levels of ambulatory status from Gross

Motor Function Classification System. Of the children with

cerebral palsy, the Gross Motor Function Classification System

IV group presented 27.8% (95% confidence interval ¼ 24.0-

31.8) and the Gross Motor Function Classification System V

Table 1. Baseline Characteristics and Clinical History Comparison Between Groups.

Variables
Nonambulationa

(n ¼ 276)
Assisted ambulationa

(n ¼ 71)
Independent ambulationa

(n ¼ 186) P valueb

Age (y) 8.7 + 4.2 10.7 + 4.2 11.1 + 4.0 <.001
Male gender 153 (55.4) 40 (56.3) 112 (60.2) .316
Body mass index (n ¼ 456) 15.0 + 3.4 16.1 + 4.2 16.3 + 3.3 <.001
Caregiver .643

Other (foundation, orphanage) 7 (2.5) 4 (5.6) 9 (4.8)
Grandparents 69 (25.0) 16 (22.6) 37 (19.9)
Parents 200 (72.5) 51 (71.8) 140 (75.3)

Type of cerebral palsyc (n ¼ 503) <.001
Spastic quadriplegia 131 (48.9) 7 (10.8) 3 (1.8)
Spastic diplegia 61 (22.8) 34 (52.3) 48 (28.2)
Spastic hemiplegia 15 (5.6) 13 (20.0) 88 (51.7)
Dyskinesia 33 (12.3) 4 (6.2) 18 (10.6)
Ataxia 0 (0) 3 (4.6) 10 (5.9)
Hypotonia 7 (2.6) 1 (1.5) 1 (0.6)
Mixed 21 (7.8) 3 (4.6) 2 (1.2)

Gestational age (wk) (n ¼ 511) 35.6 + 4.3 34.9 + 4.6 35.8 + 3.8 .904
Extremely preterm (<28) 13 (4.9) 7 (10.3) 7 (3.9)
Very preterm (28 to <32) 50 (18.9) 13 (19.1) 30 (16.8)
Moderate to late preterm (32 to <37) 34 (12.9) 4 (5.9) 21 (11.7)
Normal (�37) 167 (63.3) 44 (64.7) 121 (67.6)

Birth weight (g) (n ¼ 506) 2520.6 + 800.1 2447.4 + 798.1 2595.1 + 802.5 .436
No hyperbilirubinemia (n ¼ 511) 203 (76.0) 57 (82.6) 128 (73.1) .560
No epilepsy/seizure (n ¼ 527) 129 (46.9) 50 (71.4) 102 (56.0) .031
Maximal motor milestone achieved at present <.001

Does not roll 63 (22.8) 0 (0) 0 (0)
Rolls 84 (30.4) 3 (4.2) 2 (1.1)
Sits without support 110 (39.9) 38 (53.5) 15 (8.1)
Pulls to stand 19 (6.9) 30 (42.3) 169 (90.8)

Sitting independently at age 2 (n ¼ 500) 29 (10.7) 37 (58.7) 138 (83.1) <.001
No intellectual disability 227 (82.2) 59 (83.1) 139 (74.7) .056
No visual impairment 224 (81.2) 65 (91.5) 172 (92.5) <.001
No hearing impairment 264 (95.6) 67 (94.4) 180 (96.8) .587
Have functional use of hands 188 (68.2) 70 (98.6) 184 (98.9) <.001
Eating independently 101 (36.6) 61 (85.9) 165 (88.7) <.001
Speech (can say single words, sentences) 116 (42.0) 57 (80.3) 147 (79.0) <.001
Medication (oral/focal) (n ¼ 527) 219 (80.2) 43 (60.6) 119 (65.0) <.001
History of orthopedic surgery (n ¼ 522) 20 (7.3) 17 (23.9) 28 (15.6) .004
Orthotics use (n ¼ 519) 97 (35.3) 30 (42.9) 52 (29.9) .302

aThe data shows n (%) for categorical data and mean + standard deviation for continuous data.
bTrend test across ordered groups.
cSpastic quadriplegia included spastic triplegia; spastic diplegia included spastic paraplegia; spastic hemiplegia included spastic monoplegia and spastic double
hemiplegia; and mixed type included spastic athetosis and spastic ataxia.

Table 2. Ambulatory Status of Children With Cerebral Palsy
(n ¼ 533).

GMFCS
level Ambulatory status n (%) 95% CI %

I Independent ambulation
(I-II)

108 (20.3) 16.9-23.9 34.9 (I-II)

II 78 (14.6) 11.7-17.9
III Assisted ambulation (III) 71 (13.3) 10.6-16.5 13.3 (III)
IV 148 (27.8) 24.0-31.8
V Nonambulation (IV-V) 128 (24.0) 20.4-27.9 51.8 (IV-V)

Abbreviations: CI, confidence interval; GMFCS, Gross Motor Function
Classification System.
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group presented 24.0% (95% confidence interval ¼ 20.4-27.9)

of severe mobility restrictions in the entire sample. The results

of univariable and multivariable ordinal continuation ratio

logistic regression are shown in Table 3. Only the 3 strongest

positive predictors of ambulatory status were selected for use

in the last multivariable model, after adjusting for confounders

(current age and history of orthopedic surgery). These 3 predic-

tors were the following: (1) type of cerebral palsy, including

spastic diplegia, spastic hemiplegia, dyskinesia, ataxia, hypoto-

nia, and mixed type; (2) sitting independently at age 2 years;

and (3) eating independently.

Discussion

In this retrospective cohort study of Thai children with cere-

bral palsy, we found that the prognostic predictors for ambu-

lation were types of cerebral palsy (spastic diplegia, spastic

hemiplegia, dyskinesia, ataxia, hypotonia, and mixed type

compared to spastic quadriplegia), sitting independently at

age 2 years, and eating independently. In addition, our study

also found that of the Thai children with cerebral palsy aged

2 to 18 years in our sample, 34.9% were capable of indepen-

dent ambulation, 13.3% were dependent on assisted ambula-

tion, and 51.8% were affected with nonambulation.

These predictors in our study confirmed the findings of pre-

vious studies. The type of cerebral palsy has been considered as

a predictor of ambulation since Sala and Grant,11 in 1995. In

addition, Montgomery14 concluded that spastic hemiplegia was

the best predictor of ambulation in children, whereas children

with spastic diplegia were most likely to require an assistive

device, and those with spastic quadriplegia had the worst prog-

nosis for ambulation. This conclusion is consistent with the

findings of our study: most of the cerebral palsy children in the

independent ambulatory group had spastic hemiplegia; in the

assisted ambulatory group, most of the cerebral palsy children

had spastic diplegia; and in the nonambulatory group, most of

the cerebral palsy children had spastic quadriplegia. Therefore,

spastic quadriplegia was selected as the reference group to

compare with others in our study. Other types of cerebral palsy,

including dyskinesia, ataxia, hypotonia, and mixed, were

smaller and they rarely got discussed. We found that ataxia has

a better prognosis than the others; all 13 ataxic children in our

study walked with assistance or independently. This concurs

with the findings of Wu et al,16 who found that ataxic cerebral

palsy has a better prognosis for ambulation than spastic and

dyskinetic cerebral palsy.

The ability to sit independently by age 2, in this study, was a

strong predictor for ambulation, as with previous stud-

ies.13,16,20,22 Montgomery14 reviewed the literature to identify

predictors of ambulation in children with cerebral palsy, in the

years 1970 to 1995; he concluded that the best gross motor

skills to predicting ambulation was sitting. Later studies con-

firmed that the ability to sit without support at 2 years of age

was a good prognosis for ambulation.15,16,22 Previous studies

also examined different ages (1 year and 3 years) for sitting

independently.21,32

Table 3. Univariable and Multivariable Analysis of Predictors for Ambulatory Status.

Predictors ORcrude (95% CI)a P value ORadjusted (95% CI)b,c P value

Type of cerebral palsyd

Spastic quadriplegia 1.00 1.00
Spastic diplegia 13.10 (6.94-24.76) <.001 8.96 (3.47-23.16) <.001
Spastic hemiplegia 62.89 (31.08-127.25) <.001 44.44 (16.19-121.97) <.001
Dyskinesia 10.64 (5.13-22.04) <.001 12.28 (4.39-34.36) <.001
Ataxia 70.57 (18.49-269.37) <.001 101.81 (16.87-614.47) <.001
Hypotonia 3.81 (0.90-16.21) .070 10.56 (1.99-55.95) .006
Mixed 2.99 (1.08-8.27) .035 4.59 (1.24-16.99) .023

Sitting independently at age 2 13.96 (9.60-20.31) <.001 7.74 (4.83-12.40) <.001
Eating independently 7.47 (5.19-10.77) <.001 2.59 (1.44-4.64) .001
Male gender 1.17 (0.87-1.56) .302 Not selected
Body mass index 1.09 (1.04-1.14) .001 Not selected
Gestational age 1.01 (0.98-1.05) .484 Not selected
Birth weight 1.00 (1.00-1.00) .285 Not selected
No hyperbilirubinemia 0.86 (0.61-1.21) .384 Not selected
No epilepsy/seizure 1.25 (0.93-1.67) .141 Not selected
No intellectual disability 0.69 (0.48-0.99) .043 Not selected
No visual impairment 2.22 (1.40-3.52) .001 Not selected
No hearing impairment 1.29 (0.62-2.67) .492 Not selected
Have functional use of hands 24.42 (9.74-61.22) <.001 Not selected
Can say single words, sentences 3.41 (2.48-4.69) <.001 Not selected

Abbreviations: CI, confidence interval; OR, odds ratio.
aUnivariable ordinal continuation ratio logistic regression.
bMultivariable ordinal continuation ratio logistic regression.
cAdjusted for covariate (current age and history of orthopedic surgery).
dSpastic quadriplegia included spastic triplegia; spastic diplegia included spastic paraplegia; spastic hemiplegia included spastic monoplegia and spastic double
hemiplegia; and mixed type included spastic athetosis and spastic ataxia.
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Finally, this study found that eating independently (func-

tional use of the hands with no oromotor dysfunction) was a

significant predictor for ambulation. More recent studies have

looked at accompanying impairments. In one large study of

children with cerebral palsy who were not yet walking at 2

years of age,16 the ability to feed themselves was a univariable

predictor for ambulation, but not a multivariable predictor.

Kulak et al19 found that more than half of the nonambulatory

group were eating with assistance. It is well known that chil-

dren with cerebral palsy are associated with poor growth, the

main reason being feeding problems.18,33 The ability to eat,

therefore, affects the gait of these children.

This study found other variables (body mass index, intel-

lectual disability, visual impairment, hand function, and

speech) that are associated with ambulatory status in univari-

able analysis. However, these variables were not statistically

significant predictors for the multivariable model. Some pre-

vious research studies have found that these variables are

related to walking ability. It has long been known that intel-

lectual disability is a factor determining lack of independent

walking of children with cerebral palsy.13,15,17,21,22 Several

studies have shown an association between visual acuity and

ambulation in children with cerebral palsy.15-17 As with our

results, Wu et al16 found that increasing hand function was

associated with achieving ambulation in univariable analysis

but not in multivariable analysis. It is likely that hand function

is connected with other covariates, such as the ability to eat

independently, so we did not find this correlation. Addition-

ally, Kulak et al19 reported that lack of speech development

was a predictor for independent ambulation. Some variables,

such as seizure or epilepsy, for which we found no association

with ambulation, were predictors in other studies.12,16,17,22,23

This may be due to our classifying the data into those with a

history of seizures or not, rather than specifying the severity

and frequency of seizures.

The distribution of ambulatory status in this study is not

consistent with reports from several European countries. A

large project of the collaboration ‘‘Surveillance of Cerebral

Palsy in Europe: A Collaboration of Cerebral Palsy Surveys

and Registers’’17 showed that among children with cerebral

palsy at age 5 years, 54% were independently ambulatory,

16% walked with assistance, and 30% could not walk at all.

This is similar to the findings of 2 previous studies which

reported that more than half of children with cerebral palsy

could walk without an assistive device.34,35 In contrast, our

study showed that Thailand had a burden of disability from

nonambulatory children with cerebral palsy. However, our

study was conducted at special schools or hospitals for chil-

dren with physical disabilities. It is possible that most Thai

children with cerebral palsy who can walk independently are

not enrolled or admitted in these institutions.

Routine data were used in this study, so other variables

related to ambulation of children with cerebral palsy, such as

primitive reflexes and postural reactions, were not analyzed.

Additionally, our data seem to be missing completely at ran-

dom. So we are confident that there is no bias because of the

missing data, but its ineffectiveness is important enough

to be taken into consideration.30,36 All the same, we selected

an ordinal continuation ratio logistic regression model, with

the last model missing 11.63% (62/533) of values, so the

complete-case analysis is a good estimation of predictive

performance with the missing completely at random

assumption. The number of examinable events per variable

was 23 (186/8), which should be at least 10, according to

the rule of thumb.37 These results show that our study had

sufficient statistical power and performance to determine

predictors. Differences in measurements are also potential

limitations. The type of cerebral palsy is a subjective mea-

surement, so perhaps assessments vary; for example, chil-

dren classified as quadriplegic by one physician might be

classified as diplegic by another.

The above limitations are offset by the strengths. First, the

ambulatory status was determined by Gross Motor Function

Classification System, which has been examined for interrater

reliability and stability, as well as content, construct, discrimi-

native, and predictive validity.26 In addition, Gross Motor

Function Classification System has been widely used world-

wide and has been translated into more than 20 languages.28

Second, multivariable analysis was used for the predictors,

with covariate factors adjusted. Finally, our samples were

diverse—derived from several locations in northeastern and

northern Thailand and across children with all types of cerebral

palsy—allowing for widely generalized results.

In conclusion, our findings indicate that good predictors for

ambulation among children with cerebral palsy include the type

of cerebral palsy (spastic diplegia, spastic hemiplegia, dyskine-

sia, ataxia, hypotonia, and mixed type), sitting independently at

age 2 years, and eating independently. The children were clas-

sified as follows: capable of independent ambulation (Gross

Motor Function Classification System I-II, 34.9%), dependent

on assisted ambulation (Gross Motor Function Classification

System III, 13.3%), and affected with nonambulation (Gross

Motor Function Classification System IV-V, 51.8%). These

predictors were used to develop the clinical scoring scale for

predicting the ability to walk in future among Thai children

with cerebral palsy. Our results are potentially beneficial in the

long-term treatment and rehabilitation of children with cerebral

palsy in Thailand.
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Prognostic predictors for ambulation in children with cerebral palsy: a systematic
review and meta-analysis of observational studies
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ABSTRACT
Purpose: The purpose of this study is to investigate the prognostic predictors for ambulation in children
with cerebral palsy using meta-analysis of observational studies.
Method: Electronic searches were conducted in PubMed, SCOPUS, CINAHL, ProQuest, Ovid, Wiley
InterScience, and ScienceDirect databases from their start dates to December 2015.
Results: Of the 1123 identified articles, 12 met the inclusion criteria for qualitative synthesis, eight of
which were deemed appropriate for meta-analysis. Qualitative synthesis found that the type of cerebral
palsy, early motor milestones, primitive reflexes and postural reactions, absence of visual impairment,
absence of intellectual disability, absence of epilepsy or seizure, and ability to feed self were indicated as
potential predictors for ambulation. Meta-analysis detected four significant prognostic predictors for
ambulation: sitting independently at 2 years, absence of visual impairment, absence of intellectual disabil-
ity, and absence of epilepsy or seizure.
Conclusion: These prognostic predictors should be taken into consideration in therapeutic plans and
rehabilitation goals, especially sitting independently before the age of 2 years.

� IMPLICATIONS FOR REHABILITATION
� The meta-analysis supports strong evidence that sitting independently at 2 years of age, absence of

visual impairment, absence of intellectual disability, and absence of epilepsy or seizure are positive
predictors for ambulation in children with cerebral palsy.

� The therapeutic plans and rehabilitation goals should be considered cautiously for these predictors,
especially sitting independently before the age of two years.
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Introduction

Cerebral palsy is the most common physical disability in child-
hood.[1,2] Recent data show that the overall prevalence of cere-
bral palsy declined both in the European [3] and Australian [4]
Registers. In addition, the survival rate of at-risk preterm infants
has increased. The prevalence of cerebral palsy was about 2.0 per
1000 live births, as obtained from two systematic reviews.[5,6]

At present, cerebral palsy cannot yet be cured. The main treat-
ment goals as recommended by the World Health Organization
(WHO) [7] take patient level of activity into account, where thera-
pists consider the participation of the individual patient as import-
ant. When the child is diagnosed with cerebral palsy, many
parents wish to know whether their child would be able to walk.
The Gross Motor Function Classification System (GMFCS) [8,9] has
been widely used internationally to classify level of functional
mobility or activity limitation. However, the prognosis of walking
(ambulation) in children with cerebral palsy is difficult because
there are many factors (such as type of cerebral palsy, age, and
impairments) as well as treatments that affect the child’s
development.[10,11]

The predictive factors for ambulation in children with cerebral
palsy have been suggested for decades by Sala and Grant.[12]
These were divided into three main groups: primitive reflexes and
postural reactions, gross motor skills, and the type of cerebral
palsy. In addition, accompanying impairments including epilepsy,
intellectual disability, visual impairment, and hearing impairment
have been mentioned in several studies.[13–20] However, there
was no consensus that these factors may have contributed to the
success of walking independently.

The amount of research for predicting ambulation in children
with cerebral palsy has increased.[14–16,18–26] Yet, no quantita-
tive synthesis of the evidence could be found. There was only a
literature review by Montgomery [13] which concluded from
seven studies that the persistence of primitive reflexes at 18–24
months was poor prognostic predictors for ambulation, while
early motor milestones were the best prognostic predictors.
Therefore, the objective of this study was to identify prognostic
predictors for ambulation in children with cerebral palsy by a sys-
tematic review and meta-analysis of observational studies.
Evidence resulting from this systematic review will be valuable in
supporting appropriate therapeutic plans and rehabilitation goals.
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Methods

Search strategies

We followed the meta-analysis of observational studies in epi-
demiology (MOOSE) [27] and preferred reporting items for system-
atic review and meta-analysis protocol (PRISMA-P) guidelines.[28]
A systematic literature search was performed in PubMed, SCOPUS,
CINAHL, ProQuest, Ovid, Wiley InterScience, and ScienceDirect
databases. These databases were searched from their start dates
to December 2015. A search strategy was developed and adapted
for each database with a combination of free text and controlled
vocabulary terms. This search employed the Medical Subject
Headings (MeSH) “cerebral palsy,” “predict,�” and “ambula,�” and
explored these keywords with slight modifications based on the
source.

The additional strategies were hand searching of journals not
indexed in the electronic sources, web-based searches, and
screening of reference lists of retrieved studies for further poten-
tially relevant articles, with no limitations to the study design and
language. The first reviewer (O.K.) retrieved and performed the pri-
mary screening of the titles and abstracts; a second reviewer (N.T.)
checked for accuracy. If there were disagreements regarding eligi-
bility, the article was judged by a third reviewer (W.S.). Then, the
full-text articles were assessed for eligibility by the same method.

Selection criteria

The inclusion criteria for the current study were as follows: studies
using cross-sectional, case–control, or cohort (including longitu-
dinal studies) designs; the participants consisted of children or
youth from 0 to 18 years of age who were diagnosed with cere-
bral palsy by physicians; definitions and measurements of out-
comes were reported; and either relative risks (RRs) or raw data
were reported to enable their calculation. The exclusion criteria
consisted of the following: articles other than original articles such
as comments, letters, reviews, meta-analyses, case reports, surveys,
or editorials; and articles not reporting effect estimates or with
information that is insufficient to compute effect estimates.

Data extraction, quality assessment, and qualitative synthesis

All the included studies were independently assessed by two
investigators (O.K. and N.T.) using the Newcastle–Ottawa Scale
[29] for assessing the quality of non-randomized studies in meta-
analyses. The score was calculated based on three main compo-
nents: selection (0–4 points), comparability (0–3 points), and out-
come (0–2 points). A higher score represented high
methodological quality. Any disparities between two investigators
were resolved by discussion and consensus.

The first reviewer (O.K.) extracted data for the study setting,
study design, number and characteristics of participants, out-
comes, predictors, and results; a second reviewer (N.T.) checked
for accuracy. Potential predictors were subsequently extracted,
and qualitatively synthesized. From which, the selected potential
predictors were used in quantitative synthesis.

Quantitative synthesis (meta-analysis)

The meta-analysis was performed using ambulatory status as the
binary outcome (ambulation and non-ambulation). The pooled
RRs with 95% CI for predicting ambulatory status were calculated
using random-effects models, which were most suitable for both
random variations within the study and between different

studies.[30] The presence of heterogeneity was assessed using
Cochran’s Q-test: when p< 0.10, it was considered as evidence of
heterogeneity. Furthermore, the effect of heterogeneity was quan-
tified by I2 which describes the percentage of total variation
across the studies of heterogeneity rather than by chance. A value
of 0% indicates no observed heterogeneity, with I2�50% repre-
sent substantial heterogeneity.[31,32]

Publication bias was assessed using Egger’s test for asymmetry
with a visual inspection of the funnel plot.[33] The shape of asym-
metry indicates the existence of bias, and the accompanying
p< 0.05 was suggestive of publication bias. Forest plots were gen-
erated to show RR with corresponding CI for each study and the
overall random-effects pooled estimates. Potential sources of het-
erogeneity were further explored by visual inspection of the data,
forest plots, and subgroup analyses. Finally, sensitivity analyses
were used to investigate the robustness of the pooled results. All
the analyses were conducted using STATA Statistical Software
Release 11.0 (Stata Corporation, College Station, TX).

Results

Study selection and characteristics

A total of 1123 potentially relevant articles were retrieved. Of
these, 273 were excluded as they were duplicates. After reviewing
the titles and abstracts of the 850 records, 827 studies were
excluded due to the fact that they were not relevant, not original
articles, or not regarding children with cerebral palsy, thus 23
were retrieved for full-text review. Among the full texts, 11 articles
were excluded for the following reasons: it was not possible to
translate into English language, it was not possible to access the
full texts, they did not answer the research question, the partici-
pants were aged over 18 years, or they did not report the defini-
tions and measurements for outcomes. Consequently, 12 studies
were deemed suitable for qualitative synthesis.[14–16,18–26]
Finally, eight studies were selected for meta-analysis, which con-
sisted of four prospective cohort studies,[14,16,18,22] three retro-
spective cohort studies,[20,23,24] and one case–control study.[19]
Two studies were excluded from the meta-analysis because they
did not report effect estimates or there was insufficient informa-
tion to compute effect estimates,[15,21] the other two were
excluded because of data duplication,[25] and different scales
were used to report outcomes [26] (Figure 1).

The characteristics of the 12 eligible studies in the qualitative
synthesis are shown in Table 1. The studies were conducted in 13
countries (two in Asia, two in North America, and nine in Europe).
The sample size of these studies ranged widely from 31 to 9012
participants. Nine studies included all types of cerebral palsy
[15,16,19–22,24–26] and three studies [14,18,23] were of some par-
ticular types of cerebral palsy. The median length of follow-up
period was 5 years (a range of 0–8 years). Ambulatory statuses
were assessed by different methods; only four studies [18–20,25]
used the same method as defined by the GMFCS.[9] Children
were assessed for ambulatory status at the age range of 5–8
years. The total Newcastle–Ottawa Scale scores of the 12 observa-
tional studies ranged from 6 to 9.

Qualitative synthesis

There were 12 studies included in the qualitative synthesis. The
potential predictors for ambulation in these studies were synthe-
sized from multivariable analysis and were shown to be statistic-
ally significant (Table 2). The type of cerebral palsy, early motor
milestones, primitive reflexes and postural reactions, visual
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impairment, intellectual disability, epilepsy or seizure, and ability
to self-feed were detected as robust prognostic predictors by sev-
eral studies.[14–16,18–26] Some studies also found other prognos-
tic predictors, these were gestational age,[16,18,19,23,24] birth
weight,[16,18,19,24] gender,[15,19] maternal ethnicity,[15,18] anti-
biotic use,[18] APGAR score,[19] hyperbilirubinemia,[18] hearing
impairment,[16] hand function,[15,20] expressive language,[15,20]
body mass index,[20] postural control,[26] reciprocal lower limb
movement,[26] microcephaly,[23] and magnetic resonance imag-
ing abnormality.[19]

Quantitative synthesis (meta-analysis)

Pooled RRs and 95% CIs from eight studies were analyzed to
determine the significant predictors for ambulation in children
with cerebral palsy. Table 3 summarizes the pooled results, het-
erogeneity statistics, subgroup analyses, and publication bias.
Forest plots displaying the meta-analysis of each prognostic pre-
dictor are shown in Figure 2.

The data from four studies (983 participants) [14,19,20,22] were
used to analyze the prediction of ambulation based on sitting at
2 years of age, because of the completeness of these data. This
finding indicated that sitting independently at 2 years of age was
good prognosis for ambulation (RR ¼4.82; 95% CI ¼3.20–7.24)
with non-significant heterogeneity between these studies
(I2¼43.8; p¼ 0.148). The results of sensitivity analyses demon-
strated that the association was similar when one study was omit-
ted. Publication bias was not present in this meta-analysis
(p¼ 0.877).

Five studies (9914 participants) [14,16,20,22,23] reported an
association between visual impairment and ambulation. The
results found that the absence of visual impairment was a positive
predictor for ambulation (RR ¼2.62; 95% CI ¼1.70–4.03) with sig-
nificant heterogeneity between these studies (I2¼68.0; p¼ 0.014).

The subgroup analyses showed that the source of heterogeneity
was study design (RR1 (hospital based)¼ 2.01, 95% CI ¼1.45–2.77;
RR2 (population based)¼ 3.63, 95% CI ¼3.22–4.09, respectively). The
result of publication bias (p¼ 0.061) was not statistically signifi-
cant. The pooled RRs were not observed to have changed in the
sensitivity analysis.

The impact of intellectual disability on ambulation from four
studies (9 773 participants) was analyzed.[14,16,19,24] The findings
indicated that absence of intellectual disability was a significant
predictor for ambulation (RR ¼2.12; 95% CI ¼1.35–3.34). Strong
heterogeneity was present between these studies (I2¼97.4;
p¼ 0.001). Study design was detected as a confounding factor
that led to heterogeneity. The subgroup analysis was stratified by
study design gave the following results: RR1 (hospital based)¼ 1.75,
95% CI ¼1.59–1.93; RR2 (population based)¼ 3.08, 95% CI ¼2.88–3.29,
respectively. The sensitivity analysis showed the robustness of
pooled RR. Egger’s test indicated no significant publication bias
(p¼ 0.496).

Meta-analysis of seven studies (10 698 participants)
[16,18–20,22–24] suggested a positive association between the
absence of epilepsy or seizure and ambulation (RR ¼1.68; 95% CI
¼1.41–2.01). Statistically significant heterogeneity was detected by
subject (I2¼74.8; p¼ 0.001). The subgroup analysis showed a dif-
ference in the pooled estimates between groups (RR1 (all type of

CP)¼ 1.59, 95% CI ¼1.32–1.91; RR2 (some type of CP)¼ 2.69, 95% CI
¼1.27–5.70). The sensitivity analysis reported no variation in the
pooled RRs upon excluding any of the studies. There was no evi-
dence of publication bias (p¼ 0.235).

Discussion

To our current knowledge, this is the first systematic review and
meta-analysis of prognostic predictors for ambulation in children
with cerebral palsy. The results from meta-analysis confirmed that
sitting independently at the age of 2 years, absence of visual
impairment, absence of intellectual disability, and absence of epi-
lepsy or seizure are positive predictors for ambulation. Although it
provides new strong quantitative evidence about these prognostic
predictors, this seems to be expected. As children with more
severe cerebral palsy would likely have more concomitant impair-
ments and less likelihood of independent ambulation, these
impairments may reflect severity as much as they are predictors
for non-ambulation. Hence, it is recommended to always assess
for the presence of the aforementioned impairments. These
should be detected or resolved as early as possible to prevent or
impede the development of physical disability.[34,35]

Furthermore, while some other studies pointed out a few other
prognostic predictors including type of cerebral palsy,[15,16,19,
20,22–25] primitive reflexes and postural reactions,[21–23] gesta-
tional age,[16,18,19,23,24] birth weight,[16,18,19,24] gender,[15,19]
ability to feed self,[15,20] hand function,[15,20] expressive lan-
guage,[15,20] maternal ethnicity,[15,18] antibiotic use,[18] APGAR
score,[19] hyperbilirubinemia,[18] hearing impairment,[16] body
mass index,[20] postural control,[26] reciprocal lower limb move-
ment,[26] microcephaly,[23] and magnetic resonance imaging
abnormality,[19] these prognostic predictors were not statistically
significant or were not pooled estimates in our study.

The prognostic predictors were considered eligible for both
qualitative and quantitative syntheses of supporting evidence
regarding strong ambulatory predictors in children with cerebral
palsy. The potential predictors of each study were included in the
qualitative synthesis. The studies which did not report the esti-
mated effects or reported insufficient data for the calculation of
the estimated effects were excluded from the quantitative
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synthesis. The first strong predictor was “sitting independently at
2 years of age”. In the meta-analysis, we found that children who
had the ability to sit independently before the age of two were
more likely to walk unaided, by about 5-folds, than children who
had the ability to sit independently only after 2 years of age. Each
study [14,19,20,22] concluded that sitting independently at 2 years
can be used to predict walking ability in children with cerebral
palsy which is in agreeance with the predictive factors of the
GMFCS levels.[36] It is clear that early gross motor milestones,
especially sitting, are important for predicting walking since anti-
gravity muscles for the trunk or postural control during sitting is
fundamental for the upright position development.[37,38]

As for the absence of visual impairment, we pooled RRs from
five studies.[14,16,20,22,23] which supported the notion that chil-
dren without visual impairment have the ability to walk unaided
more than about 2- to 3-folds compared with children with visual
impairment. Additionally, a large population-based study in the
United States [15] also found that the absence of blindness was
associated with walking independently at the age of 6, by a multi-
variable analysis. Children with visual impairment may have more
difficulties in developing head and trunk control in exploring their
environment because vision is a very important sensorimotor for
the development of balance and movement in the first 3 years of
life, including walking.[39] In addition, the development of motor
milestones in childhood, and the development of cognitive and
visual skills are linked to each other and act upon each other.[14]

Furthermore, the absence of intellectual disability is a positive
predictor of ambulation. Children with learning disabilities are less
able to learn how to walk independently compared with children
without any intellectual disability, because intellect or cognition is
needed for movement learning.[40] In addition, children with
intellectual disability are also observed to have delayed motor
milestones and impaired sensorimotor function, which affects
ambulation in children.[41,42] The present meta-analysis con-
cluded that children without intellectual disability can walk inde-
pendently better than children with such condition, by about 2-
folds.[14,16,19,24]

Finally, the absence of epilepsy or seizure represented a good
predictor of ambulation in children with cerebral palsy. Seizures
are abnormal electrical activity of the brain resulting in brain
development problem which causes gross motor development
failure.[43] The seven studies were combined and the same con-
clusion was reached: approximately 1–2-folds of the number of
children without epilepsy or seizure were able to walk compared
with the number of children with these symp-
toms.[16,18–20,22–24] There was a study by Simard-Tremblay
et al. [18] which reported a higher RR because in this study, the
specific participants were children with spastic quadriplegia.
Quadriplegic children demonstrate more frequent onset of seiz-
ures than other types of cerebral palsy.[40]

The high quality of 12 observational studies included in the
qualitative synthesis was assessed using the Newcastle–Ottawa
Scale (scores obtained; 6–9). Only one case–control study [19] was
found to have very low quality. The RRs were used for pooled
effect estimates in this meta-analysis because most studies were
cohort studies, with only one case-control study. In addition, the
prevalence of ambulatory outcome was more than 10% (Table 2).
Therefore, the use of RR is more appropriate than the use of
OR.[44] We explored the possible sources of heterogeneity by sub-
group analyses. The heterogeneity in this study was caused by
study designs which included both hospital-based and popula-
tion-based studies and types of cerebral palsy, which differed
from study to study. However, there was a possibility of occur-
rence of bias because we were unable to exclude some studies,Ta
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since the number of studies was limited. In addition, the interpret-
ation of the Q-test and I2 should be performed with care since
the meta-analysis of a few studies can pose a problem of reducing
the power of the test.[31] Furthermore, although the RRs of each
study were different, they were of the same direction. Plus, sub-
group analyses were used to identify source of heterogeneity
were found not to affect the overall findings.

The systematic review of prognostic predictors for ambulation
in children with cerebral palsy was concluded from 12 studies
conducted worldwide with 13 420 children with cerebral palsy.
However, there were some limitations that must be considered.
First, the RRs were pooled from univariable meta-analysis of prog-
nostic predictors. Multivariable meta-analysis could not be per-
formed because there were only one to three studies per
predictor with the adjusted covariates.[14–16,20,23] These studies
could not be pooled together because of the difference in the
effect estimates. Therefore, univariable meta-analysis was the most
appropriate method for pooled RRs in the present study. Second,
there were not sufficient numbers of studies to enable the use of
meta-regression. However, the influences of some confounding
factors (age, therapy, and type of cerebral palsy) in the various
studies were controlled by a study design. Finally, the ambulatory
status outcomes were defined by various operational definitions.

There were four studies which defined the ambulant group and
the non-ambulant group with the GMFCS,[18–20,25] and other
studies defined the meaning of walking independently slightly dif-
ferently with regards to distance, environment, or age of children.
For instance, ambulant group was defined as that of children with
cerebral palsy who walk well alone at least 15 m in two studies
[21,22] and 20 m in one study.[15] Nevertheless, all definitions
clearly identified the ability to walk.

Conclusion

In summary, the present meta-analysis confirmed that sitting inde-
pendently at 2 years of age, absence of visual impairment,
absence of intellectual disability, and absence of epilepsy or seiz-
ure are good predictors for ambulation in children with cerebral
palsy. Therefore, in determining therapeutic plans and rehabilita-
tion goals for children with cerebral palsy, these factors should be
taken into consideration in order to encourage children with cere-
bral palsy to walk with their full potential. Although evidence sug-
gests that the likelihood of walking independently in children
with independent sitting after 2 years is less than children who
are able to sit independently at 2 years, children in the former

Figure 2. Forest plots displaying the meta-analysis of significant predictors for ambulation in children with cerebral palsy.
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group are still able to practice walking independently, since there
are other prognostic predictors for ambulation.
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Background: Most parents want to know that their children with cerebral palsy will be able to walk. A simple tool to predict 
ambulatory status and one uses The Gross Motor Function Classification System is still lacking.
Objective: To develop a simple prognostic score chart for predicting ambulatory status in Thai children with cerebral palsy.
Material and Method: Four hundred seventy one children with cerebral palsy aged 2 to 18 registered and treated at             
six special schools or hospitals for children with physical disability between 2008 and 2013 were recruited. Baseline 
characteristics and clinical histories of children with cerebral palsy were collected from medical and physical therapy records. 
Ambulatory status was classified as three ordinal scales by The Gross Motor Function Classification System - Expanded 
and Revised version.
Results: Multivariable ordinal continuation ratio logistic regression analysis identified age, type of cerebral palsy, sitting 
independently at the age of two, and eating independently as significant predictors of ambulation. These items were combined 
into a clinical prediction score: non-ambulation (scores <7), assisted ambulation (scores 7 to 8), and independent ambulation 
(scores >8).
Conclusion: The prognostic tool has high discriminative values of ambulatory status among children with cerebral palsy. 
However, the validation of this tool needs to be tested in other subjects before clinical practice application.

Keywords: Cerebral palsy, Clinical prediction rule, Decision support techniques, Prognosis, Walking

 Cerebral palsy (CP) is a disorder of motor 
control as a result of damage to the developing brain(1). 
In developed countries, over the last three decades, the 
probability of survival has increased even in children 
with severe disabilities. In contrast, the prevalence of 
CP has not decreased but remained constant as about 
2 to 3 per 1,000 live births(2). Thailand has never had 
a true study on the prevalence of CP because there is 
no database or Cerebral Palsy Registry. There is only 
reported Disability Survey by the National Statistical 
Office, showed that among the 29,841 persons with 
CP, the most (12,019) were located in the northeastern 
part of the country, followed by the remaining (8,944) 
in northern Thailand(3).

 When children are first diagnosed as being 
CP, most parents ask the following questions: ‘Will  
my child walk?’ and ‘When will he/she walk?’. The 
prognosis for their ambulation is very difficult because 
of several factors can influence the ambulatory status 
of a child during his/her growth. Nonetheless, the 
identification of predictors for ambulation is most 
important in order to assist in formulating an appropriate 
plan of intervention(4-6). This is important for prognostic 
capacity regard to walking tends to be poor, an 
appropriate treatment planning is the most effective 
way to prevent the loss of ambulatory capacity(7).
 The scoring method for the prognosis for 
walking in children with CP has been previously 
established by Bleck in 1975(8). This scoring system 
has seven primitive reflexes and postural reactions as 
predictors, while there have also been other clinical 
predictors affecting walking prognosis(4,5,9-13). This 
scoring method was discriminated into good prognosis, 
guarded prognosis, and poor prognosis. He stated that 
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it appeared simple, easy to understand, and easy to 
apply. It may be inappropriate to use in some context; 
however, a recent correlational study in Japan(14) showed 
that there was no difference in Bleck’s scores between 
the ambulation group and the non-ambulation group. 
A large retrospective study conducted by Wu et al(5) 
created a simple tool for predicting the probability of 
ambulatory outcome from various levels in children 
with CP aged 2 to 14. This tool was divided into four 
ambulatory charts according to gross motor function 
achieved at the age of two, using Aalen-Johansen 
estimators of long-term transition probabilities. 
Additionally, there were also prognostic tools of gross 
motor function(15,16). The gross motor function curves 
among the 5-level The Gross Motor Function Classifi-
cation System (GMFCS) were constructed to inform 
regarding the prognosis of children with CP at each age.
 Performing a comparison between the 
different studies is difficult because of the variations 
in the definitions of ambulatory operational(17). In 1997, 
Palisano et al(18) created a five-level of GMFCS for 
children with CP and edited it in 2007(19). Only the 
studies, recently, of Simard-Tremblay et al(12) and  
Kułak et al(13) used the GMFCS as a tool to classify 
ambulation. Many experts in clinical practice have 
developed their own specific criteria for predicting the 
ambulatory status in these children. These criteria may 
provide reasonable prognostic accuracy, but they are 
not necessarily transferable to and applicable in other 
contexts(4). Although the prognostic tools for gross motor 
function of children with CP have been developed(5,8,15,16), 
a simple tool to predict ambulatory status and one     
that uses GMFCS is still lacking. Therefore, the study 
aims to develop a simple prognostic score chart for 
predicting the ambulatory status in Thai children with 
CP from the authors’ prognostic predictors(20).

Material and Method
Ethics approval
 The present study was approved by the Ethics 
Committee of the Faculty of Medicine, Chiang Mai 
University (The IRB approval number 188/2013),        
and Rajanagarindra Institute of Child Development, 
Chiang Mai. The participants were informed of the 
purpose and procedures of the present research. All the 
participants or their parents signed a written informed 
consent to participate in the study.

Study design and data collection
 The medical and physical therapy records of 
children with CP were retrospectively reviewed 

between 2008 and 2013. They were registered and 
treated at six special schools or hospitals for children 
with physical disability in northeastern and northern 
Thailand. They were recruited if aged 2 to 18 and have 
been diagnosed by physicians or physiotherapists. The 
following criteria were the reasons for exclusion from 
the study: the children being duplicated between 
settings, not meeting the inclusion criteria, being 
diagnosed after two years old, unable to contact the 
parents or caregivers, death, and declining to 
participate.

Outcome variable
 The GMFCS was used to describe walking 
ability. This tool had five ordinal levels: I) walks 
without limitations, II) walks with limitations, III) walks 
using a hand-held mobility device, IV) self-mobility 
with limitations or may use powered mobility,               
and V) transported in a manual wheelchair(19). The 
subjects were assessed using the GMFCS - Expanded 
and Revised family and self-report questionnaires, 
which have been allowed to be translated into Thai 
language(21). We classified the ambulatory status as 
three levels: independent ambulation (GMFCS I-II), 
assisted ambulation (GMFCS III), and non-ambulation 
(GMFCS IV-V).

Explanatory variable
 The patient’s data included for the present 
study were as follows: prognostic predictors (age, type 
of CP, sitting independently at age two, and eating 
independently)(20) and other variables (gender, body 
mass index, caregivers, gestational age, birth weight, 
hyperbilirubinemia, epilepsy or seizure, intellectual 
impairment, visual impairment, hearing impairment, 
hand function, speech, medication, history of orthopedic 
surgery, and orthotics use). These variables were 
confirmed and the GMFCS was assessed using 
interviews on site, telephone, or mail.

Statistical analysis
 The authors selected 471 cases having 
complete significant predictors’ values for analyses. 
An adequate sample size was considered that at least 
10 to 15 subjects per predictor should be included          
in the study(22). For this reason, the present study had 
an adequate sample with 471 subjects, and the final 
model contained 10 variables. Then, the subjects         
were categorized into three groups by their GMFCS: 
independent ambulation, assisted ambulation, and  
non-ambulation (criterion-classified ambulatory 
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status). Baseline characteristics and clinical histories 
data were described by descriptive statistics: frequencies 
and percentages for categorical data, mean, and 
standard deviation for continuous data. The different 
data between the three groups were tested using the 
nonparametric test for trends across the ordered groups.
 Multivariable ordinal continuation ratio 
logistic regression was used to analyze after the 
candidate predictors (p-value ≤0.20) were selected 
through univariable analysis. Coefficients of the 
significant predictors from multivariable models             
were converted into scores by division of the lowest 
coefficient, and they were rounded off to the nearest 
integer or half. The items and the total scores for              
each subject were created and used to represent the 
summary measure for predicting the ambulatory status 
in children with CP, and these were categorized into 
three levels (score-classified ambulatory status).
 The discriminative and predictive abilities        
of the ambulatory status scores were presented with 
probability curves. The receiver operating characteristic 
(ROC) curve which was used to assess the probability 
of the total score showed ambulation. The Hosmer    
and Lemeshow Chi-square goodness-of-fit test(23)           
was made use to compare how well the predicted 
probabilities fit with the actual probabilities. Score-
classified ambulatory statuses were compared to 
criterion-classified ambulatory statuses to indicate        
the estimation validity by percentage of agreement. All 
the analyses were performed using STATA statistical 
software Release 11.0 (Stata Corporation, College 
Station, TX) and those values for which p-value <0.05 
were considered significant.

Results
 There were 533 children with CP who were 
included in the current study, but we found missing 
values for some significant predictors in 62 subjects 
(11.6%), the remaining 471 subjects were considered 
for the data analysis. These missing predictors were 
type of CP (5.6%), and sitting independently at age two 
(6.2%). The subjects were classified into three groups 
according to their GMFCS levels: non-ambulation       
(n = 264), assisted ambulation (n = 57), and independent 
ambulation (n = 150) as illustrated in Fig. 1. Baseline 
characteristics and clinical histories, as illustrated in 
Table 1, showed that there were similarities as regards 
gender, caregivers, gestational age, birth weight, 
hyperbilirubinemia, intellectual impairment, hearing 
impairment, and orthotics use between the three 
groups.

 In multivariable analysis, the significant 
predictors were age, type of CP, sitting independently 
at age two, and eating independently. Item scores for 
the significant predictors of the ambulatory status were 
derived from the coefficients. They varied from 0 to 6, 
and the total scores ranged from 0 to 12, as illustrated 
in Table 2. Fig. 2 demonstrated a simple score chart 
for predicting the ambulatory status, in which the 
subjects were classified into three groups according to 
their total scores: non-ambulation (scores <7), assisted 
ambulation (scores 7 to 8), and independent ambulation 
(scores >8). The author’s scores predicted the non-
ambulation group correctly in 244 out of 264, assisted 
ambulation in 10 out of 57, and independent ambulation 
in 113 out of 150. The prognostic estimation validity of 
the subjects into their original levels had a correctness 
percentage of 77.9%, underestimation had a correctness 
percentage of 12.1%, and overestimation had a 
correctness percentage of 10%, as illustrated in         
Table 3.
 The distributions of the ambulatory status 
were presented with mean total scores: 3.4±2.5 in      
non-ambulation, 7.5±2.0 in assisted ambulation, and 
9.2±1.8 in independent ambulation, as shown in       
Table 3. Fig. 3 illustrated the probability curves of     
the ambulatory status scores, which discriminate the 
non-ambulation group from the other groups (area 

Fig. 1 Flow chart of data in the study.

Fig. 2 The ambulatory prognostic score chart for children 
with cerebral palsy.
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Table 1. Baseline characteristics and clinical histories of children with cerebral palsy

Variable All subjects* 
(n = 471)

Non-ambulation* 
(n = 264)

Assisted 
ambulation* 

(n = 57)

Independent 
ambulation* 

(n = 150)

p-value#

Age (year)
Male gender
Body mass index (kg/m2) (n = 407)
Parents caregiver

10.1±4.3
272 (57.8)
15.6±3.5

345 (73.3)

  9.2±4.2
147 (55.7)
15.0±3.4

189 (71.6)

10.9±4.0
34 (59.7)
16.3±4.4
41 (71.9)

11.4±4.1
  91 (60.7)
16.2±3.1

115 (76.7)

<0.001
  0.312
<0.001
  0.293

Type of CP
 Spastic quadriplegia
 Spastic diplegia
 Spastic hemiplegia
 Dyskinesia
 Ataxia
 Hypotonia
 Mixed

 
136 (28.9)
131 (27.8)
109 (23.2)
  50 (10.6)
10 (2.1)
  9 (1.9)
26 (5.5)

 
130 (49.2)
  59 (22.3)
15 (5.7)

  32 (12.2)
          0 (0)

  7 (2.7)
21 (7.9)

 
5 (8.8)

31 (54.4)
12 (21.0)
3 (5.3)
2 (3.4)
1 (1.8)
3 (5.3)

 
  1 (0.7)

  41 (27.3)
  82 (54.7)
  15 (10.0)
  8 (5.3)
  1 (0.7)
  2 (1.3)

<0.001

Gestational age (week) (n = 453)
Birth weight (kg) (n = 451)
No Hyperbilirubinemia (n = 453)
No Epilepsy/seizure (n = 468)
Sitting independently at age 2
No intellectual impairment
No visual impairment
No hearing impairment
Have functional use of hands
Eating independently
Speech (says single words, sentences)
Medication history (n = 466)
Orthopedic surgery (n = 460)
Orthotics use (n = 458)

35.5±4.2
  2.5±0.8

347 (76.6)
250 (53.4)
188 (39.9)
376 (79.8)
406 (86.2)
452 (96.0)
385 (81.7)
278 (59.0)
276 (58.6)
349 (74.9)
  53 (11.5)
167 (36.5)

35.5±4.2
  2.5±0.8

195 (76.5)
124 (47.2)
  29 (11.0)
217 (82.2)
214 (81.1)
253 (95.8)
181 (68.6)
  96 (36.4)
111 (42.1)
213 (81.6)
19 (7.3)

  94 (35.7)

34.7±4.7
  2.3±0.8
46 (83.6)
42 (73.7)
35 (61.4)
46 (80.7)
52 (91.2)
53 (93.0)
56 (98.3)
50 (87.7)
46 (80.7)
34 (59.7)
12 (21.1)
27 (48.2)

35.8±3.8
  2.5±0.8

106 (74.1)
  84 (56.8)
124 (82.7)
113 (75.3)
140 (93.3)
146 (97.3)
148 (98.7)
132 (88.0)
119 (79.3)
102 (68.9)
  22 (15.4)
  46 (33.1)

  0.720
  0.655
  0.694
  0.028
<0.001
  0.100
<0.001
  0.535
<0.001
<0.001
<0.001
  0.002
  0.008
  0.763

CP = cerebral palsy; SD = standard deviation
* Values represent n (%) for categorical data and mean ± SD for continuous data
# Trend test across the ordered groups

Table 2. Item score for significant predictors of ambulatory status (n = 471)

Predictors OR (95% CI)* p-value* Coefficient* Scores
Age (year)
 2 to less than 6
 6 to less than 12
 12 to 18

 
Reference

  2.07 (1.07 to 3.98)
  3.26 (1.59 to 6.72)

 
 

  0.030
  0.001

 
Reference

0.73
1.18

 
   0
   1
   1.5

Type of CP
 Spastic quadriplegia
 Mixed
 Hypotonia
 Spastic diplegia
 Dyskinesia
 Spastic hemiplegia
 Ataxia

 
Reference

  3.94 (1.09 to 14.25)
  9.76 (1.89 to 50.39)
  8.07 (3.27 to 19.95)
12.09 (4.42 to 33.04)
40.47 (15.37 to 106.56)
91.49 (15.26 to 548.58)

 
 

  0.037
  0.007
<0.001
<0.001
<0.001
<0.001

 
Reference

1.37
2.28
2.09
2.49
3.70
4.52

 
   0
   2
   3
   3
   3.5
   5
   6

Sitting independently at age 2
 No
 Yes

 
Reference

  7.74 (4.85 to 12.34)

 
 

<0.001

 
Reference

2.05

 
   0
   3

Eating independently
 No
 Yes

 
Reference

  2.95 (1.65 to 5.24)

 
 

<0.001

 
Reference

1.08

 
   0
   1.5

CI = confidence interval; CP = cerebral palsy; OR = odds ratio
* Analysis using multivariable ordinal continuation ratio logistic regression
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under the receiver operating characteristic curve; 
AuROC = 0.9391, graph not shown), and discriminate 
the independent ambulation group from the other 
groups (AuROC = 0.9205, graph not shown).

Discussion
 This is the first development of a simple 
ambulatory score chart of Thai children with CP based 
on the operational definition outcome from GMFCS. 
It was constructed using routine data including age, 
type of CP, sitting independently at the age of two, and 
eating independently. The ambulatory status was 
classified into three levels according to their GMFCS 
and total score: independent ambulation, assisted 
ambulation, and non-ambulation. The ability to predict 
ambulation in these children appeared accurate, with 
77.9% of correctness and high discrimination with 
AuROC more than 0.9.
 The authors’ prognostic tool is different from 
the previous tools in both outcome and predictors, 
including techniques and applications. The significant 
predictors of this score chart have been mentioned in 

the authors’ previous study(20). It is well known that age 
or maturation is associated with different aspects of 
child development including walking(17). The type of 
CP and gross motor skills (sitting independently) were 
found to have a strong association with ambulation in 
several previous studies for a long time(4,5,9,10,13,17,24,25). 
In addition, it had been recently found that eating 
independently was associated with ambulation in two 
previous studies(5,13). Nevertheless, strong predictors 
such as primitive reflexes and postural reactions were 
excluded from the present study because the authors 
took into consideration of predictors from routine     
data to clinical usefulness.
 The ambulatory prognostic score chart was 
developed for the simple use of clinicians and 
therapists. The ambulatory outcome was divided into 
three groups, which may be useful for clinical practice. 
The first group, of children scoring <7, was classified 
as the ‘non-ambulation’ group. The health care team 
should inform the parents that the children could not 
walk in the first age range, and the team should have 
a treatment plan chalked out with the parents to 
improve the walking ability of the children to bring it 
to its full potential. If the children were more likely to 
continue as having non-ambulation in the next age, 
their parents should plan to adjust the environmental 
context and the daily life of the children with assistive 
devices. The second group, with the children scoring 
from 7 to 8, was classified as the ‘assisted ambulation’ 
group. In the first stage, these children were assisted 
to walk with aids such as wheel walkers, but when they 
grow up, there might be a possibility that the children 
will walk independently. Thus, the health care team 
should plan for parents to emphasize the enhancement 
of the children’s walking ability. The last group, of 
children scoring >8, was classified as the ‘independent 
ambulation’ group. These children could walk 

Table 3. Score-classified ambulatory status, criterion-classified ambulatory status, and prognostic estimation validity

Score-classified ambulatory status Total 
score

Criterion-classified ambulatory status Validity*
Non-ambulation Assisted 

ambulation
Independent 
ambulation

% over % correct % under

Mean ± SD 3.4±2.5 7.5±2.0 9.2±1.8
IQR 1 to 5.5 6 to 9 8.5 to 10.5
Non-ambulation (n = 284) <7 244 20   20 - 51.8   8.5
Assisted ambulation (n = 34)   7 to 8     7 10   17   1.5   2.1   3.6
Independent ambulation (n = 153) >8   13 27 113   8.5 24.0 -
Total (n = 471) 0 to 12 264 57 150 10.0 77.9 12.1

IQR = interquartile range; SD = standard deviation
* Percentage of total subjects

Fig. 3 The discrimination of the ambulatory status scores.
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independently before six years of age, so an appropriate 
treatment plan would be to maintain the walking ability 
and the cardiopulmonary fitness of the children or to 
encourage social participation. When children with CP 
grow into adolescence, they may effectively experience 
a decline in the walking ability. However, the present 
data show that adolescents with CP aged 12 to 18 
succeeded in walking in comparison with children with 
CP aged 2 to 6 (OR = 3.26; 95% CI = 1.59 to 6.72). 
There are studies that support the possibility that some 
children with CP continue to maintain and develop the 
walking ability into adolescence(5,26-28). On the other 
hand, Kerr et al(29) point out that the lowest effective 
walking ability is at about 12 years of age, and that 
deterioration of the gross motor skill takes over after the 
age of 13. This issue in adolescence remains unclear. 
However, in adults, it has been reported that when 
children with CP grow into adulthood (>20 years), they 
have the potential to experience walking decline due 
to fatigue, inefficiency of ambulation, or increased joint 
pains(27,30).
 For instance, the sum scores for a child with 
spastic diplegia (score = 3) aged four (score = 0) who 
can sit independently before age two (score = 3) and 
eats independently now (score = 1.5) is 7.5 (0+3+3+1.5, 
see Fig. 1). This means that in the period of age ranging 
from 2 years to 6 years, he is able to walk with assistive 
devices. When he grows up (score = 1, for the age range 
6 to 12), the sum scores will have one point added, as 
8.5 (1+3+3+1.5, see Fig. 1), which means that he has 
a chance to walk independently. However, the present 
data still had 10% of overestimation (children were 
detected as over true ambulatory levels) and 12.1% of 
underestimation (children were detected as under true 
ambulatory levels) which can be the result of other 
predictors, such as primitive reflexes, not being taken 
into consideration for the analyses, but this is 
acceptable. So, this tool is reliable for the prediction 
of the ambulatory status in children with CP. 
Additionally, the discriminative and predictive abilities 
of the authors’ tool showed that the performance of  
the model was good.
 Some limitations of the present study need         
to be mentioned. First, the routine data had some of 
the predictors missing; however, the authors assumed 
that they were missing completely at random. 
Consequently, we confirm that the data collection      
was unbiased. Second, primitive reflex and postural 
reaction, which are associated with ambulatory status, 
were excluded from the present study since it is not 
routine data. Finally, this score chart may be restricted, 

in generalization to other contexts, because it was 
constructed from routine clinical practice of the settings 
in northeastern and northern Thailand. These settings 
are in the form of hospitals or special schools for 
children with physical disability that the parents take 
their children to for treatment when they find their 
children encountering problems with regard to carrying 
out normal functions, routine functions which these 
children are unable to perform since birth. Some 
children with CP who walk independently, may not be 
discovered in the present study. Thus, this prognostic 
tool holds potential and should be externally validated 
in a different setting before utilization in clinics.
 In conclusion, a simple ambulatory prognostic 
score chart was derived from age, type of CP,           
sitting independently at the age of two, and eating 
independently, which shows high discriminative  
values of ambulatory status in children with CP. 
However, the validation of this score chart should              
be tested in other subjects before clinical practice 
application.

What is already known on this topic?
 Type of CP, sitting independently at age two, 
and eating independently are prognostic predictors         
for ambulation in children with CP. Age is associated 
with ambulation in children with CP.

What this study adds?
 The ambulatory prognostic score chart is 
developed from age, type of CP, sitting independently 
at the age of two, and eating independently can        
predict ambulatory status in Thai children with CP aged 
2 to 18 years.
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การสรางแผนภูมิคะแนนทํานายการเดินสําหรับเด็กไทยสมองพิการ อายุ 2 ถึง 18 ป

อรวรรณ กีรติสิโรจน, นวลลออ ธวินชัย, มนธนา บุญตระกูลพูนทวี, วัณทนา ศิริธราธิวัตร

ภูมิหลัง: ผูปกครองสวนใหญตองการทราบวาบุตรของพวกเขาซ่ึงมีภาวะสมองพิการจะเดินไดหรือไม ประเทศไทยยังขาดเคร่ืองมือ
อยางงายที่ใชทํานายสถานะการเดินซึ่งใชคาํจํากัดความของการเดินดวย Gross Motor Function Classification System
วัตถุประสงค: เพื่อสรางแผนภูมิคะแนนทํานายอยางงายสําหรับทํานายสถานะการเดินในเด็กไทยสมองพิการ
วัสดุและวิธีการ: เด็กสมองพิการอายุ 2 ถึง 18 ป จํานวนทั้งหมด 471 คน ซึ่งลงทะเบียนและรับการรักษาที่โรงเรียนการศึกษา
พิเศษ หรือ โรงพยาบาลสําหรับเด็กที่บกพรองทางการเคลื่อนไหว ระหวาง พ.ศ. 2551 ถึง พ.ศ. 2556 จํานวน 6 แหง ไดรับการ
คดัเลอืก ผูนพินธเก็บรวบรวมขอมูลท่ัวไปและประวัติทางคลินิกของเด็กสมองพิการจากเวชระเบียน สถานะการเดินถูกจําแนกเปน 
3 มาตราอันดับ โดย Gross Motor Function Classification System - Expanded and Revised version
ผลการศึกษา: การวิเคราะห ordinal continuation ratio logistic regression แบบหลายตัวแปรบงชี้วา อายุ ชนิดของสมอง
พิการ การน่ังไดเองเม่ืออายุ 2 ป และการกินไดเอง คือ ปจจัยทํานายสําคัญของการเดิน รายการเหลาน้ีถูกนํามารวมกันเปนคะแนน
การทํานายทางคลินิก ไดแก เดินไมได (นอยกวา 7 คะแนน) เดินโดยการชวยเหลือ (7 ถึง 8 คะแนน) และเดินไดเองโดยอิสระ 
(มากกวา 8 คะแนน)
สรปุ: เคร่ืองมอืทาํนายมีคาการจําแนกสถานะการเดินในกลุมเดก็สมองพิการสูง อยางไรก็ตามการตรวจสอบความตรงของเคร่ืองมอืนี้ 
ตองการการทดสอบในตัวอยางกลุมอื่น กอนนําไปประยุกตใชในทางคลินิก
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Appendix F 

GMFCS – E & R Thai version 
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GMFCS-แบบสอบถามการจาํแนกระดบัความสามารถในการ
เคลือ่นไหว รายงานโดยครอบครวั: สาํหรบัเด็กอาย ุ2-4 ปี 

 

กรุณาอานขอความขางลางน้ี และทาํเครือ่งหมายในชองสีเ่หลีย่มขางขอความ  
เพียงชองเดยีวทีอ่ธบิายความสามารถในการเคลือ่นไหวของ ลูกทานไดดทีีส่ดุ  
 

ลูกของฉนั/ เด็กในความดแูลของฉนั…  

 มคีวามยากลาํบากในการควบคมุศีรษะและลาํตวัในเกอืบทกุๆ ทาทาง  
และ ใชอปุกรณดดัแปลงพเิศษสาํหรบัการนั่งเพือ่ใหน ั่งไดอยางสะดวกสบาย  
และ ตองมีคนชวยยกในการเคลือ่นยาย  

 สามารถนั่งไดเองเมือ่ถูกจบัใหอยูในทานั่งกบัพื้น และสามารถเคลือ่นยาย
ภายในหองได  
และ ใชมือคํา้เพือ่ชวยพยงุการทรงตวัในทานั่ง  
และ โดยท ั่วไป มกัใชอปุกรณดดัแปลงชวยในการนั่งและยืน  
และ เคลือ่นยายตวัโดยการกลิง้ การคบืโดยทองยงัสมัผสัพ้ืน หรือการคลาน  

 สามารถนั่งไดเอง และเดนิไดในระยะทางส ัน้ๆ โดยใชเครือ่งชวยเดนิ   
(เชน โครงหดัเดนิ โครงหดัเดนิลอเลือ่น ไมคํา้ยนั ไมเทา เป็นตน)  
และ อาจตองการความชวยเหลือจากผูใหญในการเคลือ่น และกลบัตวัขณะเดนิ
โดยใชเครือ่งชวยเดนิ  
และ โดยท ั่วไปมกันั่งกบัพ้ืนในทาปลายเทาช้ีออกดานนอก (w) และอาจตองการ
ความชวยเหลือจากผูใหญในการจบัใหอยูในทานั่ง  
และ อาจเกาะขึน้มายืนและเกาะเดนิไปไดระยะทางส ัน้ๆ  
และ ชอบทีจ่ะเคลือ่นยายโดยการคบืและการคลานมากกวา  

สามารถนั่งไดเอง และมกัเคลือ่นยายโดยการเดนิดวยเครือ่งชวยเดนิ  
 และ อาจมีความยากลาํบากในการทรงตวัในทานั่งเมือ่ใชมือท ัง้สองเลน  
 และ สามารถเปลีย่นทาทางมาอยูในทานั่งและออกจากทานั่งไดเอง  
 และ สามารถเกาะลุกขึน้มายนืและเกาะเครือ่งเฟอรนิเจอรเดนิได  
 และ สามารถคลานได แตชอบทีจ่ะเคลือ่นยายโดยการเดนิมากกวา  

สามารถนั่งไดเอง และเคลือ่นยายโดยการเดนิเอง ไมใชเครือ่งชวยเดนิ  
และ สามารถทรงตวัในทานั่งไดเมือ่ใชมือท ัง้สองเลน  
และ สามารถเปลีย่นทาทางมาอยูในและออกจากทานั่งและทายนืโดยไมตองมี
ผูใหญชวยเหลือ                                                                                    
และ ชอบทีจ่ะเคลือ่นยายโดยการเดนิมากกวา 

ไดรบัอนุญาตจาก CanChild Centre ใหแปลเป็นภาษาไทย โดย ผศ. วณัทนา ศริธิราธวิตัร                                                 
สายวชิากายภาพบาํบดั คณะเทคนิคการแพทย มหาวทิยาลยัขอนแกน (wantana.siritaratiwat@gmail.com)                
จากตนฉบบัภาษาองักฤษโดย © Amy Dietrich, Kristen Abercrombie, Jamie Fanning, and Doreen Bartlett,2007  
รบัแบบสอบถามน้ีไดจากศนูย CanChild เพือ่การวจิยัในเด็กพกิาร (www.canchild.ca), มหาวทิยาลยั McMaster                
GMFCS ดดัแปลงโดยไดรบัอนุญาตจาก Palisano และคณะ (1997) วารสาร Dev Med Child Neurol, 39, 214-223. 
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เคลือ่นไหว รายงานโดยครอบครวั: สาํหรบัเด็กอาย ุ4-6 ปี 

 

กรุณาอานขอความขางลางน้ี และทาํเครือ่งหมายในชองสีเ่หลีย่มขางขอความ  
เพียงชองเดยีวทีอ่ธบิายความสามารถในการเคลือ่นไหวของ ลูกทานไดดทีีส่ดุ  
 

ลูกของฉนั/ เด็กในความดแูลของฉนั…  

 มคีวามยากลาํบากในการนั่งเอง และการควบคมุศรีษะและลาํตวัในเกือบทกุๆ 
ทาทาง  

 และ มีความยากลาํบากในการเคลือ่นไหวดวยตนเอง  
        และตองการเกาอีท้ีม่ีอปุกรณดดัแปลงพเิศษชวยพยุงเพือ่ทีจ่ะนั่งไดอยางสะดวกสบาย
 และ ตองมีคนชวยยกหรอือปุกรณชวยยกในการเคลือ่นยายตวั 

 สามารถนั่งไดเอง แตไมยนืหรือเดนิโดยไมมผีูใหญชวยพยงุและกาํกบัดแูล  
 และ อาจตองการการพยุงเป็นพเิศษทีล่าํตวัเพือ่ใหแขนและมือทาํงานไดดขีึน้  
 และ โดยท ั่วไป มกัตองการความชวยเหลือจากผูใหญเพือ่ขึน้มานั่งในเกาอีแ้ละออก

จากเกาอี ้ 
 และ อาจเคลือ่นทีไ่ดเองโดยใชรถเข็นนั่งไฟฟ า หรือเมือ่มีการเดนิทางในชุมชน 

 สามารถเดนิไดเองโดยใชเครือ่งชวยเดนิ (เชน โครงหดัเดนิ โครงหดัเดนิ
 ลอเลือ่น ไมคํา้ยนั ไมเทา เป็นตน)  

 และ โดยปกต ิสามารถมานั่งและลุกออกจากเกาอีโ้ดยไมตองมผีูใหญชวยเหลือ  
 และ อาจใชรถเข็นนั่งเมือ่ตองเคลือ่นยายในระยะทางไกลๆ หรืออยูนอกบาน  
 และ พบวามคีวามยากลาํบากในการขึน้บนัได หรือเดนิบนพ้ืนขรุขระหากไมมีคน

ชวยเหลืออยางมาก 

สามารถเดนิไดเองโดยไมใชเครือ่งชวยเดนิ แตมคีวามยากลาํบากในการเดนิ
ระยะทางไกลๆ หรือบนพื้นขรุขระ  

 และ สามารถนั่งบนเกาอีป้กตขิองผูใหญและใชมอือยางอสิระได  
 และ สามารถลุกจากพ้ืนไปทายืนโดยไมตองมีผูใหญชวยเหลือ  
 และ จาํเป็นตองจบัราวบนัไดเมือ่ขึน้หรือลงบนัได  
 และ ยงัไมสามารถวิง่ และกระโดดได 

สามารถเดนิไดเองโดยไมตองใชเครือ่งชวยเดนิ รวมถงึการเดนิในระยะ
ทางไกล นอกบาน และบนพื้นขรุขระ  

 และ สามารถลุกจากพ้ืนหรือเกาอีไ้ปยืนไดโดยไมตองใชมือชวยพยุง  
 และ สามารถขึน้และลงบนัไดไดโดยไมจาํเป็นตองจบัราวบนัได  
 และ เริม่ทีจ่ะวิง่และกระโดดได 

ไดรบัอนุญาตจาก CanChild Centre ใหแปลเป็นภาษาไทย โดย ผศ. วณัทนา ศริธิราธวิตัร                                                 
สายวชิากายภาพบาํบดั คณะเทคนิคการแพทย มหาวทิยาลยัขอนแกน (wantana.siritaratiwat@gmail.com)                
จากตนฉบบัภาษาองักฤษโดย © Amy Dietrich, Kristen Abercrombie, Jamie Fanning, and Doreen Bartlett,2007   
รบัแบบสอบถามน้ีไดจากศนูย CanChild เพือ่การวจิยัในเด็กพกิาร (www.canchild.ca), มหาวทิยาลยั McMaster                
GMFCS ดดัแปลงโดยไดรบัอนุญาตจาก Palisano และคณะ (1997) วารสาร Dev Med Child Neurol, 39, 214-223.
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GMFCS-แบบสอบถามการจาํแนกระดบัความสามารถในการ
เคลือ่นไหว รายงานโดยครอบครวั: สาํหรบัเด็กอาย ุ6-12 ปี 

 

กรุณาอานขอความขางลางน้ี และทาํเครือ่งหมายในชองสีเ่หลีย่มขางขอความ  
เพียงชองเดยีวทีอ่ธบิายความสามารถในการเคลือ่นไหวของ ลูกทานไดดทีีส่ดุ  
 

ลูกของฉนั/ เด็กในความดแูลของฉนั…  

 มคีวามยากลาํบากในการนั่งเอง และการควบคมุศรีษะและลาํตวัในเกือบ
 ทกุๆ ทาทาง  
 และ มีความยากลาํบากในการเคลือ่นไหวดวยตนเอง  

และ ตองการเกาอีท้ีม่อีปุกรณดดัแปลงพเิศษชวยพยุง เพือ่ทีจ่ะนั่งไดอยาง
 สะดวกสบาย  
  และ ตองมีคนชวยยกหรอือปุกรณชวยยกในการเคลือ่นยายตวั 

 สามารถนั่งไดเอง แตไมยนืหรือเดนิโดยไมมผีูใหญชวยพยงุ  
และ ดงันัน้จงึตองพึง่รถเข็นนั่งเป็นสวนใหญเมือ่อยูทีบ่าน โรงเรียน และในชุมชน 
และ บอยคร ัง้ตองการการพยุงเป็นพเิศษทีล่าํตวัเพือ่ปรบัปรุงการทาํงานของแขน
และมือใหดขีึน้  

  และ อาจจะเคลือ่นรถเข็นไดเองโดยใชรถเข็นไฟฟ า 

 สามารถยนืไดดวยตนเอง และจะเดนิเมือ่ใชเครือ่งชวยเดนิเทานัน้ (เชน 
 โครงหดัเดนิ โครงหดัเดนิลอเลือ่น ไมคํา้ยนั ไมเทา เป็นตน)  
 และ พบวามนัยากลาํบากทีจ่ะเดนิขึน้บนัได หรือเดนิบนพ้ืนขรขุระ  
  และ อาจใชรถเข็นนั่งเมือ่เคลือ่นยายในระยะทางไกลๆ หรือทามกลางฝงูชน 

สามารถเดนิไดเอง โดยไมตองใชเครือ่งชวยเดนิ แตจาํเป็นตองจบัราว
 บนัไดเมือ่เดนิขึน้หรือลงบนัได  
    และ บอยคร ัง้ทีพ่บวามนัยากลาํบากทีจ่ะเดนิบนพ้ืนขรุขระ ทางลาดชนั หรือเดนิ

 ทามกลางฝงูชน 

สามารถเดนิไดเองโดยไมตองใชเครือ่งชวยเดนิ และสามารถขึน้หรือลง
 บนัไดโดยไมจาํเป็นตองจบัราวบนัได  
 และ เดนิในทกุทีท่ีอ่ยากไป(รวมถงึบนพ้ืนขรุขระ ทางลาดชนั  
 หรือทามกลางฝงูชน)  
  และ สามารถวิง่หรือกระโดดได แมวาจะมีขอจาํกดัเล็กนอยเกีย่วกบัความเร็ว 

 การทรงตวั และการประสานสมัพนัธของการเคลือ่นไหว 

ไดรบัอนุญาตจาก CanChild Centre ใหแปลเป็นภาษาไทย โดย ผศ. วณัทนา ศริธิราธวิตัร                                                 
สายวชิากายภาพบาํบดั คณะเทคนิคการแพทย มหาวทิยาลยัขอนแกน (wantana.siritaratiwat@gmail.com)                
จากตนฉบบัภาษาองักฤษโดย © Amy Dietrich, Kristen Abercrombie, Jamie Fanning, and Doreen Bartlett,2007   
รบัแบบสอบถามน้ีไดจากศนูย CanChild เพือ่การวจิยัในเด็กพกิาร (www.canchild.ca), มหาวทิยาลยั McMaster                
GMFCS ดดัแปลงโดยไดรบัอนุญาตจาก Palisano และคณะ (1997) วารสาร Dev Med Child Neurol, 39, 214-223. 
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GMFCS-แบบสอบถามการจาํแนกระดบัความสามารถในการ
เคลือ่นไหว รายงานโดยครอบครวั: สาํหรบัวยัรุนอาย ุ12-18 ปี 

กรุณาอานขอความขางลางน้ี และทาํเครือ่งหมายในชองสีเ่หลีย่มขางขอความ  
เพียงชองเดยีวทีอ่ธบิายความสามารถในการเคลือ่นไหวของ ลูกทานไดดทีีส่ดุ  
ลูกของฉนั/ เด็กในความดแูลของฉนั…  

 มคีวามยากลาํบากในการนั่งเองและการควบคมุศรีษะและลาํตวัในเกือบ
 ทกุๆ ทาทาง 
 และ มีความยากลาํบากในการเคลือ่นไหวดวยตนเอง 
 และ ตองการเกาอีท้ีด่ดัแปลงพเิศษ เพือ่ทีจ่ะนั่งไดอยางสะดวกสบาย และไดรบั
 การเคลือ่นยายโดยผูอืน่ไปในทกุๆ สถานที ่
 และ ตองการคนชวยยกหรือตองการอปุกรณพเิศษชวยยกในการเคลือ่นยายตวั 

 สามารถนั่งไดโดยตองมกีารชวยพยงุบางเล็กนอยทีส่ะโพกท ัง้สองขางและ
 ลาํตวัแตจาํเป็นตองมีการชวยพยงุอยางมากจงึจะสามารถยนืหรือเดนิได  

และ ดงันัน้จงึจาํเป็นตองพึง่รถเข็นนั่งเมือ่อยูนอกบาน 
และ สามารถเคลือ่นทีไ่ดเองโดยใชรถเข็นนั่งไฟฟ า 

  และ สามารถคลานหรือกลิง้ไปไดในระยะทางทีจ่าํกดัเพือ่เคลือ่นทีใ่นหอง 

 สามารถยนืไดดวยตนเอง และจะเดนิเมือ่ใชเครือ่งชวยเดนิเทานัน้ (เชน 
 โครงหดัเดนิ โครงหดัเดนิลอเลือ่น ไมคํา้ยนั ไมเทา เป็นตน)  
 และ พบวามนัยากลาํบากทีจ่ะเดนิขึน้บนัได หรือเดนิบนพ้ืนขรขุระโดยไมมทีีพ่ยุง
  และ ใชวธิีการหลากหลายเพือ่เคลือ่นทีไ่ปรอบๆ ขึน้อยูกบัสภาพแวดลอม 
  และ ชอบทีจ่ะใชรถเข็นนั่งมากกวาเพือ่ทีจ่ะเดนิทางอยางรวดเร็วหรือในระยะไกล 

สามารถเดนิไดเอง โดยไมตองใชเครือ่งชวยเดนิ แตจาํเป็นตองจบัราว
 บนัไดเมือ่เดนิขึน้หรือลงบนัได  
    และ ดงันัน้เดนิไปในทกุๆ ทีเ่ป็นสวนใหญ 
  และ บอยคร ัง้ทีพ่บวามนัยากลาํบากทีจ่ะเดนิบนพ้ืนขรุขระ ทางลาดชนั หรอืเดนิ

 ในบรเิวณทีม่ีคนหนาแนน 
  และ บางคร ัง้ทีช่อบใชเครือ่งชวยเดนิมากกวา (เชน ไมเทา หรือไมคํา้ยนั) หรือใช

 รถเข็นนั่งเพือ่ทีจ่ะเดนิทางอยางรวดเร็วหรือในระยะทางไกล 

สามารถเดนิไดเองโดยไมตองใชเครือ่งชวยเดนิ และสามารถขึน้หรือลง
 บนัไดโดยไมจาํเป็นตองจบัราวบนัได  
 และ เดนิไปในทกุทีท่ีอ่ยากไป (รวมถงึบนพ้ืนขรขุระ ทางลาดชนั หรือบรเิวณทีม่ี
 คนหนาแนน)   
 และ สามารถวิง่หรือกระโดดได แมวาจะมีขอจาํกดับางเกีย่วกบัความเร็ว การทรง
 ตวัและการประสานสมัพนัธของการเคลือ่นไหว 

ไดรบัอนุญาตจาก CanChild Centre ใหแปลเป็นภาษาไทย โดย ผศ. วณัทนา ศริธิราธวิตัร  สายวชิากายภาพบาํบดั คณะ
เทคนิคการแพทย กุมภาพนัธ 2555 (wantana.siritaratiwat@gmail.com)  จากตนฉบบัภาษาองักฤษโดย © Doreen 
Bartlett  และ  Jan Willem Gorter, 2011 รบัแบบสอบถามน้ีไดจากศนูย CanChild เพือ่การวจิยัในเด็กพกิาร 
(www.canchild.ca), มหาวทิยาลยั McMaster,   GMFCS-E&R ดดัแปลงโดยไดรบัอนุญาตจาก Palisano และคณะ 
(2008) วารสาร Dev Med Child Neurol, 50(10), 744-750. 
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GMFCS-แบบสอบถามการจาํแนกระดบัความสามารถในการ
เคลือ่นไหว รายงานดวยตนเอง: สาํหรบัวยัรุนอาย ุ12-18 ปี 

กรุณาอานขอความขางลางน้ี และทาํเครือ่งหมายในชองสีเ่หลีย่มขางขอความ  
เพียงชองเดยีวทีอ่ธบิายความสามารถในการเคลือ่นไหวของทานไดดทีีส่ดุ  
ฉนั…  

 มคีวามยากลาํบากในการนั่งดวยตวัฉนัเอง และการควบคมุศรีษะและลาํตวั
 ของฉนัในเกอืบทกุๆ ทาทาง 
 และ มีความยากลาํบากในการเคลือ่นไหวดวยตนเอง 
 และ ตองการเกาอีท้ีด่ดัแปลงพเิศษ เพือ่ทีจ่ะนั่งไดอยางสะดวกสบาย และไดรบั
 การเคลือ่นยายโดยผูอืน่ไปในทกุๆ สถานที ่
 และ ตองมีคนชวยยกหรอือปุกรณพเิศษชวยยกในการเคลือ่นยายตวั 

 สามารถนั่งไดดวยตวัฉนัเอง แตฉนัจาํเป็นตองไดรบัการชวยพยงุอยางมาก
 ฉนัจงึจะสามารถยนืหรือเดนิได  

และ ดงันัน้จงึจาํเป็นตองพึง่รถเข็นนั่งเมือ่ออกไปขางนอก 
และ สามารถเคลือ่นทีไ่ดเองโดยใชรถเข็นนั่งไฟฟ า 

  และ สามารถคลานหรือกลิง้ไปไดในระยะทางทีจ่าํกดัเพือ่เคลือ่นทีใ่นหอง 

 สามารถยนืไดดวยตวัฉนัเอง และจะเดนิเมือ่ใชเครือ่งชวยเดนิเทานัน้ (เชน 
 โครงหดัเดนิ โครงหดัเดนิลอเลือ่น ไมคํา้ยนั ไมเทา เป็นตน)  
 และ พบวามนัยากลาํบากทีจ่ะเดนิขึน้บนัได หรือเดนิบนพ้ืนขรขุระโดยไมมทีีพ่ยุง
  และ ใชวธิีการหลากหลายเพือ่เคลือ่นทีไ่ปรอบๆ ขึน้อยูกบัสภาพแวดลอม 
  และ ชอบทีจ่ะใชรถเข็นนั่งมากกวาเพือ่ทีจ่ะเดนิทางอยางรวดเร็วหรือในระยะไกล 

สามารถเดนิไดดวยตวัฉนัเอง โดยไมตองใชเครือ่งชวยเดนิ แตจาํเป็นตอง
 จบัราว บนัไดเมือ่เดนิขึน้หรือลงบนัได  
    และ ดงันัน้จงึเดนิไปในทกุๆ ทีเ่ป็นสวนใหญ 
  และ บอยคร ัง้ทีพ่บวามนัยากลาํบากทีจ่ะเดนิบนพ้ืนขรุขระ ทางลาดชนั หรอืเดนิ

 ในบรเิวณทีม่ีคนหนาแนน 
  และ บางคร ัง้ชอบใชเครือ่งชวยเดนิมากกวา (เชน ไมเทา หรือไมคํา้ยนั) หรือใช

 รถเข็นนั่งเพือ่ทีจ่ะเดนิทางอยางรวดเร็วหรือในระยะทางไกล 

สามารถเดนิไดดวยตวัฉนัเองโดยไมตองใชเครือ่งชวยเดนิ และสามารถขึน้
 หรือลง บนัไดโดยไมจาํเป็นตองจบัราวบนัได  
 และ เดนิไปในทกุทีท่ีฉ่นัอยากไป (รวมถงึบนพ้ืนขรุขระ ทางลาดชนั หรือบรเิวณ
 ทีม่ีคนหนาแนน)   
 และ สามารถวิง่หรือกระโดดได แมวาฉนัมขีอจาํกดัเกีย่วกบัความเร็ว การทรง
 ตวัและการประสานสมัพนัธของการเคลือ่นไหว 

ไดรบัอนุญาตจาก CanChild Centre ใหแปลเป็นภาษาไทย โดย ผศ. วณัทนา ศริธิราธวิตัร  สายวชิากายภาพบาํบดั คณะ
เทคนิคการแพทย กุมภาพนัธ 2555 (wantana.siritaratiwat@gmail.com)  จากตนฉบบัภาษาองักฤษโดย © Doreen 
Bartlett  และ  Jan Willem Gorter, 2011 รบัแบบสอบถามน้ีไดจากศนูย CanChild เพือ่การวจิยัในเด็กพกิาร 
(www.canchild.ca), มหาวทิยาลยั McMaster,   GMFCS-E&R ดดัแปลงโดยไดรบัอนุญาตจาก Palisano และคณะ 
(2008) วารสาร Dev Med Child Neurol, 50(10), 744-750. 
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