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Motor development evaluated by Test of 
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comparação entre lactentes pré-termo e a termo 
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Abstract

Objectives: To compare the motor development of preterm infants whose gestational age had been corrected to 38-40 weeks with full 

term newborns using the Test of Infant Motor Performance (TIMP). Methods: The cross-sectional study compared preterm infants (PT 

group), with a gestational age at birth of 28-33 weeks, at an equivalent age to full term newborns (FT group), who were assessed up to 

48 hours after birth. The assessments were performed between December 2008 and April 2009 in a hospital nationally recognized for 

premature infant care in the city of Recife, PE, Brazil. The sample consisted of 92 infants, 46 in each group. The test was administered 

at age 38-40 weeks (or equivalent age in the PT group). Results: In the 46 preterm infants studied, 26.1% were classified as atypical, 

while in the FT group 100% were classified as typical (p<0.001). Moreover, there was a significant difference in average raw TIMP score 

between the two groups, with the PT group being lower (p<0.001). Conclusions: According to TIMP performance, prematurity seems to 

be associated with impaired motor development.
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Resumo

Objetivos: Comparar, por meio do Test of Infant Motor Performance (TIMP), o desenvolvimento motor de lactentes nascidos pré-termo 

que estavam com idade gestacional corrigida de 38 a 40 semanas com o de recém-nascidos a termo. Métodos: Estudo de desenho 

transversal em que se comparou o desempenho motor de lactentes pré-termo (grupo RNPT), com idade gestacional no parto de 28 a 

33 semanas, avaliados na idade equivalente ao termo, com o de recém-nascidos a termo (grupo RNT), avaliados em até 48 horas de 

vida, por meio do TIMP. A coleta dos dados foi realizada no período de dezembro de 2008 a abril de 2009, num hospital de referência 

para assistência a prematuros na cidade de Recife, PE, Brasil. A amostra foi constituída de 92 lactentes, 46 para cada grupo. O teste 

foi aplicado na idade de 38 a 40 semanas de idade gestacional (corrigida, no caso dos lactentes nascidos pré-termo). Resultados: 

Dos 46 lactentes pré-termo avaliados, 26,1% foram classificados como atípicos, enquanto 100% dos recém-nascidos a termo foram 

classificados como típicos (p<0,001). Além disso, houve diferença significativa na média do escore bruto do teste nos dois grupos, 

sendo a média do grupo RNPT menor (p<0,001). Conclusões: A prematuridade parece estar associada a prejuízo no desenvolvimento 

motor, avaliado pelo TIMP.
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Introduction 
Technological advances in the care of preterm newborns 

(PTN) have contributed to reduced mortality levels in this 
population1-3. Nevertheless, the number of preterm infants 
presenting alterations in neuromotor function, hearing, lan-
guage and cognitive development has increased3-5. Greater 
understanding of these alterations is extremely important, 
since they can have psychomotor effects and impair learn-
ing when these children reach school age6,7. Early diagnosis 
of these alterations is necessary so that motor interventions 
can be initiated as early as possible4.

The uterine environment in the third trimester offers 
a series of sensory stimuli for the vestibular, tactile, kines-
thetic and auditory systems, producing beneficial effects on 
fetal development8. However, when premature childbirth 
occurs, newborns (NB) submitted to a neonatal intensive 
care unit (NICU) may be exposed to environmental stimuli 
such as a high level of background noise, a lack of daily light-
dark cycle and excessive handling, which can be harmful to 
the NB because of his/her immaturity8,9.

In addition, the PTN presents hypotonia and central 
nervous system (CNS) immaturity which, associated with 
the excessively large incubator space and the action of grav-
ity, cause extended posture and difficulty executing flexion 
movements8,9. These phenomena occur during a period of 
enhanced cerebral organization and high cephalic plastic-
ity, making the CNS highly vulnerable to environmental 
influence9,10. The musculoskeletal system of the PTN is also 
very vulnerable to the NICU environment and the baby’s ex-
tended posture predisposes him/her to muscular retractions, 
which can cause further delays in motor development11,12.

Investigations on muscular tonus in PTN have been 
conducted with techniques involving reflex and behavioral 
responses. The results of these studies have indicated that 
preterm infants present abnormal trunk muscular tone, 
which induces developmental delays12-14.

On the other hand, the high plasticity of PTN nervous and 
musculoskeletal systems makes them sensitive to beneficial 
or harmful stimuli.  Early motor intervention can facilitate 
motor development and help minimize the harmful effects 
of the NICU environment8,10,11. The use of standardized tests 
is necessary for adequate diagnosis of motor performance 
as well as adequate early intervention10,15,16. Among the spe-
cific tests used to assess the motor development of babies, 
the Test of Infant Motor Performance (TIMP) was developed 
for early identification of neuromotor disturbance and to 
assess the efficacy of physical and occupational therapy in 
clinical practice17,18. It is a standardized test for assessing 
babies from 34 weeks postconceptional age to four months 

past term equivalent age. It considers the influences of the 
infant’s neurological maturation, the environment, the force 
of gravity and posture on motor development. The test is 
composed of two parts, one of observed items in which 
spontaneous movements are recorded and the other of elic-
ited items in which the motor response is recorded during 
different movements and postures, as well as the infant’s 
attention to visual and auditory stimuli17-19.

There are other instruments20-23 for assessing the devel-
opment of newborns, but they are designed for infants with 
over 40 weeks of corrected gestational age or those at least 
four months of age. Although studies10,24-27 assessing the mo-
tor development of preterm infants below this age group 
have been conducted, few have investigated motor skills in 
detail with the TIMP26,27, and the latter did not study pre-
term and full term infants comparatively. 

Therefore, the purpose of the present study was to com-
pare the motor development of preterm newborns with that 
of full-term newborns (FTN) using the TIMP. 

Methods 
This study was developed at the Instituto de Medicina 

Integral Prof. Fernando Figueira (IMIP), in Recife, PE, Brazil, 
which is a nationally recognized hospital for low birthweight 
NB, where 5000 babies are born annually, 29.5% of whom 
are premature28. Data collection was carried out between 
December 2008 and April 2009. This is a cross-sectional 
design study, in which the TIMP was used to compare the 
motor development of two groups of newborns; one group 
of preterm infants and another of full-term infants. This 
study considered the raw test score and the classification 
as either typical or atypical according to the z-score, as 
recommended in the test handbook.  The first group (PTN) 
consisted of preterm infants born at the IMIP with gesta-
tional ages between 28 and 33 weeks and whose age was 
equivalent to full term (38 to 40 weeks) when the test was 
administered. Within this group, a subgroup of PTN was 
studied that had suffered clinical intercurrences (infections, 
persistence of the arterial duct and intracranial hemor-
rhage grade I or II). The second group (FTN) consisted of 
full term newborns born at the IMIP whose gestational age 
was between 38 and 40 weeks. The PTN group was selected 
through analysis of the medical records of NB hospitalized 
at the IMIP neonatal unit and the FTN group was selected 
from the IMIP’s rooming-in unit. 

Newborns who were in the NICU on their evaluation 
day were excluded, as were those whose medical records 
included any of the following occurrences: an Apgar score 
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below 7 in the fifth minute, the presence of congenital mal-
formations or a diagnosis of congenital infection, a genetic 
syndrome (confirmed or suspected), an image diagnosis of 
intracranial hemorrhage grade III or IV and/or periventricu-
lar leukomalacia and/or cysts or intracranial abscesses, a 
diagnosis of bronchodysplasia, infections of the nervous 
system or submission to any surgical procedure, being small 
for gestational age (birthweight below the 10th percentile) or 
having a mother addicted to alcohol or illicit drugs. 

The sample size for each group was determined with 
the following formula: N=2(Z

α
 + Z

β
)2 . σ2/ d2 , where N is 

the sample size, Z
α
=1.96 (α=0.05), Z

β
=0.84 (β=0.80), σ=14, 

according to Campbell et al.27, and the estimation of the 
minimal difference between the mean of the raw score of 
the PTN and FTN groups was 8 (d=8) according to the pilot 
study. The sample size determined was 48 newborns for 
each group. This number was increased by 10% to compen-
sate for possible losses, resulting in a total of 53 infants for 
each group.

Data collection related to the NB’s maternal, biological 
and clinical variables was carried out on the same day that 
the TIMP was administered and was transcribed to a spe-
cially-created form. Maternal variables included age, educa-
tion level, family income, type of childbirth and number of 
prenatal consultations. NB biological and clinical variables 
included gender, gestational age at childbirth, corrected 
gestational age on the day of assessment, birthweight, Apgar 
score in the first and fifth minutes, the presence of clinical 
intercurrences (infections, persistence of the arterial duct, 
intracranial hemorrhage levels I or II), length of stay in the 
NICU and newborn intermediate care unit  (NIC) and in kan-
garoo care (stay at the Kangaroo Care Unit of the hospital), 
time since discharge (time elapsed between infant discharge 
and TIMP assessment), raw TIMP score and classification 
of motor development (typical or atypical) according to the 
TIMP. 

The TIMP was administered by one of the authors 
(CLNG or ACGB) who had been trained in handling at-risk 
newborns as well as the in use of the scale by the test train-
ing program.  The test formula was filled out at the time the 
test was applied. Each test session was filmed, recorded to 
DVD and subsequently analyzed by the research team, from 
which the test result was defined by consensus. 

Standardized material and protocol were used to admin-
ister the TIMP29. To obtain a reliable response, the infant 
should be in states 3, 4 or 5 described in the Brazelton Neo-
natal Behavioral Assessment Scale (somnolence, alert inac-
tive and alert active, respectively), dressed only in diapers 
and lying on firm surface (rubber mat) at room temperature 
(25-29 oC). The test began with the observational items; the 

researcher was allowed to visually or verbally stimulate the 
infant to keep him/her in the above mentioned states of 
consciousness in order to facilitate observation of sponta-
neous movement. This part was scored as 1 for the presence 
of motor response and 0 for the absence of response. The 
elicited items were then evaluated, with up to three repeti-
tions of each item. The best response was chosen for scoring 
purposes. In this part each item was graded according to 
the skill level presented29.

The quantification of the raw score was based on the 
sum of the values obtained in each of the items29. Develop-
ment was classified according to the Z-score ( from the nor-
malization of the raw score) as either typical (Z-score ≥-0.5) 
or atypical (Z-score <-0.5)30. 

This investigation was approved by the Research Ethics 
Committee of the IMIP, under protocol 1312-08. The individ-
uals responsible for the newborns gave free and informed 
consent for their participation in the study and signed the 
consent form. 

Statistical analysis 

Prior to statistical analysis, the normality of distri-
bution (Kolmogorov-Smirnov test) and homogeneity of 
variance between groups (Levene test) were verified. The 
analyses took these sampling characteristics into consid-
eration. Student’s t-test was used to compare the mean 
raw score values between groups. The Mann-Whitney 
U-test was used to compare the medians (Apgar scores). 
For correlations between the clinical variables and the raw 
TIMP score, Pearson’s Correlation was used if the variables 
were normally distributed (birthweight, length of stay at 
NICU and in kangaroo care) and Spearman’s Correlation 
if they were non-normally distributed (gestational age 
and length of discharge). To compare the frequency values 
(typical or atypical) between the groups, the Fisher’s Exact 
Test was used since the data did not match the criteria for 
the Chi-square test. The alpha value was 0.05 to reject the 
null hypothesis. 

Results 
Of the 106 newborns initially selected (55 PTN and 51 

FTN), nine of the preterm babies that had already been 
discharged from the hospital did not return for the TIMP 
assessment. Five full-term babies did not complete the as-
sessment since they moved into Brazelton state 6 (crying) 
during the test. Thus, the final sample was 92 newborns, 
with 46 in each group. 
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Of the maternal characteristics (Table 1) – age group, 
education level, family income, type of childbirth and num-
ber of prenatal consultations – only the final one diverged 
statistically (p=0.024). Regarding the age of the newborns, it 
was verified that the mean gestational age at birth was 31.1 
weeks (SD=1.5) in the PTN group and 38.6 weeks (SD=0.5) in 
the FTN group. The mean birthweight was 1424 g (S=321.1) 
in the PTN group and 3158 g (SD=565.4) in FTN. Regarding 
gender, 52.1% of the PTN group were male and 50% of the 
FTN group were male. The median Apgar Score at the fifth 
minute was 9.0 (min. 7 and max. 10) in the PTN group and 
9.0 (min. 8 and max. 10) in the FTN group, with no statistical 
difference between them. In the PTN group, a subgroup of 
18 newborns presented one or more intercurrences: 15 had 
slight infectious affections (and one also had a grade I or II 
intracranial hemorrhage) and three had persistence of the 

arterial duct (and one also had a grade I or II intracranial 
hemorrhage). 

Regarding the raw score (Table 2), PTN performance was 
significantly lower (14.5%) than FTN, with mean scores of 
58 (SD=7.9) and 67.9 (SD=5.3), respectively (p<0,001). Re-
garding motor development (Table 2), 12 of the 46 preterm 
newborns (26.1%) were classified as atypical, while 100% of 
the FTN were classified as typical (p<0.001).

Regarding the presence of intercurrences (Table 3) in the PTN 
group, there were no statistical differences in either mean raw 
score (p=0.246) or motor development classification (p=0.308).

According to the correlation tests, no association was 
found between the raw score and the variables birthweight, 
gestational age, length of stay in the NICU and NIC, length 
of stay in the Kangaroo Unit and length after discharge for 
PTN or between birthweight and gestational age for FTN. 

Variables PTN FTN Total PR (CI) p
n (%) n (%) n (%)

Age (Years) 0.685*
<18 7 (53.8) 6 (46.2) 13 (100) 1.00
18-35 37 (50.7) 36 (49.3) 73 (100) 1.06 (0.61-1.84)
>35 2 (33.3) 4 (66.7) 06 (100) 1.62 (0.47-5.57)

Schooling (years) 0.707*
<4 03 (50.0) 03 (50.0) 06 (100) 1.00
4 to 8 09 (42.9) 12 (57.1) 21 (100) 1.17 (0.46-2.99)
>8 31 (53.4) 27 (46.6) 58 (100) 0.94 (0.41-2.16)

Income 0.241*
<1 8 (44.4) 10 (55.6) 18 (100) 1.00
>1 38 (51.3) 36 (48.7) 74 (100) 0.87 (0.49-1.52)

Delivery type 0.325*
Normal childbirth 21 (53.8) 18 (46.2) 39 (100) 1.00
Surgical childbirth 25 (49.0) 26 (51.0) 51 (100) 1.10 (0.73-1.64)
Forceps childbirth 00 (0.0) 02 (100.0) 02 (100) 0.00 (0.00-0.00)

Prenatal care (n) 0.024*
0 03 01 04 (100) 1.00
1 to 5 26 16 42 (100) 1.21 (0.66-2.24)
>5 14 27 41 (100) 2.20 (1.08-4.46)

Table 1. Maternal variables of preterm infants and fullterm newborn  evaluated by Test of Infant Motor Performance at Instituto de Medicina Integral 
Prof. Fernando Figueira, 2009.

*Exact Fisher test; PTN=preterm newborn; FTN=fullterm newborn; n=absolute frequence; %=relative frequence; PR=prevalence ratio; CI=confidence interval.

Table 2. Raw-score and classification of motor development of preterm infants at equivalent age and fullterm newborn as the Test of Infant Motor 
Performance, at Instituto de Medicina Integral Prof. Fernando Figueira, 2009.

PTN FTN p
Raw-score (mean±SD) 58.0±7.9 67,9±5.3 p<0.001*

Motor development
Tipical n (%) 34 (73.9) 46 (100.0)

p<0.001**Atipical n (%) 12 (26.1) 0 (0.0)
Total n (%) 46 (100.0) 46 (100.0)

* Student’s t-test; ** Exact Fisher test; SD=Standard deviation; n=absolute frequence; %=relative frequence; PTN=preterm newborn; FTN=fullterm newborn. 
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Discussion 
 The results of the TIMP assessment revealed that preterm 

newborns present, at an equivalent age, poorer motor per-
formance than full-term newborns, both in raw score and in 
classification as typical or atypical. These findings are similar 
to those of other authors investigating preterm newborns simi-
lar in age to the sample in this study24,10. One of these studies24 
used specially-developed software to assess motor response in 
preterm and full-term newborns and compared video of four 
items tested in both groups (PTN and FTN at the same age), 
verifying that the preterm newborns had poorer motor perfor-
mance than the full-term newborns. Another study10 using a 
goniometer to assess muscular tone showed that it was lower 
in preterm than in full-term newborns. Mercuri et al.25, using a 
neonatal behavioral examination, found that the preterm new-
borns had lower flexor tone in the limbs and extensor tone in 
the neck than full-term newborns. The fact that these studies, 
although methodologically different, found motor insufficien-
cies in premature newborns supports the evidence that the 
preterm newborns, even when reaching term age, still present 
poorer motor performance than the full-term newborns. 

It is important to point out that the differences found in the 
present study are not due to maternal characteristics, since they 
did not differ between the groups, except regarding the number 
of prenatal consultations, but this comparison is not informative 
because the infants were born at a lower gestational age. 

On the other hand, differing from the present study, several 
authors have found an association between gestational age31,32 
or birthweight31,32 or a longer stay in the hospital after birth31 
and risk factors for delayed motor development. This differ-
ence, in comparison to our results, could be explained by the 
use of different criteria to determine associations. In fact, the 
purpose of the correlations found in this study was to deter-
mine the association between the size of the absolute values 
of the raw score with the size of the infants’ exposure factors, 
while other studies have investigated the relationship between 
dichotomous outcomes (presence or absence) with exposure 
factors. Since no relationships were found between raw score 

 With intercurrences* (n=18)
Without intercurrences*

(n=28)
p

Raw-score (mean±SD) 56.39±6.51 59.07±8.79 p<0.246**

Motor development
Tipical n (%) 15 (83.3) 18 (66.7)

p<0.308***Atípical n (%) 3 (16.7) 9 (33.3)
Total n (%) 18 (100.0) 27 (100.0)

Table 3. Raw-score and classification of motor development at preterm infants with or with or without intercurrences* according to the Test of Infant 
Motor Performance, 2009.

SD=Standard deviation; n=absolute frequence; %=relative frequence; PTN=preterm newborn; FTN=fullterm newborn; * intercurrences: slight infections, persistent ductus arteriosus 
and/or intracranial hemorrhage grade I or II; ** Student’s t-test; *** Exact Fisher test.

and any of these factors in isolation, it is possible that the ef-
fect observed in the premature babies was due to a synergistic 
interaction between the exposure factors. 

A fundamental difference between the two groups com-
pared in this study was the environment to which they were 
exposed in the weeks that preceded the TIMP assessment.  
Preterm newborns were exposed to the environments of the 
NICU and NIC, the Kangaroo Unit or even their home while the 
FTN group remained in the intrauterine environment. There is 
evidence that the high noise level, intense luminosity, lack of 
day/night cycles and excessive handling in the NICU and NIC 
environments might damage preterm infant development8, 
whereas intrauterine environmental factors might facilitate 
development9. Therefore, since the age of preterm infants was 
corrected to equal that of the FTN group, the observed differ-
ences could have been due to the reduced stay in intrauterine 
environment and to inundation with stress factors in the NICU 
during a period of insufficient neurological maturity.

The fact that PTN weight was not measured on the TIPM 
evaluation day can be counted among the limitations of the 
present study, since it precluded verification of any association 
between weight and the raw TIMP score. Another limitation 
that might have caused a bias is the fact that the losses in the 
PTN group were all newborns who had already been discharged 
on the TIMP assessment day. However, variation in time since 
discharge showed no association with the outcome. 

In summary, the findings of this study support previous 
results that prematurity has a negative influence on motor per-
formance, putting the preterm infant at a disadvantage when 
compared to the full term infant, and that the TIMP is valuable 
for investigating motor development in premature newborns 
who are studied at term age. In addition, this is the first study, 
to our knowledge, using the TIMP to compare newborns in this 
age group. Longitudinal studies would be relevant for investi-
gating whether the differences found in this study persist over 
time, as well as whether the observed differences carry over 
into the posterior neuropsychological development of these 
infants.  Interventional studies verifying the efficacy of appro-
priate stimulation programs would be of equal importance. 
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