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ABSTRACT 

Objective: To examine the effect of motorized treadmill 
intervention on independent walking acquisition and other 
motor milestones in infants at risk of developmental delay.

Methods: Experimental study with 15 infants, observed 
since the 5th month of age: five infants at risk of develop-
mental delay submitted to both physiotherapy sessions and 
intervention in motorized treadmill (Experimental Group); 
five infants at risk of developmental delay submitted to 
physiotherapy sessions only (Risk Control Group); and five 
infants without risks of developmental delay (Typical Con-
trol Group). Physiotherapy sessions occurred twice a week, 
followed by motorized treadmill intervention for the Ex-
perimental Group. Motorized treadmill intervention began 
when infants acquired cephalic control and was interrupted 
by independent walking or at 14 months post-conceptual 
age. All babies were monthly assessed with Alberta Infant 
Motor Scale and the Experimental Group was filmed during 
the exercise on the motorized treadmill. Comparisons among 
groups and months were performed using analysis of variance 
(ANOVA) and multivariance (MANOVA). 

Results: Experimental Group infants acquired independ-
ent walking at 12.8 months and the Risk Control Group 
infants at 13.8 months of corrected age, which was delayed 
compared to the Typical Control Group (1.1 months; 

p<0.05). Experimental Group of infants showed alternated 
walking steps on the treadmill, which increased during 
the intervention period (p<0,05). They also improved their 
global motor development compared to Risk Control Group 
of infants. 

Conclusions: Motorized treadmill intervention facilitates 
independent walking acquisition and improves global mo-
tor development of infants at risk of developmental delay.

Key-words: child development; motor activity; devel-
opmental disabilities.

RESUMO

Objetivo: Examinar o efeito de intervenção em esteira 
motorizada na idade de aquisição da marcha independente 
em bebês de risco para atraso de desenvolvimento. 

Métodos: Estudo experimental com 15 lactentes a partir 
do 5º mês de idade, sendo cinco deles com risco de atraso 
de desenvolvimento submetidos a sessões de fisioterapia e 
intervenção em esteira motorizada (Grupo Experimental); 
cinco com risco de atraso de desenvolvimento submetidos 
apenas a sessões de fisioterapia (Grupo Controle de Risco); 
e cinco bebês sem risco de atraso (Grupo Controle Típico). 
As sessões de fisioterapia ocorreram duas vezes por semana, 
seguidas de intervenção em esteira motorizada para o grupo 
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experimental. Todos os bebês foram avaliados mensalmente 
pela Alberta Infant Motor Scale e os participantes do grupo 
experimental foram filmados durante a realização das pas-
sadas na esteira. Comparações entre os grupos ao longo do 
tempo foram realizadas por análise de variância (ANOVA) 
e de multivariância (MANOVA).

Resultados: Os bebês do Grupo Experimental adquiri-
ram a marcha independente aos 12,8 meses e os do Grupo 
Controle de Risco aos 13,8 meses de idade corrigida, sendo 
que a aquisição do Grupo Controle de Risco ocorreu mais 
tarde em relação ao Grupo Controle Típico (1,1 meses; 
p<0,05). Os bebês do grupo experimental apresentaram 
padrão alternado das passadas na esteira, que aumentou ao 
longo da intervenção (p<0,05), e mostraram melhora do de-
senvolvimento motor global em relação aos bebês do Grupo 
Controle de Risco.  

Conclusões: A esteira pode ser considerada um agente 
facilitador para a aquisição do andar independente e do 
desenvolvimento motor global de bebês com risco de atraso 
de desenvolvimento.

Palavras-chave: desenvolvimento infantil; atividade 
motora; deficiências do desenvolvimento.

RESUMEN

Objetivo: Examinar el efecto de intervención en cami-
nadora automática en la edad de adquisición de la marcha 
independiente en bebés de riesgo para retraso de desarrollo. 

Métodos: Estudio experimental de 15 lactantes a partir del 
5º mes de edad, siendo 5 con riesgo de retraso de desarrollo 
sometidos a sesiones de fisioterapia e intervención en camina-
dora automática (grupo experimental); 5 de riesgo de retraso 
de desarrollo sometidos solamente a sesiones de fisioterapia 
(grupo control de riesgo); y 5 bebés sin riesgo de retraso 
(grupo control típico). Las sesiones de fisioterapia ocurrieron 
2 veces en la semana, seguidas de intervención en caminadora 
automática para el grupo experimental. Todos los bebés fueron 
evaluados mensualmente por la Alberta Infant Motor Scale y 
los del grupo experimental fueron filmados realizando los pasos 
en la caminadora. Comparaciones entre los grupos a lo largo 
del tiempo fueron realizadas utilizando análisis de variancia 
(ANOVA) y de multivariancia (MANOVA).

Resultados: Los bebés del grupo experimental adqui-
rieron la marcha independiente a los 12,8 y los del grupo 
control de riesgo a los 13,8 meses de edad corregida, siendo 
que la adquisición del grupo control de riesgo ocurrió más 

tarde que en el grupo control típico (1,1 meses; p<0,05). Los 
bebés del grupo experimental presentaron estándar alternado 
de los pasos en la caminadora, que aumentó a lo largo de la 
intervención (p<0,05) y mostraron mejora en el desarrollo 
motor global respecto a los bebés del grupo control de riesgo.  

Conclusión: La caminadora puede ser considerada un 
agente facilitador para la adquisición de la marcha indepen-
diente y del desarrollo motor global de bebés de riesgo de 
retraso de desarrollo.

Palabras-clave: desarrollo infantil; actividad locomotora; 
caminadora automática/utilización; trastornos de retraso del 
desarrollo.

Introduction

Babies who are at risk of developmental problems exhibit 
delayed acquisition of a range of different motor milestones 
and one of the most important of these is independent walk-
ing. Among babies with typical development, acquisition 
of walking is at around 12 months(1), whereas, in premature 
and low birth weight children, acquisition is at 14 months 
of corrected age(2-4). This delay is caused by the baby’s im-
mobility when in an ICU bed(5-7), by the environment of the 
Neonatal ICU, which is rich in stimuli that are prejudicial 
to babies’ development, and by asymmetries in muscle tone, 
which manifest as passive and active muscle imbalances and 
by excessive increases in muscle tone around the trunk(5,7-9).

Babies who are at risk of developmental delay do not 
therefore receive stimulation from their environment and, in 
particular, stimulation of motor actions that are indispens-
able to the process of development, in the same way that 
babies with typical development do(10,11).  As a result, babies 
at risk of developmental delay have greater difficulty in 
learning and acquiring new motor abilities, with a negative 
influence on motor, social and cognitive development(5,7).

Since acquisition of new behavior is dependent on modi-
fications to cerebral connections(12), and since environmental 
stimuli induce cerebral restructuring and maintenance of 
the central nervous system(13,14), appropriate stimulation can 
promote babies’ development and, especially so, the devel-
opment of babies at risk of delay. Therefore, intervention 
protocols come to play a decisive role in creating favorable 
conditions that are designed to aid motor ability acquisition.

Babies with Down Syndrome who underwent a longi-
tudinal intervention program using a treadmill acquired 
independent walking 3 months before their peers who did 
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not participate in the intervention(15). In the case of babies 
with Down Syndrome, the treadmill intervention led to 
better postural control and increased muscle strength in 
the legs and stimulated the nervous connections involved 
in generating the movements of walking(15). One of the ad-
vantages of the treadmill is the ability to induce voluntary 
control of leg movements while taking steps, which should 
preferably be alternated(16-18). The treadmill can therefore 
facilitate transition from one behavior to another and babies 
who are unable to take steps similar to walking in a normal 
environment exhibit coordinated steps when exposed to the 
treadmill(17,19). 

The treadmill’s effect on acquisition of independent walk-
ing in babies with Down Syndrome and the need for early 
intervention with babies at risk of developmental delay raise 
two questions. Firstly, can treadmill intervention affect the 
age of acquisition of independent walking in high-risk ba-
bies? Also, does this type of intervention have an influence 
on the global motor development of such babies? The objec-
tive of this study was to investigate the effect of treadmill 
intervention with babies at risk of developmental delay on 
the age at which they acquire independent walking and on 
other motor development milestones that make up the infant 
motor repertoire during the first year of life.

Methods 

Fifteen babies were enrolled on the study and classified 
into one of three groups. Five babies who had been defined 
as at risk of developmental delay were allocated to the Ex-
perimental Group (EG - 5.8±0.4 months corrected age), 
five babies who had been defined as at risk of developmental 
delay were allocated to an At-Risk Control Group (RCG - 
6.1±0.4 months corrected age) and 5 babies free from any 
diagnosis of developmental risk made up the Typical Control 
Group (TCG - 7.4±0.9). The babies at risk of delay were 
recruited from babies screened at the Centro de Habilitação 
Infantil “Princesa Vitória”, Rio Claro, SP, and at the rehabili-
tation center in Araraquara, SP. These babies were allocated 
either to the EG or RCG after random selection and with 
the approval of their parents or guardians. Sample size was 
estimated using Cohen’s table(20) in order to test three means, 
with moderate estimates of magnitude (over 0.60) for the 
effect on dependent variables and statistical power of 0.80, 
returning a sample size of 5-7 babies in each group.

Babies were classified as at risk of developmental delay 
and so eligible for inclusion if one or more of the following 

factors were part of their clinical history(6,21,22): moderate 
prematurity (gestational age from 31 to 34 weeks); low 
birth weight (< 2500g); the occurrence, during the neonatal 
period, of respiratory distress syndrome; intrauterine growth 
restriction (small for gestational age – according to the  
Williams curve)(23); neonatal convulsions; cardiorespiratory 
arrest; prolonged mechanical ventilation (more than 7 days); 
prolonged oxygen therapy (more than 28 days); prolonged 
parenteral nutrition (administration of nutritional compo-
nents intravenously); fetal suffering during birth (meconium 
aspiration and 5-minute Apgar of less than 3); apnea and 
first and second degree intraventricular and periventricular 
hemorrhage. Babies were excluded from the study if they 
were diagnosed with extensive brain damage, confirmed 
by diagnostic tests and examinations, or if they had poor 
attendance at the intervention sessions. Babies without a 
diagnosis of risk of development were selected from family 
contacts and acquaintances and visits to daycare centers and 
schools in the city of Rio Claro.

Participation of each baby was conditional on signature 
of a consent form, by a parent or guardian. The study de-
sign was experimental and prospective, was approved by 
the Institutional Ethics Commission and complies with 
the norms and directives governing research involving hu-
man beings (ACTRN clinical trials registration number: 
12609000518268).

Babies in the EG were given physiotherapy at the re-
habilitation centers by professionals who were trained and 
specialized in physiotherapy applied to infant neurology and 
underwent the treadmill intervention twice a week. The 
treadmill intervention was conducted at the rehabilitation 
centers, after the physiotherapy session, and lasted 8 minutes. 
The babies were positioned vertically over a reduced-size 
treadmill, with weight loading their legs. A weight-support 
system was used to aid with maintaining an erect posture and 
the physiotherapist or guardian stayed in front of the baby 
holding their hands. The treadmill belt was run at a veloc-
ity of 0.28 m/s(24), in common with previous studies(15,25). 

Babies in the RCG were given similar physiotherapy 
treatment to that given to the EG babies, but they did not 
do the treadmill intervention. Babies in both groups started 
these treatments at around 6 months – cephalic control was 
a prerequisite for starting treatment – and were followed-up 
until acquisition of independent walking and/or a corrected 
age of 14 months. The physiotherapy sessions were based 
on the neurodevelopmental concept of motor development 
proposed by Bobath(26). 
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Finally, the 5 babies who were allocated to the TCG did 
not undergo physiotherapy or treadmill treatment, but were 
also followed-up until acquisition of independent walking 
and/or 14 months of age.

Babies in all three groups were assessed monthly using the 
Alberta Infant Motor Scale (AIMS) and babies in the EG were 
also assessed during their treadmill sessions. At these assess-
ments the babies were positioned on the treadmill, at the 
same velocity as during the intervention sessions (0.28m/s), 
and filmed for 2 minutes as they took the steps triggered by 
the treadmill(24). A Panasonic AG-DVC7P digital camera was 
positioned in the sagittal plane in order to film the babies’ 
legs talking steps on the treadmill(27). These assessments were 
conducted monthly until the babies achieved independent 
walking or reached 14 months of (corrected) age. 

The video footage was then used to analyze the steps of 
babies in the EG, triggered by the treadmill, using a program 
that allowed viewing frame-by-frame. This analysis was to 
identify the total number of steps each baby took at each 
session and also to quantify the number of each different 
type of step triggered off by the treadmill (single, alternate, 
double or parallel).

Analysis of variance (ANOVA) was used to detect possible 
differences in age of acquisition of independent walking be-
tween the groups. ANOVA was also used to test for possible 
differences in the number of each type of step at each monthly 
session, with the dependent variable being the number of steps 
triggered by the treadmill, of the alternate, single, parallel 
and double types. Finally, ANOVA was used to test for pos-
sible differences between groups and monthly assessments (3 
groups and 5 monthly assessments, treated as repeated mea-
sures) with the following dependent variables: AIMS score, 
AIMS percentile and age at each motor milestone. All of the 
assumptions for these tests were checked and met and, when 
necessary, univariate and post hoc (Bonferroni) tests were used. 
All analyses were performed using SPSS (version 10.0) and 
the significance level was set at p ≤ 0.05.

Results

Table 1 lists the final composition of each of the study 
groups, with information on gender, age at study outset and 
developmental risks.

The age of acquisition of independent walking and other 
motor milestones for the babies in all 3 groups are shown in 
Figure 1. Differences were observed between groups for age of 
acquisition of independent walking, with babies in the RCG 

being older at acquisition of walking than babies in the TCG 
(p<0.05). No difference was observed in age of acquisition 
of independent walking between EG and RCG or between 
EG and TCG. With regard to the age of acquisition of other 
motor milestones, such as rolling over, sitting without sup-
port, crawling, standing with assistance and standing without 
assistance, it was observed that they were acquired at a more 
advanced age among the RCG babies (p<0.05), but no signifi-
cant differences whatsoever were observed between groups nor 
any interaction between group and age for these milestones.

Figure 2 illustrates the number of steps triggered off by 
the treadmill for the EG babies. From 8 to 12 months of 
age the EG babies were predominantly exhibiting alter-
nate steps, with increases in the number of alternate steps 
observed from 8 to 9 months and from 9 months onwards 
(p<0.05). Furthermore, there was a trend for the number 
of parallel steps triggered by the treadmill to reduce along 
the months (p=0.09). 

Figure 3 illustrates AIMS scores (Figure 3A) and percen-
tiles (Figure 3B) for the babies in all three groups 6 to 14 
months, with significant difference between assessments 
(effect over time: p<0.05), a borderline group effect (p=0.07) 
and no interaction between group and assessment. Tukey’s 
post hoc test indicated a difference between the RCG and 
the TCG, but no differences between EG and RCG or be-
tween EG and TCG. Analyzing Figure 3A, it is observed 
that the RCG had lower scores than the TCG throughout 
the study. In contrast, although the EG scored lower than 
the TCG during the initial months, by the final months of 
the intervention, it was scoring close to the TCG. 

Analyzing the AIMS percentiles, there were differences 
between different assessment times (p<0.05), but no differ-
ences between groups nor any interaction between group and 
assessment. Percentiles increased over the initial months up 
to 8 months, plateaued until 11 months and then began to 
increase once more from 12 months on. Figure 3B shows 
that the babies at risk of delay (EG and RCG) began below 
the 50th percentile and that the EG babies had lower per-
centiles than the RCG babies up to 10 months. After 10 
months, the percentiles for the EG babies were superior to 
the RG babies’ and the EG babies exceeded the reference 
for normality from 12 months onwards.

Discussion

The results of this study indicate that treadmill interven-
tions change the age of acquisition of independent walking 
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in babies at risk of developmental delay, who achieved in-
dependent walking at a similar age to babies with typical 
development. The intervention also provoked an increase in 
the number of alternate steps taken. Finally, the treadmill 
intervention improved acquisition of other motor milestones, 
encouraging global motor development in these at-risk 

babies, bringing their results closer to what is observed 
among babies with typical development.

Babies at risk of developmental delay learn to walk later 
than babies with typical development, at around 14 months 
of corrected age(2-4), which was corroborated in this study by 
the age of acquisition of independent walking of the at-risk 

Table 1 - Initial and final composition of the Experimental Group, characteristics of the sample, and developmental risks.

Experimental Group – EG

Subject Sex Excluded**
Corrected Age (months)

Developmental risks
Initial Final

1 M 5.5 13.0 Prematurity
2 M 5.4 13.0 Prematurity, LBW*, Prolonged MV*, IUGR*
3 F 6.5 12.2 Fetal Suffering, Prolonged MV
4 M 5.7 13.0 Prematurity, Prolonged oxygen therapy 
5 F 5.8 13.0 Prematurity, IUGR, LBW
6 F X 7.0 X Prematurity , LBW
7 M X 6.6 X Prematurity, LBW, IUGR
8 M X 8.1 X Prematurity, Fetal Suffering
9 M X 6.5 X Prematurity, LBW
10 M X 5.8 X Prematurity, LBW
11 M X 6.7 X Prematurity, lung disease, prolonged MV
12 M X 6.7 X Prematurity, Fetal Suffering, CRA*
13 F X 6.0 X Prematurity
AT-Risk Control Group – RCG

Subject Sex Excluded**
Corrected Age (months)

Developmental risks
Initial Final

1 M 5.2 15.0 Prematurity, LBW
2 M 5.2 15.0 Prematurity, LBW
3 M 6.0 12.2 Prematurity, LBW, Fetal Suffering, IUGR
4 F 6.0 14.1 Prematurity, LBW, Fetal Suffering
5 F 6.0 13.0 Prematurity, LBW
6 F X 7.8 X Prematurity
7 M X 8.4 X Prematurity, LBW
8 M X 6.0 X Prematurity, Fetal Suffering
Typical Control Group– TCG

Subject Sex Excluded**
Chronological age (months)

Developmental risks
Initial Final

1 M 7.6 12.1 No developmental risk
2 F 7.3 12.4 No developmental risk
3 F 6.5 12.2 No developmental risk
4 F 6.7 12.4 No developmental risk
5 F 8.9 13.5 No developmental risk
6 F X 7.8 X No developmental risk
7 M X 7.4 X No developmental risk
8 F X 6.7 X No developmental risk
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Figure 1 - Mean and standard deviation for age of acquisition of the motor milestones rolling over, sitting without support, crawling, 
standing with assistance, standing without assistance and independent walking for the Experimental Group (EG), At-Risk Control 
Group (RCG) and the Typical Control Group (TCG). The ages given for the Experimental group and the At-Risk Control Group are 
corrected. * indicates a difference between groups (p<0.05).
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babies who did not undergo treadmill intervention. Even 
when they are given special care, such as physiotherapy, 
at-risk babies have reduced motor development velocity, 
at least for acquisition of independent walking, than those 
with typical development. Considering that the ability to 
walk offers a different relationship with the physical and 
interpersonal environments(28), delay in reaching this mile-
stone can impose a restriction on the global development of 
babies at risk of developmental delay.

The results of this study indicate that this motorized 
intervention facilitates acquisition of independent walk-
ing in at-risk babies, at an age similar to that observed 
among babies who are not at risk (a non-significant differ-
ence of just 10 days in age of acquisition of independent 
walking). In contrast, babies at risk of developmental de-
lay who were not stimulated using the treadmill acquired 
independent walking at an age that was statistically older 
than the babies with typical development. These results, 
therefore, replicate the effect of treadmill interventions 
on the acquisition of independent walking that has been 
observed with other populations(15), and could serve as 
the basis for the construction of treatment protocols for 
the promotion of the acquisition of independent walking 
in babies at risk of delay.Considering that the treadmill 
intervention facilitates acquisition of independent walk-
ing, it is important to discuss the reasons for and causes 
of this effect. Although no direct comparison between 

Figure 3 - Mean and standard deviation for Alberta Infant Motor Scale score (A) and Alberta Infant Motor Scale score as percentile (B) for 
the babies in the Experimental Group (EG), At-Risk Control Group (RCG) and Typical Control Group (TCG) over the months of intervention. 
The ages given for the Experimental group and the At-Risk Control Group are corrected. * indicates a difference between groups (p<0.05).
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groups was possible, the babies at risk of developmental 
delay who were exposed to the treadmill intervention 
increased the number of alternate steps they took during 
the initial months. According to Thelen et al(28,29), the 
treadmill triggers at least four types of steps, but it is 
alternate steps, with a similar pattern to that of indepen-
dent walking, that are preferable for full term babies(28), 
premature babies(19), and babies with cerebral palsy(27) 
and Down syndrome(15). As age increases and the infant 
gets closer to acquiring independent walking, the total 
number and the number of alternate steps triggered by 
the treadmill increases, as the number of other types of 
step reduces(28-30). The results observed here corroborate 
those observations, since the at-risk babies who under-
went the intervention did not only increase the number 
of steps on the treadmill, but also increased the number 
of alternate steps during the first months of intervention 
and maintained this acquisition during the months that 
followed. Therefore, the treadmill intervention provided 
the conditions for independent walking to be executed 
and repeated under similar conditions to those in which 
this milestone is reached independently.

Considering that the babies at risk of delay differ from 
those with typical development in terms of the age of 
acquisition of independent walking, when they are not 
exposed to a treadmill intervention, it could be suggested 
that the specificity and similarity between the intervention 
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conditions and the prerequisites for achieving independent 
walking are crucial elements that determine the efficacy of 
the intervention, as has been suggested for other popula-
tions(15). However, treadmill intervention also impacts on 
the acquisition of other motor and cognitive milestones, at 
least in the case of babies with Down syndrome(31).

This study suffers from certain limitations, such as, 
for example, the small number of subjects analyzed and 
composition and formation of study groups. Furthermore, 
there are many doubts about the efficacy of the intervention 
protocol employed: weekly frequency, length of sessions, 
treadmill velocity, and other factors. Despite these limita-
tions and facts, the results indicate trends differentiating 
the babies at risk of delay, both in terms of age of acquisi-
tion of the milestones and in terms of global motor de-
velopment on the basis of exposure to the treadmill. More 
specifically, when babies at risk of developmental delay 
were exposed to the treadmill intervention they exhibited 
ages of acquisition of certain modes of milestones, those 
that are reached during the first year of life, close to the 
edge of acquisition of the babies with typical development 
and also exhibited a level of global motor development that 
was closer to what is observed among babies with typical 
development. In contrast, babies at risk of delay who were 
not exposed to the treadmill intervention tended to differ 
from the babies with typical development and even from 
their peers at risk of developmental delay.

On the basis of the findings described above, the treadmill 
does not only facilitate acquisition of independent walk-
ing earlier among babies at risk of developmental delay, 
as has been shown among babies with Down syndrome(15) 
and preterms(19), but also promotes improvements in other 
aspects of motor development. One possible explanation 
for the effect on other motor abilities is that the treadmill 
stimulates development of muscle strength and postural 
control, encouraging the babies to seek new sensory-motor 

experiences in other positions. Despite the speculative char-
acter of these proposals, exposure to a treadmill appears to 
provide the baby with a new relationship with the environ-
ment in a wide range of contexts. In the case of babies at risk 
of developmental delay, the treadmill intervention does not 
only provide the opportunity to take steps and experience 
postures and relationships with surroundings, but may also 
play the role of “removing” one possible contention related 
to executing certain modes of activities that would not be 
performed without the intervention.

Finally, the AIMS proved capable of identifying global 
motor changes in babies at risk of developmental delay. 
Individual scores and percentiles for the experimental 
group approached the results of the typical control group 
in the last months of the intervention. Therefore, the AIMS 
indicated a positive effect from the treadmill intervention 
on the global motor development of babies at risk of delay. 
Bearing in mind the good sensitivity, specificity and accuracy 
offered by the scale for the identification of motor delays in 
babies(32), it can be concluded that the treadmill and AIMS 
are accessible resources that are effective for identification of 
and intervention with babies at risk of developmental delay.

Summing up, the treadmill promoted the acquisition 
of independent walking by babies at risk of developmental 
delay at an age compatible with what is observed among 
babies with typical development. Furthermore, the treadmill 
intervention also provoked improvement in the global de-
velopment of babies at risk of delay. Despite the limitations 
of this intervention protocol, which is aimed at promoting 
the development of babies in the initial months of life, its 
results are promising and support the use of treadmills for 
promoting the acquisition of independent walking and 
global development of babies at risk of delay. Further stud-
ies should be conducted with the objective of better under-
standing and answering questions related to improving the 
application and effects of this type of intervention.

References

1. Frankenburg WK, Dodds J, Archer P, Shapiro H, Bresnick B. The Denver II: a 
major revision and restandardization of the Denver Developmental Screening 
Test. Pediatrics 1992;89:91-7.

2. Jeng SF, Chen LC, Tsou KI, Chen WJ, Luo HJ. Relationship between 
spontaneous kicking and age of walking attainment in preterm infants with 
very low birth weight and full-term infants. Phys Ther 2004;84:159-72.

3. Jeng SF, Lau TW, Hsieh WS, Luo HJ, Chen PS, Lin KH et al. Development 
of walking in preterm and term infants: age of onset, qualitative features and 
sensitivity to resonance. Gait Posture 2008;27:340-6.

4. Jeng SF, Yau KI, Liao HF, Chen LC, Chen PS. Prognostic factors for walking 
attainment in very low-birthweight preterm infants. Early Hum Dev 2000;59:159-73.

5. de Groot L. Posture and motility in preterm infants. Dev Med Child Neurol 
2000;42:65-8.

6. Lenke M. Motor outcomes in premature infants. Newborn and Infant Nursing 
Reviews 2003;3:104-9.

7. Samsom JF, de Groot L. The influence of postural control on motility and hand 
function in a group of ‘high risk’ preterm infants at 1 year of age. Early Hum 
Dev 2000;60:101-13.

98
Rev Paul Pediatr 2011;29(1):91-9.

Treadmill training effects on walking acquisition and motor development in infants at risk of developmental delay 



8. de Groot L, Hopkins B, Touwen B. Motor asymmetries in preterm infants at 18 
weeks corrected age and outcomes at 1 year. Early Hum Dev 1997;48:35-46.

9. Samsom JF, de Groot L, Hopkins B. Muscle power in “high-risk” preterm infants 
at 12 and 24 weeks corrected age: a measure for early detection. Acta Paediatr 
2001;90:1160-6.

10. Barela JA. Atividade física adaptada e reabilitação: ciclo percepção-ação. Rev 
Sobama 2005;10:15-21.

11. Polastri PF, Barela JA. Perception-action coupling in infants with Down 
syndrome: Effects of experience and practice. Adapt Phys Act Q 2005;22: 
39-56.

12. Piovesana A, Gonçalves V. Neuroplasticidade. In: Moura-Ribeiro M, Gonçalves 
V, editors. Neurologia do desenvolvimento da criança. Rio de Janeiro: Revinter; 
2006. p. 130-41.

13. Bonnier C. Evaluation of early stimulation programs for enhancing brain 
development. Acta Paediatr 2008;97:853-8.

14. Oyama S. A reformulation of the idea of maturation. In: Bateson PPG, Klopfer 
PH, editors. Perspectives in ethology. Vol. 5. New York: Plenum; 1982. p. 101-31.

15. Ulrich DA, Ulrich BD, Angulo-Kinzler RM, Yun J. Treadmill training of infants 
with Down syndrome: evidence-based developmental outcomes. Pediatrics 
2001;108:E84.

16. Ulrich BD, Ulrich DA, Angulo-Kinsler RM. The impact of context manipulations 
on movement patterns during a transition period. Hum Mov Sci 1998;17: 
327-46.

17. Thelen E, Smith LB. A dynamic systems approach to the development of 
cognition and action. Cambridge: MIT Press; 1994.

18. Thelen E, Ulrich BD, Niles D. Bilateral coordination in human infants: Stepping 
on a split-belt treadmill. J Exp Psychol Hum Percept Perform 1987;13:405-10.

19. Davis DW. Treadmill-elicited stepping in low birthweight infants born 
prematurely [Dissertation]. Indiana: University School of Nursing; 1991.

20. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.  New 
Jersey: Lawrence Erlbaum; 1988.

21. American Academy Pediatrics. Follow-up care of high-risk infants. Pediatrics 
2004;114:1377-97.

22. Murphy DJ, Sellers S, MacKenzie IZ, Yudkin PL, Johnson AM. Case-control 
study of antenatal and intrapartum risk factors for cerebral palsy in very preterm 
singleton babies. Lancet 1995;346:1449-54.

23. Williams R, Creasy R, Cunningham G, Hawes W, Norris F, Tashiro M. Fetal 
growth and perinatal viability in California. Obstet Ginecol 1982;59:624-32.

24. Schlittler DXC. Uso de esteira motorizada na promoção do desenvolvimento 
motor de bebês com risco de atraso desenvolvimental [Dissertação de 
mestrado]. Rio Claro: Universidade Estadual Paulista; 2009.

25. Ulrich DA, Lloyd MC, Tiernan CW, Looper JE, Angulo-Barroso RM. Effects 
of intensity of treadmill training on developmental outcomes and stepping 
in infants with Down Syndrome: A randomized trial. Phys Ther 2008;88: 
114-22.

26. Bobath B. The very early treatment of cerebral palsy. Dev Med Child Neurol 
1967;9:373-90.

27. Ferreira JN, Barela JA. Passadas desencadeadas por esteira rolante 
em crianças portadoras de paralisia cerebral. Rev Sobama 2000;5: 
39-44.

28. Thelen E, Ulrich BD. Hidden skills: a dynamic systems analysis of treadmill 
stepping during the first year. Monogr Soc Res Child Dev 1991;56:1-98.

29. Thelen E. Treadmill-Elicited Stepping in 7-Month-Old Infants. Child Dev 
1986;57:1498-506.

30. Vereijken B, Thelen E. Training infant treadmill stepping: The role of individual 
pattern stability. Dev Psychobiol 1997;30:89-102.

31. Ulrich DA. Treadmill training & infants with Down syndrome: impact on walking 
& cognitive behavior. In: VI Congresso Brasileiro de Atividade Motora Adaptada 
(CBAMA). Rio Claro, Brazil; 2005.

32. Campos D, Santos D, Gonçalves V, Goto M, Arias A, Brianeze A et al. 
Agreement between scales for screening and diagnosis of motor development 
at 6 months. J Pediatr 2006;82:470-4.

99
Rev Paul Pediatr 2011;29(1):91-9.

Diana Xavier C. Schlittler et al


