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Objective: To formulate an equation estimating months to independent walking in moderate
to late preterm infants based on neonatal characteristics and gross motor development from
7 months to independent walking.

Methods: Sixty infants born between 32 to 36 weeks were assessed using Alberta Infant
Motor Scale (AIMS) for gross motor development. Neonatal characteristics were recorded at
7 months, and caregiver-reported independent walking onset. Pearson correlation analyzed
age, AIMS scores, and neonatal factors. Multiple regression developed the prediction equa-
tion.

Results: The equation for independent walking onset, which included gestational age (GA) at
birth, total AIMS score at 10 months of age (10th AIMS), and birth head circumference (BHC),
exhibited a strong correlation (r=0.707) and had a predictive power of 50.0%. The equation is
as follows: age onset of independent walking (months)=33.157, -0.296 (GA), -0.132 (10th
AIMS), -0.196 (BHC), with an estimation error of 0.631 months.

Conclusion: Neonatal characteristics, such as GA, 10th AIMS, and BHC, are key determinants
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in estimating the onset of independent walking in moderate to late preterm infants.
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INTRODUCTION

The attainment of independent walking stands as a crucial mile-
stone in the motor development of infants, holding considerable
sway over their fine motor skills and linguistic capabilities [1].
Typically, infants acquire the ability to walk independently be-
tween the ages of 8.2 and 17.6 months, as indicated by a multi-
national study conducted by the World Health Organization [2].
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However, preterm infants often face challenges, including de-
layed and incomplete standing capabilities, primarily attributed
to delays in their vertical developmental trajectory and antigrav-
ity movements [3].

Although some preterm infants may attain developmental
milestones similar to their full-term peers in prone and supine
positions by eight months, disparities emerge when it comes to
sitting and standing positions, which necessitate robust muscu-
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lar engagement against the force of gravity. This developmental
gap persists even when observed up to 12 months of age, with
preterm infants frequently achieving lower scores on gross mo-
tor assessments [4]. These disparities may arise from variations
in the rate and sequence of neurological development, which
unfold along a continuous continuum, commencing with the
formation of tissues in both the central and peripheral nervous
systems and culminating in the initiation of coordinated motor
movements [5].

Preterm infants often experience walking delays, as indicated
by a systematic review of 24 studies using the Alberta Infant
Motor Scale (AIMS). At 3 months, moderate preterm infants
exhibited a 12% abnormal motor development rate, signaling
delays in standing at 4 and 6 months [6]. Subsequent research
with 403 preterm and 1,038 full-term infants further empha-
sized distinctions, especially in the standing sub-scale, at 1.5
and 18.5 months [7,8]. The significance of independent walk-
ing, vital for preterm infants’ motor milestones and language
skills, is influenced by complex factors [1]. Understanding
neonatal characteristics, including congenital diseases, birth
weight (BW), birth head circumference (BHC), and gestational
age (GA) at birth, is crucial for identifying developmental risks.
A study revealed a positive correlation between GA and gross
motor development in the first year [9]. Low BW, frequently
associated with prematurity, increases the risk of delayed gross
motor development [10]. BHC influences gross motor and cog-
nitive domains, while a low Apgar score at birth signals clinical
complications and an increased risk of poor gross motor devel-
opment [11].

Evaluating motor development as a predictor for cerebral
palsy (CP) is crucial, particularly in high-risk children, as
emphasized in insights from CP. A systematic review and me-
ta-analysis in 2018 highlighted the importance of achieving
independent sitting by age two for potential ambulation in chil-
dren with CP, revealing a strong association (relative risks, 4.82;
95% confidence interval [95% CI], 3.20-7.24) [12]. This consis-
tent finding underscores the essential role of early assessments
in guiding clinical decisions, where the AIMS stands out for its
simplicity and minimal equipment requirements.

Monitoring and promoting gross motor development in
healthy preterm infants is crucial to reduce developmental de-
lays. The Thai version of AIMS is a reliable tool for assessing
gross motor development, starting as early as 15 days and con-
tinuing up to 18 months [13]. Only a previous cross-sectional
study examined the impact of biological and environmental fac-
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tors on the acquisition of gross motor skills in Thai. This study
identified the key factors as internal systems, the environment,
task complexity, and movement experiences. Caution is advised
regarding the use of baby walkers in typically developing infants
during their first year of life due to potential negative impacts
[14]. Therefore, predicting the age of independent walking in
preterm infants remains a challenging and understudied area,
likely due to the complex influence of neonatal characteristics
and individual variations in motor proficiency.

Limited research exists on the long-term assessment of how
neonatal characteristics contribute to the essential gross mo-
tor development required to achieve walking milestones in
moderate to late preterm infants raised at home. The aim of
this study was to yield a significant contribution to the current
academic literature by demonstrating that AIMS scores serve as
a feasible predictor of independent walking in moderate to late
preterm infants. In clinical and research aspects, the formulated
predictive model utilizing AIMS and neonatal characteristics
can serve as a straightforward and practical tool for assessing
gross motor development in moderate to late preterm infants.
Through establishing an association among independent walk-
ing, gross motor development, and neonatal characteristics,
this academic investigation holds promise for fostering a new
methodological approach. Should this research yield theoretical
outcomes, it could potentially enable healthcare professionals to
assess both independent walking and gross motor development.
This pivotal outcome could facilitate targeted rehabilitation
programs, spanning from 7 months to independent walking for
moderate to late preterm infants. It would enable meticulous
monitoring and the strategic design of interventions for ad-

dressing gross motor assessment in this population.

METHODS

Participants

This research employed a prospective longitudinal assessment
with a correlational study design to develop a prediction equa-
tion. A cohort of 60 moderate to late preterm infants were
selectively recruited through outreach efforts involving district
health-promoting hospitals and community healthcare volun-
teers. The selection of parents or guardians with infant dyads
was made based on every second order from the provided name
list. After applying inclusion/exclusion criteria, 88 preterm
infants initially met the specified criteria, with 28 subjects sub-
sequently excluded for various reasons. Among those excluded,



17 declined participation, 7 experienced acute illness within the
last 7 days before assessment, and 4 families moving their hous-
es. Therefore, the study involved the participation of 60 preterm
infants, with a mean admission age of 6.74+0.38 months, resid-
ing in Muang District, Phayao Province, Thailand, out of the
initial 60 subjects available for analysis.

For calculating the required sample size, we employed the
Correlation: bivariate normal model G*Power analysis pro-
gram, with a low correlation (r) value of 0.30, alpha=0.05, and
power=0.95. Participants who met the inclusion criteria, which
included being healthy preterm males and females with control-
lable symptoms, such as glucose-6-phosphate dehydrogenase
deficiency, and able to walk independently with an average age
of 12.0+0.9 months were included in the study and are listed in
Table 1. Infants were excluded if they had a documented history
of seizures, visual or hearing impairments, congenital abnor-
malities, significant brain damage, periventricular leukomalacia
beyond grade I [15], intraventricular hemorrhage exceeding
grade II [16], or a neonatal intensive care unit stay lasting more
than 17 days. Approval for this study was obtained from the
Human Research Ethics Committee at the University of Phayao
(No01.3/056/64 and 1.3/013/66).

Research protocol

The parents or guardians of the infants in this study were pro-
vided with comprehensive information regarding the research’s
purpose and the data collection procedures. Before participat-
ing in the study, they were required to complete a consent form.
Data related to parents or guardians and infants were collected
from parents or guardians. Neonatal characteristics and vacci-
nation data of preterm infants were recorded from the personal

Table 1. Neonatal characteristic of all infants (n= 60)
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health booklet. Infant demographic information was docu-
mented in the structured questionnaire.

Subsequently, scheduled sessions were organized to evaluate
the progress of gross motor development. On the appointed
date, a direct observation was conducted for each infant to as-
sess their gross motor development. This assessment took place
in a quiet area of the infant’s home, a place they were familiar
with, with a parent or guardian in close proximity. Infants were
unclothed except for wearing a diaper, allowing clear obser-
vation of their gross motor movements. They were given the
freedom to move without restraint and received minimal phys-
ical contact during the evaluation, although the option to use
a toy to encourage their movements was available. The infants
remained awake and alert throughout the assessment. In cases
where some infants were unprepared for the evaluation, their
gross motor development was reevaluated within five days fol-
lowing the initial assessment.

The assessments were consistently conducted each month,
within a window of plus or minus 5 days, starting from the cor-
rected age of 7 months until the infants accomplished indepen-
dent walking. Parents or guardians were requested to document
the date of independent walking attainment in the logbook
recording (parents/guardians note) and promptly inform the
researcher. To confirm independent walking, as per the oper-
ational definition described below, the researcher assessed the
infants independent walking within 5 days of receiving notifi-
cation from the parents or guardians. The assessment procedure

and approach followed the description below:

The AIMS test of gross motor movement
The AIMS is a standardized assessment tool designed for the

Demographics data Mean+SD Range
Birth weight (g) 2,306.2+383.8 1,610-2,955
Birth length (cm) 47.5+2.1 43-52
Birth head circumference (cm) 30.4+1.5 29-33
The Apgar score at 5 min (point) 9.4+0.5 8-10
Gestational age (wk) 34.5+1.3 32-36
The age at walking independent (months of corrected age) 12.0+0.9 10.3-13.3
Thai version of total AIMS score (months of corrected age)
At7 27.6x1.8 24-33
At8 29.9+1.8 26-36
At9 31.2+2.0 27-36
At10 37.7+1.8 35-42

SD, standard deviation; AIMS, Alberta Infant Motor Scale.
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evaluation of gross motor development in infants aged 0 to 18
months [17]. It comprises 21 items for assessing prone position,
9 for supine, 12 for sitting, and 16 for standing, with the option
to incorporate toys for stimulation. The assessment process
emphasizes minimal physical contact to observe infants’ spon-
taneous movements, with the assessor offering assistance for
transitions into sitting or standing positions as necessary. Each
item is categorized as either “observed” or “not observed”

The range of motor development is determined by identify-
ing the lowest and highest observed items within each position,
known as a “window?” Items preceding this window are referred
to as “previous items” Subscale scores are computed based on
observed items within the window and the previous items, ul-
timately contributing to the calculation of total scores, which
entail summing all subscale scores (Fig. 1) The typical duration
of the assessment for each infant is approximately 15 minutes.
In this specific study, the AIMS Thai version was utilized. This
version has demonstrated robust inter-rater reliability (intraclass
correlation coefficient [ICC], 0.988; 95% CI, 0.976-0.994) and
intra-rater reliability (ICC, 0.995; 95% CI, 0.989-0.998) [13].

The age of independent walking (months)

The operational definition of independent walking in the cur-
rent study is defined as the ability of infants to walk without any
external support while maintaining a stable trunk in a vertical
position with a straight back [18]. To determine when indepen-
dent walking begins, parents or guardians were asked to notify
us when their infant could take five consecutive steps without
any assistance or falling. This date was recorded in a logbook
and reported to the researcher by phone. To confirm that the
infant’s capacity for independent walking aligned with the op-

erational definition, a test was conducted within five days of

Lh{

Fig. 1. The components of the Alberta Infant Motor Scale,
including (A) prone, (B) supine, (C) sitting, and (D) standing
positions. This figure is approved and allowed to be legally
published by the guardian of the infant.
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receiving the notification from parents or guardians.

The structured questionnaire

Parents or guardians participated in face-to-face interviews during
which they completed a structured questionnaire regarding neo-
natal characteristics, including BW, birth length (BL), BHC, Apgar
score at 5 minutes, gestational age (GA), age at admission, sex, and
health status in the 7 days prior to the assessment.

Statistical analyses

The Kolmogorov-Smirnov test was used to evaluate the data
distribution, indicating a normal distribution among the vari-
ables. Descriptive statistics were employed to provide a charac-
terization of the subjects, while the Pearson product moment
correlation coefficient was utilized to establish the correlation
coefficient between the age onset of independent walking
(months), neonatal characteristics, and the total AIMS score
from corrected age at 7 to 10 months. The study employed the
Stepwise Multiple Linear Regression Analysis technique to create
a prediction equation for the age onset of independent walking
(months) through a multiple regression analysis. The equation
incorporated several variables, including the age of independent
walking onset (measured in months), neonatal characteristics,
and the total AIMS score. The selection was made based on
identifying the most optimal model, determined by the highest
adjusted r* value and the lowest degree of variance inflation. To
identify the most significant independent variable coefficients
for each prediction model, an in-depth analysis was conducted
to ascertain their significance. All statistical analyses were per-
formed using IBM SPSS Statistics 21 (IBM Corp.), adhering to a
consistent significance level of 0.05 for all statistical tests.

RESULTS

The study enrolled a sample of 60 preterm infants, consisting of
37 males and 23 females, with an average age 6.74+0.38 months
corrected age. The infants’ average BW was 2,306.2+383.8 g,
average BL was 47.5+2.1 cm, average BHC was 30.4+1.5 cm,
average Apgar score at 5 minutes was 9.4+0.5, and average GA
was 34.4+1.3 weeks. The age onset of independent walking was
found to be 12.0+0.9 months corrected age, while the average
total AIMS score was 37.7+1.8 as shown in Table 1.

The study investigated the association between neonatal
characteristics, such as BW, BL, BHC, Apgar score, GA, total
AIMS score from the corrected age of 7 to 10 months and their



age onset of independent walking. The results revealed negative
moderate levels of correlation ranging from r=-0.568 to -0.311,
all statistically significant at p<0.01. The age onset of independent
walking exhibits a modest negative association with BHC (r=-0.439,
p<0.001). Furthermore, the study identified a low negative cor-
relation (r=-0.354, -0.311, -0.328, respectively, p<0.005) between
age onset of independent walking and the Total AIMS score
at 7, 8, 9 months. While a moderate negative correlation (r=-
0.501, p<0.001) was observed between age onset of independent
walking and total AIMS score at 10 months of age (10th AIMS).
Table 2 presents the detailed correlation results.

Based on the results of a multiple regression analysis of the
age onset of independent walking, all 3 models of factors were
identified and are presented in Table 3. Model 1 showed that
only the GA factor had a significant effect on the age onset of
independent walking. Meanwhile, models 2, and 3 included
GA factor and 10th AIMS, respectively. Among all 3 models,
model 3 was significant strongly correlation (r=0.707, p<0.01)
and had the highest coefficient of determination (r’=0.500),
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lationship between the age of walking independent correlation
gross motor development of moderate to late preterm Thai
infants via AIMS score from 7 to 10 months corrected age and
variables obtained from neonatal characteristics and (2) to ex-
amine an equation to calculate the age of walking independent.
Additionally, the study focused at other neonatal characteristic
factors that may affect the ability to walking independent, such
as GA, BW, BL, BHC, and the Apgar score at 5 minutes. The
study revealed that a prediction equation could be developed
to calculate the age of walking independent of moderate to late
preterm infant based on the gross motor development mea-
sured via the Thai version of total AIMS score and variables
obtained from neonatal characteristics. It is a well-established
relationship between GA, 10th AIMS, and BHC.

Table 2. Correlation between age onset of independent walking
and demographic information of the participant, and total AIMS
score at 7, 8,9, and 10 months

The age onset of independent

indicating that the combined effect of the GA, 10th AIMS, and Dependent variable walking (p-value)
BHC accounted for 50.0% of the variance in the age onset of ~ Birthweight(g) -0.346" (0.007)
independent walking. The standard error of estimation was ap- sitginlgagin(Eng 22y
. Birth head circumference (cm) -0.439** (<0.001)
proximately 0.631 month. .
Apgar score (point) 0.168(0.199)
As a result, the equation for the age onset (month) of inde- Gestational aged (wk) -0.568* (<0.001)
pendent walking’s predictive accuracy was 33.157, -0.296 (GA), Total AIMS score (point)
-0.132 (10th AIMS), -0.196 (BHC) +0.631, where GA (month), At7mo -0.354* (0.006)
BHC (cm), and 10th AIMS variable. At8 mo -0.311% (0.016)
At9mo -0.328*(0.010)
DISCUSSION At10mo -0.501** (<0.001)
AIMS, Alberta Infant Motor Scale.
*Correlation is significant at p<0.05.
The aims of the current study were to: (1) investigated the re-  **Correlation is significant at p<0.001.
Table 3. Model of regression analysis for walking independent age with different predictive variables
Model Included variable B p-value r Adjusted r* SEE
1 Constant 24931 <0.001** 0.568 0.323 0.722
GA -0.376 <0.001**
2 Constant 29.307 <0.001** 0.669 0.447 0.658
GA -0.306 <0.001**
10th AIMS -0.180 0.001*
3 Constant 33.157 <0.001** 0.707 0.500 0.631
GA -0.296 <0.001**
10th AIMS -0.132 0.014**
BHC -0.196 0.018*

SEE, standard error of estimation; GA, gestational aged (mo); 10th AIMS, total Alberta Infant Motor Scale score at 10 months of age; BHC, birth head

circumference (cm).
*Correlation is significant at p<0.01.
**Correlation is significant at p<0.001.
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Certainly, while the independent walking age for moderate
to late preterm infants may align closely with that of full-term
children utilizing the AIMS remains valuable. The strength of
the calculation formula found in this study lies in its multifac-
eted nature [19], considering variables such as GA, 10th AIMS,
and BHC. If any of these variables show less typical progression
than expected [20,21], employing AIMS together with these fac-
tors allows for heightened sensitivity to detect deviations more
promptly. Even if the overall walking age aligns with norms [22],
AIMS offers a comprehensive evaluation beyond just predicting
walking age. It provides a detailed assessment of diverse motor
domains, enabling the detection of potential developmental
delays or disparities in specific motor skills. This sensitivity
allows for early intervention strategies tailored to an infant’s
unique motor development profile, facilitating timely support
despite the general alignment of walking ages between preterm
and full-term infants. Therefore, utilizing AIMS enhances our
understanding by offering a more nuanced assessment of motor
development beyond the mere prediction.

Strong interactions among GA, 10th AIMS, and BHC play a
crucial role in predicting challenges during walking. Specifical-
ly, it was found that for every 1 unit decrease in the GA (week),
and 10th AIMS (point), and BHC (cm) there was an associated
later at the age onset of independent walking (month) by 0.296,
0.132, and 0.196 month, respectively.

Additionally, it was found that lower gross motor scores
coincident with small BHC (cm) had a significant impact on
later walking independent. This aligns with previous research,
indicating that preterm infants born between 32 and 36 weeks,
though typically free from life-threatening complications at
birth, show increased fragility and susceptibility to medical
issues in childhood. Infants born between 34 and 36 weeks
exhibit lower gross motor abilities, particularly in standing and
walking independently [23], during their first year, compared to
full-term infants [24].

In previous studies [18,25] were noted that infants, aged from
6 months to their first year, acquire new skills related to upright
postures, including crawling, sitting up, pulling to stand, cruis-
ing, and eventually walking independently. During this stage,
infants learn to coordinate lower body and pelvis movements,
which improve their upper trunk and chest motor skills, espe-
cially when they’re on prone position [26]. Approximately 9 to
10 months, infants typically transition to an upright posture,
preparing them for standing and walking [2]. In our recent
study, even though participants were born prematurely, they
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demonstrated the ability to achieve independent walking within
this age range. We found a moderate correlation between 10th
AIMS and walking milestones, indicating that, while preterm
infants had not achieved independent walking, their overall low
gross motor development in prone, supine, sitting, and standing
positions, as demonstrated by 10th AIMS, was interconnected.
This suggests the potential for developing an equation to pre-
dict future walking ability based on 10th AIMS.

These findings are consistent with a previous study, where
they continuously monitored infants of various ages to track the
development of gross motor skills using different positions. The
assessment of supine position at 6 months provided valuable in-
sights. As infants progressed to 8, 12, and 18 months, evaluating
motor skills in a vertical position offered consistent surveillance
benefits [27]. Specifically, assessing the total AIMS score with
sitting and standing subscales importance to the ongoing moni-
toring of gross motor development, especially in comparing ex-
tremely preterm infants to those born full-term [3]. The study
also emphasized the importance of observing developmental
aspects related to balance against gravity in the vertical position,
reinforcing the value of continuous surveillance [3,27].

The importance of low GA in monitoring preterm infants’
walking skills is evident. Our study found a moderate negative
correlation (-0.568, p<0.001) between GA and the age of inde-
pendent walking, underlining the relevance of considering GA
when evaluating later standing proficiency during independent
walking assessments. Previous study investigates the impact of
intrauterine environments on children’s motor development at
3 and 6 months. It included 346 mother/newborn pairs from
public hospitals, grouped by maternal conditions: diabetes, new-
borns with intrauterine growth restriction (IUGR), maternal
smoking during pregnancy, and a control group. IUGR infants
showed lower 6 month gross motor scores, with anthropomet-
rics and sociodemographic negatively affecting motor develop-
ment. This highlights the significance of monitoring preterm
infants’ walking skills, especially those with low GA [28].

Additional support for this observation is provided by a study
in 2011, where it was reported that moderate to late preterm in-
fants exhibited lower gross motor skills in the standing subscale
at 4 months when compared to full-term infants (p=0.014) [7].
At 6 months, these preterm infants also scored notably lower in
standing proficiency than their full-term counterparts, suggesting
potential challenges in muscle tone regulation for upright support
and balance [29]. Furthermore, a study conducted in 2017 illus-

trated consistent lower developmental scores in premature in-



fants, encompassing extremely, very, moderate, and late preterm
cases, from 1 to 12 months of age when compared to their full-
term counterparts. These differences were statistically significant
across all age groups, with extremely premature infants exhibiting
the lowest standing abilities, significantly lower than infants with
higher GA at all assessment periods (p<0.0001) [23].

In the context of preterm infants, the upright position’s im-
portance cannot be overstated, it impacts coordination, lan-
guage skills, fine motor abilities, and cognitive functions [1].
This association between lower GA at birth and an increased
risk of delayed gross motor development is particularly signif-
icant for infants born after 32 weeks, including those with low-
risk preterm births [30]. Our study has revealed a noteworthy
positive linear relationship between GA and both gross motor
developmental scores. Prior research has identified key factors
contributing to sitting development delays in moderate to late
preterm infants aged 4 to 9 months, specifically those born be-
tween 33 to 36 weeks of gestation. These delays primarily result
from deficits in flexor and extensor muscle activation, impact-
ing trunk postural muscles. Consequently, low GA at birth may
lead to balance instability, elevating the risk of delayed gross
motor development in preterm infants’ upright position [31].

The evaluation of gross motor development in infants involves
analyzing the variability of percentile values via the AIMS. The
AIMS is the gold standard for precision, considering tool like
weight-bearing, posture, and antigravity compositions in four
subscale positions. The commonly used method assesses long-
term developmental percentile variations, using cutoff values to
gauge the risk of developmental delays at different ages. In Thai-
land, though, there are no specific cutoff values; instead, they rely
on continuous long-term developmental monitoring to detect
variations, indicating typical development. When infants expe-
rience delayed gross motor development, their percentiles tend
to remain consistently low throughout the monitoring period.
These methods help identify developmental delays or consistent
changes in raw scores. However, each approach has its advantages
and limitations. Therefore, it’s essential to consider the pros and
cons of each testing method when evaluating development. Our
study provides valuable insights for predicting independent walk-
ing development in preterm infants. We utilize raw scores from
standardized tools, such as 10th AIMS, in associate with neonatal
characteristic factors. Low cost and time consuming with basic
neonatal characteristic data were applied in the current study.

Trunk postural control is a vital developmental milestone
for infants, enabling them to achieve an upright posture and
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perform various tasks [32,33]. However, extremely and very
preterm infants typically attain independent walking at around
14 months, later than full-term infants who achieve this mile-
stone at around 12 months [6,8]. In very high risk infants, walk-
ing independence may be further delayed, occurring at approx-
imately 16 months [8]. Our study highlights that moderate to
late preterm infants exhibit a lower rate of independent walking
ability, with only 42 out of 60 infants achieving independent
walking by 12 months corrected age. This discrepancy is likely
attributed to inadequate trunk control in premature infants,
impacting their capacity to perform complex gross motor skills,
particularly walking.

BHC serves as a valuable predictor of independent walking
age in preterm infants, as evidenced by a significant negative
association in our study (Table 2). Regression analysis identified
GA, 10th AIMS, and BHC as predictive factors for the age of
independent walking. These findings align with previous stud-
ies, indicating that head circumference is linked to extending
beyond the average age for walking attainment and persists into
the infant’s first year. Several studies have emphasized the asso-
ciation between smaller head circumference and delayed gross
motor development. Recent research has established a positive
connection between having a larger head circumference at one
month of age and the enhanced gross motor development of
preterm infants, as evaluated by the AIMS motor scale [34].

Conversely, infants with smaller BHC, regardless of intrauter-
ine factors, exhibit a higher risk of early motor development
delays within their first 6 months of life [6,35]. The assessment
of BHC is a standardized, non-invasive medical procedure that
measures the circumference over the occiput and just above
the eyebrows [2], with the standard measurement for Thai in-
fants set at an average of 31.6 centimeters at 34 weeks GA [21].
Our study found that infants had head circumferences below
the average for 34 weeks GA. We relied on birth history data
recorded in the personal health booklet (Pink Book) as second-
ary data. Notably, a one-unit change in BHC could lead to an
alteration in the age at which independent walking occurs, with
an approximate difference of 36 days. Hence, when caring for
preterm infants, healthcare providers and families should take
into account the infant’s BHC and evaluate their motor devel-
opment, specifically their capacity for independent walking, to
address their developmental requirements.

This study aimed to establish a prediction equation that
proves valuable in estimating the age at which preterm infants
will achieve independent walking. This equation leverages
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gross motor development scores obtained from the Thai ver-
sion of AIMS, considered a gold standard in developmental
assessments, and neonatal characteristics for forecasting the
age onset of independent walking. The equation of age onset
of independent walking (months)=33.157, -0.296 (GA), -0.132
(10th AIMS), -0.196 (BHC) +0.631, where GA is denoted in
weeks, 10th AIMS for AIMS total score at 10 months, BHC.
The prediction equation was found to have moderate predictive
ability, yielding a prediction accuracy of roughly 50.0%, with
a corresponding measurement error of approximately 0.631
month. The utilization of a prediction equation in this research
study resulted in the significant method holds practical applica-
bility in clinical settings and is easily implemented. The benefit
of using the prediction equation lies in early precision and effi-
ciency in diagnosing and stimulating gross motor development
at the 10-month, especially in preterm infants with lower GA
and smaller BHC. Timely interventions can prevent delays in
achieving independent walking by addressing gross motor de-
velopment stimulations.

One potential clinical implication is the utilization of estimat-
ed age of independent walking as an objective measure to gross
motor abilities in preterm infants with four main postures:
supine, prone, sitting, and standing. By incorporating this esti-
mation into clinical assessments, healthcare professionals can
gain valuable insights into infants gross motor development and
overall neonatal characteristics. This information can guide ear-
ly intervention planning, goal setting, and monitoring of prog-
ress over time. Furthermore, the study’s results can inform the
development or modification of strategies aimed at stimulating
walking and gross motor developments during early develop-
ment. Using the estimated age of walking ability as a baseline
measure, healthcare providers can customize rehabilitation
or stimulation programs to address specific delays in gross
motor ability or challenges in maintaining an upright balance
in infants. This customization allows for the implementation
of various postures or exploration of alternative stimulation
techniques to enhance walking development. While this study
has presented a predictive equation for estimating the age of
independent walking onset, future research should prioritize its
validation. By comparing predicted age values for independent
walking from the equation with observed values in independent
samples, researchers can assess its performance and reliability.
These insights may lead to refinements that enhance its predic-
tive accuracy in assessing infant motor development.

Although this study provides valuable insights, it has limita-
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tions, notably regarding the assessment of gross motor devel-
opment in preterm infants using the Thai version of the AIMS.
Although this assessment is considered a gold standard and can
provide percentile values for long-term variability comparisons,
it is important to note that Thai infants have not yet established
cutoff values indicating developmental risk across various age
points from birth to 18 months.

Consequently, for the sake of efficiency, raw scores were em-
ployed for the analysis, as converting the scores to percentiles
would necessitate a substantial amount of time and extended
longitudinal data collection. This approach, unlike the Canadi-
an version, which uses percentile values at specific cutoff points,
may lack the level of detail provided by percentile comparisons
[34]. Nonetheless, raw AIMS scores remain widely utilized for
assessing developmental values and exploring relationships with
factors influencing motor development [28] and upright pos-
ture in premature infants [31], ensuring an accurate assessment
of various contributing factors.

Furthermore, the research exclusively involved participants
from a specific geographic region, which raises questions about
the applicability of the findings to diverse populations or other
geographic areas. This study did not stratify the population by
GA, resulting in uneven subject distribution. Additionally, data
on the history of using devices that affect movement and up-
right positioning in daily activities were not collected. It is im-
perative to acknowledge this limitation when interpreting and
extrapolating the results to broader contexts, as it holds signifi-
cant importance and warrants attention. One limitation in this
study is the assumption that moderately to late preterm infants
are prone to milder developmental delays without congenital
diseases or medical complications. However, it is crucial to rec-
ognize that these assessments rely solely on parental reports of
independent walking ability, potentially leading to issues like
misclassification or underreporting.

Building upon the Thai version of AIMS, this study analyzed
motor development and its impact on neonatal characteristics
in healthy preterm infants with the goal of early detection of
walking development delays and timely intervention. However,
limitations, such as excluding preterm infants with medical
conditions, should be acknowledged. Future research should
enhance these aspects for a more comprehensive exploration
of motor development in preterm infants. To address these
limitations, future research should investigate the relationship
between postural efficiency during standing and the onset of
independent walking in preterm infants. Considering these



factors, it is vital to account for these limitations when inter-
preting factor analysis results. Environmental elements, such as
the infant’s engagement in other activities, use of assistive tools,
and safety measures limiting movement exploration, can affect
gross motor development and independent walking attainment.
Additionally, there might be additional variables influencing in-
dependent walking in premature infants that were not included
in our study. Future investigations could indeed benefit from
considering a broader spectrum of factors to provide a more
comprehensive understanding of this developmental milestone.
Factors like nutritional status and medical conditions require
careful consideration. This investigation should consider seri-
ous medical conditions, environmental factors, and caregiving
practices that influence gross motor development assessed by
the Thai version of AIMS. These limitations may impact the
generalizability and external validity of the findings to a broad-
er population, constraining their applicability. Future research
should consider these factors to enhance our comprehension of
this field, offering valuable insights and a deeper understanding
of the determinants of independent walking ability in healthy
preterm infants.

In conclusion, the present study identified several factors
that have a significant impact on the walking independently,
including GA, 10th AIMS, and BHC. Based on our findings, we
were able to develop a predictive equation to estimate the age
of walking independently which provides a useful tool for clini-
cians and researchers to estimate the gross motor development
as well as to assess the effectiveness of interventions aimed at
improving this important aspect of gross motor development.
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