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Infants at risk are defined as infants whose neg-
ative environmental and biologic factor history is 
likely to cause neurodevelopmental problems.1 Ac-
cordingly, infants with a neurological problem due to 
intraventricular hemorrhage (IVH), periventricular 

leukomalacia (PVL), hypoxic ischemic encephalopa-
thy (HIE), intrauterine growth retardation, born less 
than 1,500 g and born before 32 weeks are included 
in the infants at risk.2 Infants whose gestational age is 
less than 37 weeks are referred to as preterm infants.3 
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ABS TRACT Objective: The aim of this study was to compare motor, 
cognitive and gross motor development of preterm and term infants 
with mild-moderate risk factors and typically developing peers. Mate-
rial and Methods: Forty preterm and 20 term infants with mild to mo-
derate risk factors and 25 typical peers as controls were included in this 
study. Alberta Infant Motor Scale (AIMS) and Bayley Scales of Infant 
and Toddler Development-II (BSDI-II) were used at 3., 6., 9., 12. 
months to assess their motor and cognitive development. Control group 
was assessed only at 12 months of age. Results: Between the 3. and 
12. month of gestational age, within-groups measurements in both cog-
nitive and motor (p<0.001) development scores of BSDI-II were sig-
nificantly increased in preterm and term infants. At 12 month, the 
median motor-cognitive development score of BSDI-II of the preterm 
and term infants at risk and control group were similar (p>0.05). There 
was no differences in AIMS scores between preterm and term group 
(p>0.05). However, the AIMS scores in infants at risk was statistically 
lower than the control group at the age of 12 months (p<0.05). Also, 
there was a significantly positive correlation between the AIMS and 
motor-cognitive development score of the BSDI-II scale in infants at 
risk at 9 and 12 months of corrected age (p<0.05). Conclusion: In in-
fants at risk, delay in gross motor development may be observed in the 
first year of their life compared to their typical peers. In terms of motor 
and cognitive development, we could comment that, infants at risk sho-
uld be followed for a longer period. 
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ÖZET Amaç: Bu çalışmanın amacı, hafif veya orta derece risk fak-
törü olan prematüre ve zamanında doğan bebeklerin ve sağlıklı 
yaşıtlarının motor, bilişsel ve kaba motor gelişimlerini karşılaştırmaktır. 
Gereç ve Yöntemler: Bu çalışmaya, hafif ila orta derecede risk fak-
törleri olan 40 prematüre doğan, 20 zamanında doğan bebek ile 25 
zamanında doğan ve risk faktörü olmayan bebek dâhil edildi. Alberta 
İnfant Motor Skalası (AIMS) ve Bayley Bebek ve Küçük Çocuklar İçin 
Gelişim Ölçeği-II (Bayley-II) 3, 6, 9 ve 12. aylarda riskli bebeklerin 
motor ve bilişsel gelişimlerini değerlendirmek için kullanıldı. Kontrol 
grubu sadece 12 aylıkken değerlendirildi. Bulgular: 3-12. aylar 
arasında riskli bebeklerin grup içi Bayley-II motor ve kognitif gelişim 
puanları anlamlı derecede arttı (p<0,001). On ikinci ayda riskli bebek-
lerin Bayley-II ortanca motor-bilişsel gelişim skorlarıyla kontrol 
grubundaki bebeklerin skorları birbiriyle benzerdi (p>0,05). Prematüre 
ve zamanında doğan riskli bebekler arasında AIMS skorları açısından 
fark yoktu (p>0,05). Bununla birlikte, riskli bebeklerin 12. aydaki 
AIMS skorları, kontrol grubuna göre istatistiksel olarak daha düşüktü 
(p<0,05). Ayrıca düzeltilmiş 9. ve 12. aylarda riskli bebeklerde AIMS 
skoru ile Bayley-II ölçeğinin motor-bilişsel gelişim puanları arasında 
anlamlı derecede pozitif korelasyon vardı (p<0,05). Sonuç: Riskli be-
beklerde yaşamlarının ilk yılında, tipik gelişim gösteren yaşıtlarına 
kıyasla kaba motor gelişimde gecikmeler gözlenebilir. Motor ve bilişsel 
gelişim açısından risk altındaki bebeklerin daha uzun süre takip 
edilmesi önerilmektedir. 
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Preterm infants are considered at risk about their 
motor and cognitive development, leads to be moni-
tored in the early life.4 Infants with a history of mod-
erate to severe IVH especially grade 3-4 are at major 
risk for neurodevelopmental problems. While grade 
1-2 mild IVH does not create major deficit in the 
early period, some researches suggest a risk for de-
velopmental problems.5,6 

One of the most common problems encountered 
during the neonatal period is HIE.7,8 HIE is associated 
with insufficient oxygenation and perfusion of the in-
fant brain. Approximately 90% of infants had low 
Apgar score in the first minute. Also mortality and 
morbidity have been found 76%, 82% and 80% re-
spectively in infants with the  Apgar score of 0, 1, 2.8 

Another problem encountered during the neona-
tal period is respiratory problems. Neonatal early in-
terventions increased the survival ratio of infants with 
respiratory problems. However, infants who have 
pulmonary problems like bronchopulmonary dyspla-
sia, diaphragmatic hernia, persistent pulmonary hy-
pertension and treatments which are used to treat 
these patients enhance the risk of long-term physical 
and neurodevelopmental complications.9 Perinatal 
risk factors and these problems in neonatal period 
may lead to neurodevelopmental problems in their fu-
ture life.10 So, it is important to follow the cognitive 
and motor development of infants at risk in order to 
detect, prevent or minimize the problems they may 
cope. In children with corrected age of 12 months, 
environmental factors have less impact on perform-
ance and biomedical problems (such as oxygen sup-
port for chronic lung disease) are eliminated. The 
cognitive development, gross motor development and 
language/speech skills can be evaluated in this pe-
riod.10 Therefore, the assessment of cognitive and 
motor functions, particularly at this time, allows early 
intervention to improve long-term outcomes. 

The aims of the study were to: 1) Describe the 
developmental profile of preterm and term infants at 
risk and compare cognitive, motor and the gross 
motor development with their typical peers at the age 
of 12 months of corrected age; 2) Explore the corre-
lation between the cognitive and gross motor devel-
opment in infants at risk. 

 MATERIAL AND METHODS 

PARTICIPANTS  
This research was planned as a retrospective study. 
40 preterm and 20 term infants with mild to moder-
ate risk factors and complete the developmental as-
sessments at 3, 6, 9 and 12 months of corrected age, 
between the years 2014-2017 were included in this 
study. This study was done in Gazi University De-
partment of Physiotherapy and Rehabilitation. The 
control group consists of 25 healthy infants born at 
term age (37 0/7 to 41 6/7 weeks) and who had com-
pleted the developmental assessments at 12 months 
of their chronological age. The healthy infants in-
cluded in the study consisted of infants who showed 
normal development according to the Denver Devel-
opmental Screening Test-II, did not have perinatal 
risk factors and neonatal intensive care unit stay after 
birth and were followed up by the Department of Pe-
diatrics of Gazi University Faculty of Medicine Hos-
pital.11 The exclusion criteria for risky infants were; 
having major risk factors such as PVL, grade 3-4 
IVH, infants with a genetic syndrome and a major 
congenital anomaly. Ethics Committee of Gazi Uni-
versity approved this study with the approval num-
ber 77082166-302.08.01 (approval date: 10.08.2017) 
and this study was performed in accordance with the 
Declaration of Helsinki. 

PROCEDuRE 
The gross motor and cognitive performances of the 
infants were assessed every 3 months of their cor-
rected age of between the 3 and 12 months by a 5 
years experienced pediatric physiotherapist and neu-
ropsychologist with 20 years of experience in the 
field.  During the first assessment, which was done 
in the mornings, both preterm and term group re-
ceived follow-up with a standard home centered early 
intervention program, which was structured accord-
ing to the needs of every infant by a 20 years experi-
enced physiotherapist in pediatric rehabilitation. The 
early intervention program was based on functional, 
goal oriented and family-centered approaches.12,13 
This program was individually prepared for each in-
fant’s needs. The program was implemented by the 
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family in their home environment. Moreover, pro-
grams were checked every three months face to face 
and revised accordingly. Daily log was used for a bet-
ter follow-up of the home program. The control group 
was assessed only at the 12 month of corrected age by 
the same staff. 

ASSESSMENTS 
Socio-demographic data and medical histories were 
recorded from the hospital epicrisis report. Gesta-
tional age, birth weight, length of hospital stay, preg-
nancy (multiple), delivery (spontaneous or cesarean 
section), Apgar score, status of oxygen uptake, pres-
ence of IVH grade 1-2, respiratory distress syndrome 
(RDS), grade 1-2 HIE and sepsis were recorded.  

Gross motor development was assessed with the 
Alberta Infant Motor Scale (AIMS) and the permis-
sion to use AIMS was previously obtained. AIMS is 
an observational assessment scale developed to assess 
gross motor development in infants up to 18 months 
of age. The test contains a total of 58 items and eval-
uates the babies in four positions (supine, supine, sit-
ting and standing). Each position has its own score 
and the total score is the sum of the scores obtained 
from these four positions.14 The cut-off score of AIMS 
for 3, 6, 9 and 12 months was determined as 11, 26, 
43, and 53, respectively. These scores are equal to the 
50. percentile in AIMS developmental curve graph.  

The Bayley Scales of Infant and Toddler Devel-
opment-II (BSID-II) scale was used to assess motor 
and cognitive development. BSID- II is designed to 
assess the developmental function of children aged 
1-42 months. The assessment was made by an expe-
rienced psychologist in the field of pediatrics who has 
BSID certificate. BSID-II consists of two subscales 
as Cognitive Development Scale (CDS) and Motor 
Development Scale (MDS). CDS measures the lan-
guage, social skills, paying attention to objects etc. 
and the MDS measures the child’s ability to climb, 
jump, hold or use things using large and small mus-
cle groups.15 The cut off composite score of BSID-II 
were determined as 85 point for all months. 

All the evaluations were performed in a room 
which has appropriate lighting, temperature and 
sound 1 hour after the baby was fed in the morning. 
Physiotherapists with 4 to 10 year experience in the 

pediatric rehabilitation performed the AIMS assess-
ments. Then, a psychologist with a 20 year of expe-
rience in the pediatric psychology performed the 
BSID-II to assess the developmental function of the 
infants.  

STATISTICAL ANALYSIS 
Statistical analyses were conducted using the SPSS, 
version 22 for windows (SPSS Inc., Chicago, Ilinois, 
USA). To determine whether the data were normally 
distributed, visual methods like histogram and ana-
lytical methods like Shapiro-Wilk test were used. Stu-
dent’s t-test or Mann-Whitney U test was used 
according to the normal distribution of the data in 
pairwise comparisons. One way ANOVA or Kruskal-
Wallis tests were conducted to compare groups 
(preterm, term, control). Bonferroni correction was 
used in pairwise comparisons. According to the dis-
tribution of the data, repeated measure ANOVA or 
Friedman test were used in dependent variables ana-
lyzed more than twice. 

When both variables were normally distributed, 
correlation coefficients and statistical significance 
were calculated using the Pearson test. On the other 
hand, Spearman test was used when both variables 
were not normally distributed. Correlation coeffi-
cients were accepted weak between 0-0.24, moder-
ate between 0.25-0.49, strong between 0.50-0.74, and 
very strong between 0.75-1.00. Statistical signifi-
cance was determined as p<0.05. 

 RESuLTS 
Fourty preterm infants with gestational age of 
31.7±2.7 weeks with mild to moderate risk factors, 
20 term infants with gestational age of 38.5±1.1 
weeks with mild to moderate risk factors and 25 their 
typical peers as healthy controls were included in this 
study. Gestational ages and birth weights were sig-
nificantly lower in the preterm infants compared to 
terms and healthy controls (p<0.001). Also, length of 
hospital stay, cesarean section rate, oxygen uptake 
rate, multiple pregnancy rate differed significantly 
from term and control group (p<0.05). There was no 
statistically significant difference in Apgar score 1 
and 5 minutes scores between preterm and term 
group but this group’s scores were significantly lower 
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than control group (p<0.001). While HIE rate was 
significantly higher in term infants (p<0.001), RDS 
rate was higher in preterm infants (p<0.05) (Table 1). 

CDS in BSDI-II was recorded as 77 (73-80), 80 
(77-83), 83 (80-87), 87 (85-90.5) and for the months 
3., 6., 9., and 12., respectively in preterm infants. 
MDS in BSDI-II was recorded as 75 (72-80), 80 (77-
83), 84 (80-86), 87.5 (83,5-90) for the months 3., 6., 
9., and 12., respectively in preterm infants. 

Also, in term infants, CDS was measured as 75 
(72-77), 80 (77-80), 83 (80-87), 87 (84-90) and for 
the months 3., 6., 9., and 12., respectively. MDS was 
measured as 73 (70-79), 77 (75-82), 82 (79-85), 88 
(80-91) for the months 3., 6., 9., and 12., respectively. 
Within groups measurements between 3. and 12. 
month of gestational age, in CDS (p<0.001) and 

MDS in BSID-II (p<0.001) were significantly in-
creased in preterm and term groups.  

There were no differences in preterm, term and 
healthy controls in cognitive and MDS of BSID- II 
scales at the 12 months of corrected age (p>0.05). 
There was also no difference in gross motor function 
in preterm and term group (p>0.05). However, preterm 
and term group recorded statistically lower scores than 
their typical peers in gross motor function at the age of 
12 months of corrected age (p<0.05) (Table 2). 

Although there was no correlation between the 
AIMS score and BSID-II MDS in 3rd and 6th months 
(p>0.05), there was a positive correlation in the 9th 
and 12th months (p<0.001). CDS of BSID-II was sig-
nificantly correlated with the AIMS score in the 9th 
and 12th months (p<0.05) (Table 3).  

Preterm Term Control  
Participant characteristics n=40 n=20 n=25 p value 
Gestational age: Weeks, Mean±SD 31.7±2.7 38.5±1.1 38.8±1.1 <0.001* 
Birth weight: Grams, Mean ±SD 1,628±549 3,207±591 3,173±440 <0.001* 
Male: n (%) 19 (47.5) 12 (60) 13 (52) 0.659 
Length of hospital stay: Days, median (IQR) 38 (18-57) 10 (9-19) 0 (0-0) <0.001* 
Apgar score 1 min, median (IQR) 7.5 (6-9) 6 (4.5-8) 10 (10-10) <0.001* 
Apgar score 5 min, median (IQR) 9 (8-10) 8.5 (7-10) 10 (10-10) <0.001* 
Cesarean section: n (%) 35 (87.5) 11 (57.9) 17 (68) 0.031* 
Oxygen uptake: n (%) 26 (66.7) 7 (43,8) 0 (0) <0.001* 
Multiple pregnancy: n (%) 15 (37,5) 0 (0) 4 (16) 0.003* 
HIE: n (%) 1 (2.5) 11 (55) 0 (0) <0.001* 
IVH I-II: n (%) 4 (10) 4 (20) 0 (0) 0.390 
Sepsis: n (%) 4 (10) 2 (10) 0 (0) 0.660 
RDS: n (%) 17 (42.5) 3 (15) 0 (0) 0.033* 
Hyperbilirubinemia: n (%) 1 (2.5) 0 (0) 0 (0) 0.684 
PDA: n (%) 3 (7.5) 0 (0) 0 (0) 0.289 
Maternal age 26.4±3.9 27.4±3.9 26±3.2 0.457

TABLE 1:  Delivery and infant characteristics.

SD: Standart deviation; IQR: Interquartile range; HIE: Hypoxic ischemic encephalopathy; IVH: Intraventricular hemorrhage; RDS: Respiratory distress syndrome;  
PDA: Patent ductus arteriosus;  *p<0.05.

Preterm Term Control 
Measure n=40 n=20 n=25 p value 
BSID-II CDS 87 (85-90.5) 87 (84-90) 87(85-93) 0.290 
BSID-II MDS 87.5 (83.5-90) 88 (80-91) 88 (88-90) 0.544 
AIMS Total score 53 (48-55) 52 (47-53) 55 (52-58) 0.004* 

TABLE 2:  Cognitive, motor (BSID-II) and gross motor development (AIMS) of the groups at 12 month of corrected age.

BSID-II: Bayley Scales of Infant and Toddler Development II; CDS: Cognitive Development Scale; MDS: Motor Development Scale; AIMS: Alberta Infant Motor Scale; *p<0.05.



 DISCuSSION 
The aim of the present study was to describe the de-
velopmental profile of the preterm and term infants at 
risk and compare the cognitive, motor and gross 
motor development in preterm, term infants and their 
typical peers at the age of 12 months corrected age. 
Between 3. and 12. months, there was a regular in-
crease in motor and cognitive scores of BSID-II in 
preterm and term infants at risk. Preterm and term in-
fants had similar cognitive and MDS in BSID-II com-
pared to their typical peers at 12. month. The median 
cognitive and MDS in BSID-II was over 85 and it is 
recorded that these infants were within the range of 
normality score at the age of 12 months. 

In a study evaluating the preterm and term in-
fants with BSID-II cognitive development index re-
ported that preterm infants reached optimal scores in 
contrast to term infants.16 In another study done by 
Coletti et al., it was recorded that both very preterm 
and late pretem infants had optimal scores in the nor-
mal range in BSID-III, without significant differences 
between the groups.17 In their study Morag et al. lon-
gitudinally assessed the neurodevelopmental out-
comes of infants born preterm and compared with 
term infants. They stated that developmental scores 
were similar according to their corrected age scores.18 
In their study, Kaya Kara et al. screened the neuro-
motor development outcomes of premature infants 
for 1 year. In this study, premature infants were eval-
uated with BSID-III and Neuro-sensory Motor De-

velopment Assessment (NSMDA) and stated that the 
motor development results of premature infants eval-
uated with BSID-III were above the cut-off score of 
85.19 In a study of the same author, motor develop-
ment was evaluated with NSMDA and cognitive and 
language development with BSID-III. BSID-III 
motor, cognitive and language development in infants 
at risk followed for 1 year were found to be above 85, 
which is the cut-off score.20 Our study was similar to 
the studies with 1-year follow-up. On the other hand, 
in the follow-up studies conducted at 2 years and 
over, preterm infants had lower scores on cognitive 
development when compared to term infants.21,22 In 
our study, we included the infants with mild to mod-
erate risk factors. This may reduce the difference be-
tween preterm and term infants in cognitive and MDS 
of BSID-II. Therefore, excluding the negative effects 
of major risk factors on development may enable 
preterm and term infants at risk to catch up with their 
typical peers at the 12 months of corrected age.  

Preterm and term infants had lower scores in 
gross motor development when comparing to their 
typical peers at 12 months of corrected age in our 
study. In a study of Pin et al. compared the preterm 
and term control children in term of gross motor de-
velopment and they found that preterm infants 
demonstrated less progression in AIMS total score at 
12 months corrected age. They also concluded that 
preterm infants show lack of rotation and fluency in 
their movements.23 In another study, Wang et al.  
showed significant differences in postural control, by 
using the AIMS between full term and preterm infant 
at 12 months corrected age.24 In a study, Restiffe et al. 
found that preterm infants’ mean scores were lower 
than those of term infants during follow-up. They ob-
served the differences in scores between the 8th to the 
11th months of age. Also they stated that the differ-
ence gradually decreased from the 12th up to the 16th 

month.25 Conversely, Souza et al. showed no differ-
ence between preterm and term control groups in the 
AIMS at 12 months, but they found that the preterm 
group presented slower gait acquisition.26 Similar 
studies and our study shows that preterm infants at 
risk cannot complete their gross motor development 
compared to their typical peers by the first year of 
age. Particularly in the standing subscale of AIMS in-
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BSID- II MDS months p value r value 
3rd 0.822 0.030 
6th 0.177 0.176 
9th <0.001* 0.508 
12th <0.001* 0.570 
BSID- II CDS months p value r value 
3rd 0.785 0.036 
6th 0.055 0.249 
9th 0.001* 0.434 
12th 0.004* 0.454

TABLE 3:  Correlation between BSID-II motor, cognitive ındex 
and AIMS score in preterm and term infants at risk 

(preterm+term) (n=60).

BSID-II: Bayley Scales of Infant and Toddler Development II;  
CDS: Cognitive Development Scale; MDS: Motor Developmnet Scale; *p<0.05.
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fants at risk had lower score and they did not achieve 
to walk independently. Since the beginning of inde-
pendent walking is considered to be normal up to 18 
months of age, we think that it may be important for 
these infants to keep track of their walking time up 
to 18 months. Another important point about our 
study was that, while there was no difference between 
the groups in the motor scores evaluated with BSID-
II, there was a difference between the groups in the 
gross motor score evaluated with AIMS. In the BSID-
II motor section, both gross and fine motor skills are 
evaluated together and a total score is obtained. We 
think that there is no difference between the groups in 
BSID-II total motor score due to the high scores in 
fine motor skills. For this reason, we believe that 
motor development areas should be evaluated sepa-
rately in future studies. Also, due to the correlation 
between BSID-II motor development index and the 
AIMS, we have concluded that AIMS can be used for 
routine examinations as it is based on easy adminis-
tration, short duration and observation in the first 
months of the life. 

One of the theoretical approaches in infant de-
velopment is the embodied cognition approach. This 
approach claim that cognitive and motor develop-
ment are strongly connected.27 In addition, this ap-
proach state that, children learn and develop 
cognitive skills by constantly interacting with the en-
vironment. As children interact with environment, 
they receive information about the environment and 
generate new information from the perceived infor-
mation, so the cognitive process continues.27,28 In this 
sense, fine mobility and gross motor development are 
necessary for a better cognitive process. In many 
studies, the correlation between the early motor de-
velopment and later cognitive skills were investigated 
but the information about early cross-sectional rela-
tions is still scarce.29,30 In this study, we recorded a 
link between the gross motor and cognitive develop-
ment at 9 and 12 months of corrected age in infants 
at risk. We concluded that the improvement in the 
mobility from the 9 months of corrected age might 
be important for the cognitive development. This pe-
riod includes the crawling and standing so the child 
may have more chance to explore the environment.  

The present study has some limitations. We did-
n’t classify the preterm group as early preterm or late 
preterm. Such classification of preterm infants at risk 
in future studies may provide more detailed informa-
tion about the development of preterm infants. The 
second limitation is that the present study ended up 
with a rather limited number of term infants at risk 
due to lost contact during the follow-up, and there-
fore further studies should aim to include more term 
infants. 

 CONCLuSION 
In conclusion, the preterm and term infants at risk 
showed similar results in cognitive and MDS of 
BSID-II compared to the control group. However, the 
gross motor development was lower than their typi-
cal peers. In terms of cognitive and gross motor de-
velopments, these infants should be followed for a 
longer period.  
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