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Introduction: Estimation of gestational age is a key for the identification of a given low
birth weight neonate is either preterm or growth retarded.

Objective: To estimate gestational age from neonatal anatomical anthropometric parameters
in Dessie Referral Hospital, Ethiopia.

Methods: Institutional-based cross-sectional study design was employed in Dessie Referral
Hospital from October 2019 to April 2020, with 424 consecutively live-born of 28-42 weeks
of gestation. After considering the inclusion criteria, neonatal anthropometric parameters
were measured within 3 days of birth. Foot length, hand length, mid-upper arm circumfer-
ence, head circumference, crown-heel length, intermammary distance, umbilical nipple
distance, and birth weight were measured and summarized using descriptive statistics, and
the power of association was evaluated using correlation analysis. Regression equations of
gestational age (GA) in completed weeks with anthropometric parameters were formulated
using simple and multiple linear regression analysis.

Results: Except for hand length, all other neonatal anthropometric measurements were positively
correlated with GA in completed weeks at p< 0.05. Anthropometric parameters individually, mid-
upper arm circumference (MUAC) and BW (birth weight) were correlated well with GA at
correlation coefficient (7) of 0.406 and 0.334, respectively. Regression formula was formulated
as GA (weeks) = 26.12+ [1.11xMUAC (cm)] and GA (Weeks) = 33.19 + [1.53xBW (kg)].
Multiple regression contributed correlation with GA and used for prediction of GA as GA
(weeks) = 28.12 — [0.393xHL (cm)] + [1.07xBW (kg)] + [0.87xMUAC (cm)] (= 0.458).
Conclusion: The overall relative better correlation for prediction of GA, alone and in
combination, is found by combined parameters (HL, MUAC, and BW). The relatively better
individual anthropometric parameter for GA assessment is MUAC. Hence, using this neo-
natal parameter as a prediction of gestational age, the death of neonate due to preterm can be
minimized.
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Introduction

Gestational age estimation is vital for medical besides numerous public health
functions, including the assessment of intrauterine growth curves and related tricky
conditions in populations, such as identifying whether infants of given low birth
weight are either preterm or growth-retarded, the adjustment for prematurity when
assessing gross motor milestone attainment, and determining at-risk status for
potential developmental delay related to target populations in need of follow up

and intervention services.'
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Indeed, gestational age (GA) denotes the length of time
between conception and delivery. Since the timing of
conception cannot be easily ascertained, GA is commonly
estimated as the difference between the first day of the last
normal menstrual period (LNMP) and the delivery date.
And also early pregnancy ultrasound is considered as the
gold standard for GA assessment. However, in low-
resource settings, GA estimation is difficult because of
the late for ANC, challenges of LNMP recall because of
hormonal contraceptive usage or maternal diseases and
low literacy, and unavailability of ultrasonography.>~

Worldwide, approximately 15 million infants (11%)
are born preterm each year.* Preterm birth is responsible
for 28% of all neonatal deaths, and the second leading
cause of death in children under 5 years of age.® The
burden of preterm birth is higher in low and middle-
income countries (LMICs), where more than 90% of the
global 15 million preterm deliveries occur each year.” As
stated by the United Nations, mortality estimate in 2013,
Ethiopia has 28 per 1000 live births neonatal mortality
rate. Even though there is an achievement observed in
the reduction of neonatal mortality by 48%, still neonatal
mortality is high.® In 2017 alone, an estimated
6.3 million children and young adolescents died, mostly
Of all the cases,
2.5 million neonatal deaths occurred before celebrating

from preventable causes. about
their 28" days. Among children and young adolescents,
the risk of dying was highest in the first month of life
with an average rate of 18 deaths per 1000 live births.’

According to the study in Ghana, one of the contribut-
ing factor to neonatal mortality is the duration of
pregnancy.'® Thus, gestational age estimation at birth and
identification and prompt care of premature babies pro-
vides us with an opportunity to not only reduce neonatal
mortality but also the under-five mortality rate. Gestational
age and birth weight as predicted from the last menstrual
period have traditionally been used as strong indicators of
prematurity and neonatal death.''

A reliable model development to estimate the fetal
weight at a given gestational age from maternal and fetus
parameters would facilitate intervention plans for health
care providers to prevent the risk of low birth weight
delivery."> ' This model development at different gesta-
tional ages is crucial for developing countries where there
is limited access to ultrasound machines and skilled per-
sonnel. However, it is difficult to conduct a study in such
countries due to the scarcity of resources.

So, the above problems specify that there are needs
for another model development at delivery which is
a new simple, cost-effective, reliable, easy to use and
uniform method for estimation of gestational age that
can be used in developing countries for immediate iden-
tification of preterm neonate and referral of preterm
neonates, as well as the delivery of potentially life-
saving management. Thus, alternative measurements of
neonates at the time of delivery may have a good cor-
relation with gestational age in new-born. Neonatal foot
length, hand length, mid-upper arm circumference,
umbilical nipple distance, intermammary distance,
crown-heel length, and birth weight have been studied
for their correlation with gestational age. All of these
neonatal parameters can be measured with simple and
casily available equipment “measuring tape” and does
not require any special training for use. Therefore, the
study was aimed 1) to investigate the relationship
between gestational age and the above neonatal anato-
mical parameters after delivery, 2) to find the better
parameter for gestational age assessment from this neo-
natal anatomical anthropometric parameter alone or in
combination, 3) to develop regression models to predict
gestational age from these neonatal anatomical anthro-

pometric parameters.

Materials and Methods
Study Area and Period

This institutional-based prospective cross-sectional study
was carried out from October 2019 to April 2020 at Dessie
Referral Hospital in the gynecology and obstetrics depart-
ment. The hospital is found in Dessie town, located
401 km from Addis Ababa, the capital city of Ethiopia,
and 478 km far from Bahir Dar, the capital city of Amhara
regional state. The hospital serves about 2.4 million peo-
ples of South Wollo and neighboring zones. It has more
than five wards including the obstetrics and gynecology
ward. The hospital’s monthly delivery report is above 500
mothers.

Source and Study Population

The source population for this study was all neonates who
were delivered at Dessie Referral Hospital from
October 2019 to April 2020, whereas all alive delivered
neonates who fulfill inclusive criteria were the study
population.
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Sample Size Determination and Sampling

Procedure

To date, there are no such published reports on the estima-
tion of gestational age from neonatal anatomical para-
meters. Therefore, the minimum required sample size for
this study was determined using the single population
proportion formula by taking into consideration
a prevalence 50% (p=0.5%), level of significance 5% (o
= 0.05), Zo/, =1.96, and margin of error 5% (d = 0.05).
Finally, a 10% non-response rate was added, then, the total
sample size required for this study was set at 424.

After checking the medical card of cases and taking
informed consent from the parents, based on the inclusive
and exclusive criteria of the study, a purposive sampling
technique was employed until the required sample size

was achieved.

Eligibility Criterion

Inclusion Criteria

Four hundred twenty-four (424) consecutively alive deliv-
ered neonates within 3 days of life and the calculated
gestational age ranged from 28 to 42 weeks were included
in the study.

Exclusion Criteria

Exclusion criteria consisted of mothers not knowing LMP
exactly (i.e. women having irregular menstrual cycle
before pregnancy), twin neonates, newborn with gross
congenital anomalies, severe perinatal asphyxia, chronic
maternal disease — hypertension, diabetes mellitus, cardiac
disease and severe anemia, TORCH infections positive
mothers, obstetrical complications known to compromise
fetal growth — eclampsia, smoking history, alcohol con-
sumption or drug abuse.

Anthropometry Equipment
1. Weight scale and
2. Flexible, non-elastic measuring tape meter

Data Collection Tools and Procedures

A properly designed checklist was used to collect relevant
information. The tool was adapted from different peer-
reviewed literatures. It contains written consents, socio-
demographic variables, gestational age of the mother just
at delivery, and neonatal anatomical parameters which
include head circumference (HC), crown-heel length
(CHL), mid-upper arm circumference (MUAC), foot
length (FL), hand length (HL), intermammary distance

(IMD), umbilical nipple distance (UND), and birth weight
(BW).

The medical records were reviewed for early findings
and the neonates were checked by physical examination
for their normal appearance. Following confirmation of the
normal appearance of a newborn by physical examination,
the study subjects were recruited to the study. The neo-
nates were placed in a supine position. Neonatal anatomi-
cal parameters were measured by using a non-elastic
measuring tape meter to the nearest of 0.1 cm. Birth
weight was measured by a balanced neonatal weight
scale in kilograms (kg). The GA of the study participant
was calculated from the history sheets by the use of
“Naegele’s formula” (i.e. count back 3 months from the
first day of the LNMP, add 1 year plus 7 days).

Crown-heel length of the neonate was measured from
the highest point on the head in the mid-sagittal plane
(vertex) of the skull to the heel of the foot (supine
position).'?

Head circumference was measured by non-elastic mea-
suring tape meter which encircles the head just above the
superciliary arch on the anterior aspect, just above the
auricle on the lateral aspect and, at the level of external
occipital protuberance on the posterior aspect.'®

Foot length was measured with a non-elastic measuring
tape meter as the maximum length between the most
prominent posterior point of heel and the tip of hallux
and the tip of the second toe if it was larger than the
hallux.'® Hand length was measured from the distance
between the heel of the hand and the tip of the middle
finger.'” Both foot length and hand length were measured
from the right side of the body.

Umbilical nipple distance was measured between the
12 o’clock positions of the rim of the umbilicus to the
right nipple.!” Intermammary distance was measured
between the distances of the nipples at the end of
expiration.

Mid-upper arm circumference: it was measured at mid-
point circumference of humerus between the acromion end
of clavicle and olecranon process of the ulna. The right
side of the arm was measured.

Data Quality Control

The data were collected by three Bachelor of Science in
Midwifery profession who works in the delivery room. To
maintain data quality, training on neonatal anatomical
anthropometry measurements and measurement errors
was given for the data collectors. The data collection was

Risk Management and Healthcare Policy 2020:13

submit your manuscript

3023

Dove


http://www.dovepress.com
http://www.dovepress.com

Tiruneh

Dove

carried out within 3 days of the postpartum period. All
measurements were taken by the trained tester/measurer.
A properly designed data collection material was prepared.
Anatomical parameters were measured by non-stretchable
tape and recorded to the nearest 0.1 cm. To maintain
reproducibility, each measurement was repeated 2 times
and the average was recorded. The principal investigator
had carried out day-to-day supervision during the data
collection period, and the collected data were checked
for its completeness and consistency.

Data Processing and Analysis

The collected data were checked for completeness, accu-
racy, and clarity before analysis. The data were entered in
EPI data version 3.1 and exported to statistical package for
social sciences (SPSS) version 23 for analysis. Data were
cleaned and edited before analysis. The normality test was
carried out to determine the normality of the samples and
it was normally distributed. The correlation among differ-
ent neonatal anatomical anthropometric measurements
with gestational age was tested. A P-value of less than
0.05 was considered statistically significant. Simple and
multiple linear regression analyses were done. To deter-
mine what combination gives the most accurate predic-
tions of GA, multiple regression analysis was carried out
using backward elimination procedures. Linear regression
equations were derived as a predictive model for gesta-
tional age from neonatal anatomical parametric measure-
ments. The multicollinearity between the independent
variable was assessed using variance inflation factor
(VIF) and it was less than 10. The fitness of regression
models was assessed using coefficients of determination
(r* and residual plots. The predictive accuracy of the
regression models was also evaluated using the mean
absolute error (MAE) and mean average percentage error
(MAPE). Finally, the data were presented by using state-
ments, tables, charts, and graphs.

Ethical Considerations

Ethical clearance was obtained from the institutional
research review board of Wollo University. A supporting
letter was sent to Dessie Referral Hospital and permission
was obtained from the hospital manager to implement the
study. The aim and objectives of the study were clarified to
each study participant’s parent/legal guardians. The verbal
informed consent was obtained for participant’s parents/
legal guardians who could not able to read and write, and
the verbally informed consent process was approved by

the DRERC of Wollo University. Written informed con-
sent was obtained from each participant’s parent/guardians
who could able to read and write. Privacy was kept by
taking the data anonymously and also the participant’s
parent/guardians had the right to be excluded from the
study if they were not voluntary to participate.

Results
Descriptive Statistics of

Sociodemographic Variables

A total of 424 women who gave alive birth had partici-
pated in this study. About 262 (61.8%) and 162 (38.2%)
study participants’ parents came from urban and rural,
respectively. The age of them was in the range of 16-38
with a mean of 26.8 (£5.2). The majority of the newborns
were delivered at term 360 (84.9%) followed by preterm
64 (15.1%), of which 216 (50.9%) of them were males and
208 (49.1%) were females. The gestational age of new-
borns was in the range of 31-42 weeks with a mean of
38.1 (£1.8). The proportions of cases in each gestational
week were not evenly divided. The largest proportions of
delivery occurred at 38 weeks followed by 39 weeks,
which accounted for 134 (31.6%) and 98 (23.1%) respec-
tively. Conversely, the smallest proportions of delivery
occurred at 42 weeks 1 (0.2%). The status of the newborn
was term 360 (84.9%) followed by preterm 64 (15.1%)
(Table 1 and Figures 1 and 2).

Descriptive Statistics of Gestational Age
and Anatomical Anthropometric

Parameters of Neonates

Descriptive statistics of neonatal anatomical measurements
of study participants were presented in Table 2. It was
observed that the different neonatal anatomical parameters
had different measurement quantities. Additionally, the
birth weight of the study subjects ranged from 2.2 kg to
4.5 kg with a mean birth weight of 3.2 (+0.4 kg).

Correlation Between Gestational Age
and Neonatal Anatomical

Anthropometric Measurements

Pearson’s correlation coefficient () between gestational age
and neonatal anatomical anthropometric measurements are
provided in Table 3. The r-value between gestational age and

neonatal anatomical anthropometric parameters ranged from
—0.018 to 0.406. Except for the hand length, all other
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Table |
Participants in Dessie Referral Hospital, Northeast Ethiopia

Socio-Demographic Characteristics of the Study

Variables Categories Frequency | Percentage
Residence Rural 262 61.8%
Urban 162 38.2%
Sex of neonate | Male 216 50.9%
Female 208 49.1%
Status of Preterm 64 15.1%
newborn (<37 weeks)
Term 360 84.9%
(37-42 weeks)
Level of Cannot read and 40 9.4%
educational write
Can read and write | 18 4.2%
Primary 157 37%
Secondary 160 37.7%
Higher education 49 11.6%
Occupation None employed 22 5.2%
Housewife 358 84.4%
Employed in 29 6.8%
governmental
institution
Employed in non- 13 3.1%
governmental
institution
Merchants 2 0.5%
neonatal anatomical anthropometric parameters had

a positive statistically significant correlation with gestational
age (p <0.05). The highest correlation was observed on mid-
upper arm circumference (7=0.406). On the other hand, the
lowest correlation was detected on hand length (r— —0.018)
and this parameter was not significantly correlated (p > 0.05).

It also explained that birth weight had a positive significant
correlation (r=0.334, p<0.05) (Table 3).

Gestational Age Estimation from
Neonatal Anatomical Anthropometric

Measurements

Simple and multiple linear regression analyses were con-
ducted to estimate GA from neonatal anatomical measure-
ments. It was evident that the relative maximum significant
correlation coefficient was obtained when all anthropometric
parameters were entered in a multiple linear regression ana-
lysis. To determine what combination gives the most accu-
rate predictions of GA, a backward elimination procedure
was conducted. In this method of analysis, the birth weight,
hand length, and MUAC had p<0.1 and they were the best
predictor variables, whereas the HC, IMD, UND, CHL, and
FL were eliminated (p> 0.1). As a result, a relatively better
significant correlation coefficient was obtained on (MUAC,
BW, and HL) (+=0.458) followed by a simple linear regres-
sion model entry, MUAC (r=0.406). Hence, a relative better
predictor regression equation for gestational age was formu-
lated as GA (in weeks) = 28.12 — [0.393xHL (cm)] +
[1.07xBW (kg)] + [0.87xMUAC (cm)] and GA (in weeks)
=26.12+ [1.11xMUAC (cm)] (Table 4).

Predictive Accuracy Measurements of the

Formulated Regression Models

The predictive capacity of the formulated regression mod-
els was measured using mean absolute error (MAE) and
mean average percentage error (MAPE). These predictive
accuracy measurements revealed that all of the proposed
models had the potential to estimate the gestational age.
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Figure 2 Break-up of the study sample for each gestational age in Dessie Referral Hospital, Northeast Ethiopia.

Based on MAE, model (8) which was formulated using
a combination of MUAC, BW, and HL had a better pre-
dictive accuracy (MAE= 1.21) followed by MUAC

Table 2 Descriptive Statistics of the Gestational Age of the
Woman and Anatomical Anthropometric Parameters of the
Neonate in Dessie Referral Hospital, Northeast Ethiopia

parameter model (4) (MAE=1.23). Furthermore, the mod-
els’ predictive accuracy using MAPE, indicated that the
error of using the model (8) was (MAPE=3.27%) followed
by the model (4) (MAPE=3.31%) (Table 5).

Discussion
This study was intended to estimate gestational age from
neonatal anatomical anthropometric measurements includ-

Parameters Minimum | Maximum | Mean | Standard ing HC, CHL, MUAC, HL, FL, IMD, UND, and BW in
Deviation 424 consecutively delivered neonates of Dessie Referral
Gestational age | 31.00 42.00 3803 | 1.85 Hospital. The study was conducted in the gynecology and
(weeks) obstetrics department of the postpartum ward within 72
Head 33.00 40.50 3640 | 1.8 hours of delivery.
circumference
(cm) Table 3 Correlation Between Gestational Age and Neonatal
Anthropometric Parameters in Dessie Referral Hospital,
Intermammary 4.90 11.50 8.88 0.83 Northeast Ethiopia
distance (cm)
Parameters Gestational Age
Umbilical nipple | 8.30 13.00 10.01 | 830
distance (cm) r p
Mid-upper arm 8.50 12.30 10.77 | 0.68 Head circumference (cm) 0.149 0.002
circumference Intermammary distance (cm) 0.228 0.000
(cm)
Umbilical nipple distance (cm) 0.169 0.000
Hand length 5.30 10.50 7.18 0.71
(cm) Mid-upper arm circumference (cm) 0.406 0.000
Foot length 6.00 10.00 8.0l 0.74 Hand length (cm) -0.018 0.718
(cm) Foot length (cm) 0.143 0.003
Crown heel 32 58.00 4966 | 3.18 Crown heel length (cm) olls 0018
length (cm)
Birth weight (kg) 0.334 0.000
Weight (kg) 2.20 4.50 317 | 041
Notes: r = Pearson’s correlation coefficient; P = level of significance (<0.05).
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Table 4 Gestational Age Estimation from Neonatal Anthropometric Parameters in Dessie Referral Hospital, Northeast Ethiopia

Parameters R R? Adjusted SEE | Regression Equations GA (Weeks) Sig.
R?
Head circumference (cm) 0.149 | 0.022 | 0.020 1.83 | 32.48+[0.15xHC(cm)] 0.002
Intermammary distance (cm) 0.228 | 0.052 | 0.050 1.81 | 33.51+[0.51XIMD (cm)] 0.000
Umbilical nipple distance (cm) 0.169 | 0.029 | 0.026 1.83 | 34.22+[0.38xXUND (cm)] 0.000
Mid-upper arm circumference (cm) | 0.406 | 0.165 | 0.163 1.69 | 26.12+[1.1 1 XMUAC (cm)] 0.000
Foot length (cm) 0.143 | 0.020 | 0.018 1.84 | 35.17+ [0.36%FL (cm)] 0.003
Crown heel length (cm) 0.115 | 0.013 | 0.011 1.84 | 34.72+[0.07%CHL (cm)] 0.018
Birth weight (kg) 0.334 | 0.112 | 0.109 1.75 | 33.19+ [1.53xBW (kg)] 0.000
HL, MUAC and BW 0.458 | 0.210 | 0.204 1.65 | 28.12-[0.393%HL (cm)]+[1.07%BW (kg)]+[0.87x*MUAC 0.000
(em)]

Notes: R, correlation coefficient; R?, coefficient of determination.

Abbreviations: SEE, standard error of estimate; Sig., significance (P<0.05); GA, gestational age; HC, head circumference; IMD, intermammary distance; UND, umbilical
nipple distance; MUAC, mid-upper arm circumference; FL, foot length; CHL, crown-heel length; HL, hand length; BW, birth weight.

Though prematurity is a major determinant of neonatal
survival, there was no study finding entitled on gestational
age estimation from neonatal anatomical anthropometry in
developing country including Ethiopia. These countries
rely on LNMP for the determination of gestational age to
assess the delivered neonate whether they were term or
preterm. However, LNMP may not be recalled due to
irregularity, hormonal contraceptive usage, and low lit-
eracy in low-income countries. As a result, this study
might have significance for the early management of pre-
maturity and then reducing under-five mortality rates.

Table 5 Assessment of the Prediction Accuracy of the
Formulated Regression Models in Dessie Referral Hospital,
Northeast Ethiopia

No. | Regression Models MAE | MAPE | Sig.
| 32.48+[0.15xHC(cm)] 1.32 | 3.56% | 0.002
2 33.51+[0.51xIMD (cm)] 1.30 | 3.49% | 0.000
3 34.22+[0.38xUND (cm)] 1.28 | 3.46% | 0.000
4 26.12+[1.11xMUAC (cm)] 1.23 3.31% | 0.000
5 35.17+ [0.36%FL (cm)] 1.31 3.53% | 0.003
6 34.72+[0.07xCHL (cm)] 129 | 3.49% | 0.018
7 33.19+ [1.53xBW (kg)] 1.29 | 3.49% | 0.000
8 28.12-[0.393xHL (cm)] 1.21 3.27% | 0.000

+[1.07xBW (kg)]+[0.87xMUAC

(cm)]

Abbreviations: Sig., significance (P<0.05); GA, gestational age; HC, head circum-
ference; IMD, intermammary distance; UND, umbilical nipple distance; MAE, mean
absolute error; MAPE, mean average percentage error; MUAC, mid-upper arm
circumference; FL, foot length; CHL, crown-heel length; HL, hand length; BW,
birth weight.

In the current study, head circumference, crown-heel
length, mid-upper arm circumference, foot length, inter-
mammary distance, umbilical nipple distance, and birth
weight had a positive significant correlation with gesta-
tional age. This finding was in agreement with a study
conducted in India by Thawani et al.'” Furthermore, hand
length had an insignificant correlation in the current study
with gestational age as compared to the study conducted
by Thawani et al. This discrepancy may be due to differ-
ences in sample size used. Moreover, this study had in
agreement with a study conducted by Yadav et al in
India,' which explained that birth weight, foot length,
head circumference, and crown-heel length had a positive
correlation with gestational age.

Concerning the strength of association in the current
study,
a relatively strong correlation with gestational age on com-

plete weeks followed by birth weight (+=0.334). This finding
1’ 19

mid-upper arm circumference (r=0.406) had

was inconsistent with a study conducted by Yadav et a
where foot length (+=0.878, p<0.0001) had a maximum
correlation followed by birth weight (+=0.799). These con-
tradictions might be due to the demographic profile and
sample size differences. Another study conducted by Das,
et al, HC had a strong association (+=0.863) followed by
CHL (7= 0.859). This explains that the inconsistency was
demonstrated to the use of only two variables for estimation
of the gestational age as compared to the current study.
Contemporarily, this study discussed the regression equa-
tion was formulated in complete weeks and found that

Risk Management and Healthcare Policy 2020:13

submit your manuscript

3027

Dove


http://www.dovepress.com
http://www.dovepress.com

Tiruneh

Dove

a relatively strong association was obtained in combination of
(MUAC, BW, HL) (=0.458), and formulated as GA in
weeks= 28.12 - [0.393xHL (cm)] + [1.07xBW (kg)] +
[0.87xMUAC (cm)], followed by a simple linear regression
equation on mid-upper arm circumference (=0.406), GA in
weeks = 26.12+ [1.11xXMUAC (cm)]. This finding was con-
sistent with a study carried out by Yadav et al,'” as revealed
using a combination of neonatal parameters would determine
a better prediction for gestational age as compared to indivi-

dual parameters.

Conclusion
Except for hand length, all other neonatal anatomical
parameters had a positive correlation with gestational
age. The overall relative better correlation for estimation
of gestational age, alone and in combination, is found by
combined MUA, HL, and BW. The relatively better indi-
vidual neonatal parameter for GA prediction is MUAC.
The relatively better regression model is obtained by
combined parameters of MUAC, HL, and BW. These
simple and multiple linear regression models are simple
and quick. As a result, it can be used at any primary health
care by health care providers with the help of ordinary
measuring tape. Hence, basic health care personnel can
identify preterm cases easily and quickly refer for further

management.

Recommendations

Clinicians should carry out routine GA assessment and
neonatal anatomical parametric measurement during the
postpartum period. Hence, this will provide better evi-
dence for clinical decisions. A similar large scale and
multi-center study should be conducted. It would also be
ideal to carry out a study on other neonatal anatomical
parameters. Furthermore, studies should be conducted on
bilateral neonatal anatomical parameters to detect the dif-

ference for the prediction of gestational age.

Abbreviations

BW, birth weight; CHL, crown-heel length; CM, centi-
meter; FL, foot length; GA, gestational age; HC, head
circumference; HL, hand length; IMD, intermammary dis-
tance; LNMP, last normal menstrual period; MAE, mean
absolute error; MAPE, mean average percentage error;
MUAC, mid-upper arm circumference; UND, umbilical
nipple distance.

Data Sharing Statement

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Ethical Approval and Consent to

Participate

Before data collection, ethical clearance was obtained
from the Department of Research Ethics Review
Committee (DRERC) of Wollo University. A supporting
letter was sent to Dessie Referral Hospital and permission
was obtained from the hospital manager to implement the
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