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Abstract

Background

Anterior fontanelle is the largest, prominent and most important fontanelle, which is used for
clinical evaluation. It is mainly characterized by its size and shape variation and is possibly
influenced by gender, race and genetics. Understanding the variation of anterior fontanelle
is used for recognition of different medical disorders and abnormal skeletal morphogenesis.

Objective

To determine the mean size of anterior fontanelle among term neonates on the first day of
life born at University of Gondar Hospital, Gondar Town, Northwest Ethiopia, 2018.

Methods

Descriptive cross sectional study design was undertaken in 384 term and apparently healthy
neonates, using standard methods. Descriptive analysis, student t-test, one way ANOVA
and Pearson correlation coefficient were implemented.

Results

In this study, the mean size of anterior fontanelle in term neonates was 3.00 + 0.62 cm
(range 1.70-5.50 cm). The mean size of anterior fontanelle was 3.10 + 0.66 cm for males,
and 2.88 + 0.57 cm for females. There was statistically significant difference in anterior fon-
tanelle size in neonates of different genders (p<0.001), mode of delivery (p<0.001) and
duration of labour (p = 0.006). However, the size of anterior fontanelle was not significantly
affected by the birth order, onset of labour and socio-demographic variables of the mother
except occupation of the mother (p = 0.01). There was a significant positive correlation
between the mean size of anterior fontanelle with birth weight (r=0.11; p=0.04) and head
circumference (r=0.17; p=0.001).
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Conclusions

At term, male neonates had significantly larger anterior fontanelle than female neonates and
anterior fontanelle size has a direct relationship with birth weight and head circumference.

Introduction

Fontanelles are fibrous gaps occurring when more than two cranial bones are juxtaposed or it
can be defined as a place where two or more sutures meet [1-4]. The word fontanelle is derived
from the Latin word, Fonticulus and the old French word, Fontaine, meaning a little fountain
or spring [2-5]. In the newborn skull six fontanelles can be identified, namely anterior, poste-
rior, two mastoid and two sphenoid fontanelles [6-8]. Out of six, the most prominent and the
largest fontanelle is rhomboid anterior fontanelle (AF) situated between the two frontal and
two parietal bones [8]. AF allows growth of the brain in relative to skull bone growth [2, 4, 9].
The bones of the skull overlap each other during labour time for successful delivery; however,
the molding process of the skull will be resolved after three to five days of birth [2, 4]. The aver-
age time of AF closure is 18 months, but often closes by 12 months [8, 10, 11]. The variation in
size, shape and closure time is a key feature of normal AF [5, 8]. Until recently, AF measure-
ment has not been routinely performed as part of the newborn examination, even if, the clini-
cal value of AF examination is crucial [6].

AF size has been utilized as evidence of altered intracranial pressure, an index of the rate of
development and ossification of the calvarium [5]. It is also an indicator to various medical
disorders and abnormal skeletal morphogenesis [2, 4-6, 12].

The diagnosis of an abnormal fontanelle e.g. bulging, sunken fontanelle, large size, small
size, early closure and delayed closure requires an understanding of the wide variation of nor-
mal fontanelle. Knowledge of AF size is crucial to determine many disorders. Delayed closure
or large size of the AF can be associated with multiple diseases. Of them, skeletal disorders,
chromosomal defects and dysmorphogenesis syndromes, endocrine disorders, drug and toxin
exposure, fetal hydantoin syndrome, aminopterin induced malformations, congenital infec-
tions (e.g. rubella and syphilis) and aluminum toxicity [4, 8, 10].

Increased intracranial pressure is the most common cause of bulging, enlarged and delayed
closure of the AF. A sunken AF is the sign of dehydration [4, 8]. In cardiac diseases (a full fon-
tanel, which is tense and visibly elevated may support the diagnosis of a heart failure), while in
intrauterine growth retardation (neonates with small for date of gestational age) may show the
largest AF [3, 13].

Physical examination of AF size along with well child care in neonates and infants is highly
recommended medical practices in Neonatology and Pediatrics. It gives useful information to
follow the developmental status of the child as well as general state of health and can be consid-
ered as an index of cranial growth and development during the prenatal and postnatal period.
Any developmental alteration in AF growth presumably is an indicator of an abnormal growth
[2,3,6,14].

In Ethiopia, like any other developing countries, published literature regarding size of AF is
scarce. In order to establish a national age related standard for AF size, further study in differ-
ent parts of Ethiopia was recommended in the study done in Addis Ababa on infant’s age
between 3 days and 270 days in 2004 [3]. Hence, the present study is undertaken in attempt to
fill the gap by providing information on the size of AF of neonates living in Gondar.

PLOS ONE | https://doi.org/10.1371/journal.pone.0202454  October 26, 2018 2/13


https://doi.org/10.1371/journal.pone.0202454

®PLOS | one

Anterior fontanelle size among term neonates

Methods and materials
Study area and period

An institution based descriptive cross sectional study design was undertaken and the study
was conducted at Maternity and Neonatal Ward, University of Gondar Hospital (UoGH),
Gondar Town from October 01, 2017 to February 15, 2018.

Sample size and sampling technique

The sample size was calculated using a single population proportion formula; by considering
P -value 50%, at 95% confidence interval (CI), 5% margin of error and 5% non-response rate.

Mothers of the neonates were selected randomly at the time period of 6:00 am-2:00 pm from
three periods of 24 hours. All apparently healthy term neonates on the first day of life were
included in the study. Neonates with gestational age between 37-42 weeks (appropriately grown
neonates), birth weight between 2500 gm and 4000 gm, neonates free from any medical and
physical disorders (no apparent neurological, skeletal or congenital problems) that affects AF
size, and neonates with written informed consent from their mothers were included in this study.

All neonates with cephalohaematoma, obvious chromosomal abnormalities, caput succeda-
neum, cranial hemorrhage orsubgaleal hemorrhage, sever moulding, abnormal presentation of
labor and birth injury of head region that affects AF size were excluded from the study. We
also excluded pregnancies affected by maternal disease (e.g. hypertension, diabetes mellitus,
renal disease or congenital infections) that might have an impact on fetal growth. Multiple
pregnancy, neonates of smoking, drug user (e.g. phenotoine, thyroxin and hydontoins) moth-
ers were also excluded from the study.

A total of 384 term neonates (206 males and 178 females), born at the time of data collection
were included in the study.

Study variables

AF Size is a dependent variable.

Independent variables include socio-demographic variables: maternal age, place of resi-
dence, marital status, educational status, occupation and monthly income of the mother; and,
pregnancy, labour, outcome and newborn related variables: birth order, onset of labour, dura-
tion of labour, mode of delivery, gender of neonate, birth weight and head circumference.

Data collection tools, techniques and procedures

Data were collected using a checklist with direct face-to-face interview with the mothers. The
main questions were maternal socio-demographic variables, and pregnancy, labour, outcome
and newborn related variables. The data collection checklist was first prepared in English and
translated to Amharic and then back to English to check for consistency of meaning.

The conditions during delivery, maternal socio-demographic variables, birth order, onset
of labour, duration of labour and mode of delivery (Spontanious vertex delivery or Ceserian
section) of the neonate were obtained from the mother and attending physician. Birth weight,
head circumference, and anterior posterior and transverse dimension of AF were measured
using non-elastic (non-stretchable) plastic tape within 24 hours of birth. All measurements
were in centimeters and grams.

The AF size was measured by using Popich and Smith method [2, 3, 6, 8]. The Popich and
Smith method is the simplest, practical and acceptable in clinical settings (Fig 1). The extent of
the AF was determined by inserting the index finger in turn into each of the four corners (ver-
tices) (Fig 2) and a small circular dot was marked with washable ink on the skin immediately
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Fig 1. Method of measurements of mean size of AF, AF size = % (based on Popich and Smith).

https://doi.org/10.1371/journal.pone.0202454.9001

Fig 2. Measurement of AF size in the neonate (determining four vertices).

https://doi.org/10.1371/journal.pone.0202454.9002
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distal to the finger. Then, a piece of white paper was firmly pressed over the fontanel so that
the four dots were transferred onto the paper as traced and marked according to Davies et al.
in 1975 [15]. The distance between the anterior and posterior points and between the transver-
sal points were measured and recorded with a fresh ruler, with an accuracy of closest millime-
ter. The average (mean) of anterior posterior dimension (length) and transverse dimension
(width) was considered as the size of AF [12]. The fontanelle was examined while the neonate
is calm and held in both supine and upright position [4, 8].

For each neonate, head circumference was measured with calibrated non-elastic (non-
stretchable) plastic tape. The tape was placed around the neonate’s head at the same level on
each side crossing the forehead superior to the supra orbital ridges and passing over the occipi-
tal prominence posteriorly with an accuracy of closest millimeter. In order to measure the
weight of neonate, a balance beam neonate scale was used with the accuracy of closest gram.

All infection prevention precautions standards were used during the time of measurement.
Standard precautions were also applied for measuring equipment.

Materials like fresh ruler, washable ink, a balance beam neonate scale and calibrated non-
elastic plastic tape were used to measure parameters. All measurements were recorded on the
checklist designed for this study.

Data processing and analysis

The collected data were checked for completeness, accuracy and clarity. The collected data
were entered, cleaned, validated and analyzed by using SPSS (Statistical Package for Social Sci-
ence) version 20. Descriptive analysis was done to describe the frequency and percentage of
dependent and independent variables. The mean and standard deviation (S.D.) of the AF size
were analyzed for the two genders. Two-tailed student t-test (independent) was used to com-
pare the difference in AF size between genders, mode of delivery, onset of labour and place of
residence. One way ANOVA (Analysis of Variance) test was utilized to compare neonates
among groups of birth order, duration of labour, maternal age, marital status, educational sta-
tus, occupation and monthly income of the mother in the mean difference in their AF size.
The Pearson correlation coefficient was used to identify the correlation between AF size with
birth weight and head circumference. Percentiles of the AF size were also drawn. AP-value less
than 0.05 were considered to be statistically significant.

Ethical consideration

Ethical clearance was obtained from the School of Medicine, College of Medicine and Health
Sciences, University of Gondar Ethical review committee. The purpose of the study was
described to the mothers of all neonates, and a written or oral (only for those unable to read
and write) informed consent was taken from the neonate’s mother or father. In addition, all
information obtained from them was secured and kept confidential. To ensure confidentiality,
the names were avoided from the checklist. All data involving measurement were collected
without any risk or harm to the neonates.

Results
Socio-demographic characteristics of mothers

A total of 384 mothers of neonates were involved in the study (response rate = 100%), of
whom 284 (74.0%) were urban residents. The majority of the women were married 366
(95.3%) and in the age group of 26 to 30 years old 166 (43.2%). About half of respondents
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Table 1. Socio-demographic characteristics of mothers and its mean, S.D. and P-value of UoGH, Gondar Town, Northwest Ethiopia, 2018.

Characteristics Frequency (n = 384) Percent Meanz S.D. (cm) P-value (significance)
Place of residence
Urban 284 74.0 2.98 £ 0.59 t=-1.01;p = 0.31; 95% CI 0.21-0.07
Rural 100 26.0 3.05 £ 0.68
Maternal age in years
16-20 22 5.7 2.98 £0.76 F=121;p=0.31
21-25 126 32.8 2.99 £0.57
26-30 166 43.2 3.03 £0.61
31-35 57 14.8 2.87 £0.68
36-40 13 34 3.25+0.60
Marital status
Married 366 95.3 3.00 £ 0.63 F=0.09p=091
Divorced 8 2.1 2.98 £0.33
Single 10 2.6 2.91+0.45
Educational status
Unable to read and write 74 19.3 2.83 +0.57 F=154p=0.18
Only able to read and write 20 5.2 3.03+0.69
From 6-12 grades 193 50.3 3.04+ 0.64
Certificate holder 9 2.3 2.97 £0.33
Diploma holder 54 14.1 2.98 +0.62
Degree holder and above 34 8.9 3.11+0.57
Occupation of the mother
House wife 201 52.3 3.05+0.63 F=3.05p=0.01
Merchant 41 10.7 2.99+ 0.54
Government employee 68 17.7 3.07+0.58
Daily laborer 19 4.9 2.56% 0.53
Farmer 36 9.4 2.85+0.74
Student 19 4.9 2.88+ 0.36
Monthly income(in Ethiopian Birr)
< 600 11 2.9 3.07 £0.31 F=191;p=10.09
601-1650 33 8.6 2.88 £0.76
1651-3200 69 18.0 2.97+0.63
3201-5250 40 10.4 3.11 £0.58
> 5251 11 2.9 3.22+0.72
No income 220 57.3 +0.62

https:/doi.org/10.1371/journal.pone.0202454.t001

were with educational status of 6 to 12 grades 193 (50.3%) and housewives in occupation 201
(52.3%) (Table 1).

Anterior fontanel size

The mean size of AF for the study population was 3.00 cm (+ Standard deviation (S.D.) 0.62
cm with a range of 1.70-5.50 cm (Fig 3).

46.9% and 44.3% of neonate had AF size between 2.0 and 2.99 cm, and 3.0-3.99 c¢m, respec-
tively. Of the total study subjects 11 (2.9%) had AF size of less than 2.0 cm and 6.0 (1.6%) of
them had AF size of greater or equal to 5.0 cm (Table 2).

Based on the percentile distribution, less than five percent of neonates had an AF size below
2.05 cm and five percent had AF size above 4.24 cm. This indicated 90% of the sample had AF
size between 2.05 and 4.24 cm (Table 3).
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Fig 3. Distribution of AF size among term neonates of UoGH, Gondar Town, Northwest Ethiopia, 2018.
https://doi.org/10.1371/journal.pone.0202454.9003

Of 384 neonates, 206 (53.6%) were males. The mean size of AF was calculated in both gen-
ders: 3.10 % 0.66 cm for males, and 2.88 + 0.57 cm for females. A statistically significant differ-
ence in mean AF size between males and females were found (t = -3.69; p<0.001).

The mean AF sizes of neonates among groups of birth order and onset of labour were com-
pared for mean difference; nonetheless, statistical difference among these variables were not
detected (p>0.05)(Table 4).

The mean AF size of neonates among groups of duration of labour showed significant
difference (p<0.05). In the same manner, comparison of AF size in the spontaneous vertex
delivery with ceserian section group showed that AF size in the ceserian section group was sig-
nificantly (p<0.001) higher than spontaneous vertex delivery(Table 4).

The mean AF size of neonates born from mothers of different maternal age (p = 0.31), place
of residence (p = 0.31), marital status (p = 0.91), educational status (p = 0.18) and monthly
income (p = 0.09) showed no significant difference. However, comparison of the mean AF size
of neonates born from mothers of different group in occupation showed statistically significant
difference (p = 0.01) (Table 1).

Table 2. The frequency distribution of AF size among 384 term neonates of UoGH, Gondar Town, Northwest
Ethiopia, 2018.

Anterior fontanel size ranges (cm) Frequency (%)
0.1-0.99 0(0)
1.0-1.99 11 (2.9)
2.0-2.99 180 (46.9)
3.0-3.99 170 (44.3)
4.0-4.99 17 (4.4)
5.0-6.0 6 (1.6)
Total 384 (100.0)

https://doi.org/10.1371/journal.pone.0202454.t1002
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Table 3. Percentiles of AF size (cm) among 384 term neonates of UoGH, Gondar Town, Northwest Ethiopia, 2018.

Percentiles
At birth 5th 10™ 25t 50t 750 9ot 95th
2.05 2.30 2.65 3.00 3.25 3.70 424

https:/doi.org/10.1371/journal.pone.0202454.t003

Table 4. Distributions, mean, S.D. and P-value of pregnancy and labour related characteristics among term neonates of UoGH, Gondar Town, Northwest Ethiopia,

2018.
Characteristics Frequency Percent (%) Meanzt S.D. (cm) P-value (significance)
(n=384)
Birth order
1-2 314 81.8 2.97 £ 0.62 F=1.25p=0.29
3-4 60 15.6 3.15+0.62
5-6 8 2.1 2.80 £ 0.36
7-8 0.3 2.90 £ 0.00
11-12 1 0.3 3.10 £ 0.00
Onset of Labour
Spontaneous 307 79.9 2.98 £ 0.64 t =-0.84; p = 0.40; 95% CI -0.22-0.09
Induced 77 20.1 3.05+0.52
Duration of labour in hours
0-4 59 154 3.17 £ 0.61 F =3.69; p = 0.006
5-9 143 37.2 2.97 £ 0.54
10-14 87 22.7 2.98 £ 0.55
15-19 63 16.4 2.80 + 0.56
20-24 32 8.3 3.19 £ 1.02
Mode of Delivery
Spontaneous vertex delivery 282 734 2.91+0.53 t =-4.84;p<0.001CI = -0.47-0.20
Caesarean section 102 26.6 3.24 +0.76

https://doi.org/10.1371/journal.pone.0202454.t1004

Table 5. Correlation of AF size with mean birth weight and head circumference among term neonates of UoGH,
Gondar Town, Northwest Ethiopia, 2018.

Correlation of Anterior Weight (gm) Head circumference (cm)
fontanel size (cm)
N 384 384
Mean value 3063.50 35.70
Pearson correlation 0.11* 0.17**
Sig. 0.04 0.001

*. Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed). N: 384 in all parameters

https://doi.org/10.1371/journal.pone.0202454.t005

The size of AF had significant positive correlation (p<0.05) with birth weight and head cir-
cumference of neonate (Table 5).

Discussion

Our study focused on the hypothesis that various variables such as socio-demographic factors
(maternal age, residency), duration of labour, mode of delivery and the likes contributes for
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the variability of AF size. Thus, face-to-face interview using checklist with the mother followed
by AF size of apparently healthy term neonates on the first day of life measurement by Popich
and Smith method was conducted. Accordingly, gender of the neonate, duration of labour and
mode of delivery significantly affects the size of AF. Besides, the birth weight and head circum-
ference of the neonate positively correlated with the size of AF.

In the present study, the mean size of AF of the general population of the study participant
is 3.00 + 0.62 cm. Studies done in Southeastern Nigeria Igbo [16]and Black American [17]and
calculating the AF size using Popich and Smith method reported similar finding. Interestingly,
reports from Nigerian [18], East Indian [19], Hilly Indian [20], Arab Libya [21], White Ameri-
can [17], Chinese [22], Nigerian [23] and Addis Ababa studies [3]were also strongly support
our finding. In contrast, it is found to be larger than those reported in Iranian [6], recent Ira-
nian [8], Caucasian American [12], Sri Lankan [24], Israeli [25], Egypt [26], Germany [27],
Switzerland [28], Hispanic [29]and Scottish neonates [30]. The mean AF size of our study is
smaller than in non-hilly Indian [20], Nigerian Ibadan [31] and Indian Nagpur studies [5]
(Table 6). The difference in AF sizes could be due to genetic, race or regional (geographic) var-
iation as evidenced from other studies [5, 16, 19, 20]. It could also be due to measuring instru-
ment and time of measurement and estimation of AF size in the presence of wide sutures.
Wide sutures have been associated with large AF size in the presence of normal head circum-
ference as evidenced by previous studies [16, 32]. In some neonates, margins of fontanelle do

Table 6. Comparison of mean AF size in neonates of various previous studies.

Previous studies
Nigerian, Igbo

Black American
Previous Nigerian (1982)
East Indian

Hilly Indian

Non- hilly Indian

Indian Nagpur

Arab

White American
Chinese

Nigerian

Nigerian Ibadan
Iranian (2011)
Recentlranian(2015)
Sri Lankan

Israeli

Caucasian American

Caucasian study by Davies et al.

Hispanic

Switzerland

Egypt

Germany

Ethiopia Addis Ababa

Ethiopia Gondar (Current
study)

https://doi.org/10.1371/journal.pone.0202454.t006

Mean size of AF (mean + S.D) cm | N(term) | Time of measurement | Measuring Instrument used | Method
2.97 +£0.71 269 24 to 48 hrs Steel tape Traditional
3.08 + 0.80 293 within 48 hrs Paper tape Traditional
3.30 +2.00 - Within 24 hrs - Not clearly stated
3.37 £ 0.61 45 After 48 hrs Sliding caliper with blunt end | Traditional
3.35+ 1.07 - - - Traditional
3.80 + 1.95 - - - Traditional
424 +221 698 After 48 hrs Verniers caliper with blunt Traditional

end
2.72+0.63 200 within 48hrs Steel tape Traditional
2.67 £0.70 73 within 48 hrs Paper tape Traditional
2.67 79 At 3 days Steel tape Traditional
3.40 + 0.60 337 At 3 days Steel tape Traditional
4.0+ 1.0 - Within 24 hrs - Not clearly stated
2.54+1.33 400 Within 24 hrs Paper tape Traditional
2.55+1.92 208 Within 24 hrs Fresh steel ruler Traditional
2.55 2215 12 to 24 hrs Plastic tape Traditional
2.06 + 0.6 303 - - Traditional
2.1+2.0 201 Within 48 hrs Steel tape Traditional
220.2 +28.6 mm2 33 At 3 days Steel tape Calculated the area in

mm2

225+79 170 After 24 hrs Digital calipers Traditional
2.01+0.72 111 Within 24 hrs Unspecified Caliper Oblique diameter
2.20 480 After 3days Tape Oblique diameters
2.00 - After 3 days - Transverse dimension
3.35+0.94 78 At 3 days Ruler Traditional
3.0+ 0.62 384 Within 24 hrs Fresh Ruler Traditional
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not meet, but simply merge with suture lines. If tips of a caliper were placed simply at the
edges of fontanelle in such neonates, it will result erroneously higher measurement as indi-
cated from previous studies [24, 29]. In addition, method difference was noted in Hispanic
(presence of premature neonates) and Davies et al. study (got AF size by calculating the surface
area) (Table 6). The study in Switzerland [28], Egypt [26]and Germany [27]considered differ-
ent method to get AF size (Table 6). The method they used makes AF value smaller than from
the value in traditional method as explained by previous study [3].

The mean AF size of the present study is comparable with the report from Indian study
neonates living in hilly areas; however, it is lower by 0.8 cm from Indian neonates living in
non-hilly areas [20]. The larger difference in mean AF size indicated that altitude may have an
effect on the size of AF [3, 20]but it needs further investigation.

The range of the AF of our study participant neonates is between 1.70 cm and 5.50cm. A
study done in Addis Ababa reported AF size was ranged between 1.50cm and 5.80cm. The rea-
son for this slight difference may be related to differences in methodology (timing of measure-
ment and presence of premature neonates).

Piece of evidences reported a variation in AF size between neonates of different races [12,
17,20, 29], regions [5, 19, 20, 22, 28, 29], genetics [5, 16, 19, 20], nutrition [19], methods, time
of measurement, and measuring instruments [16, 29] and estimation in the presence of wide
sutures [32]. The method, type of instrument measuring and timing differences of various
studies are presented in Table 6.

In the present study, the mean size of the male (3.10 £ 0.66 cm) neonates was significantly
(p< 0.05) larger than the female (2.88 + 0.57 cm) neonates. Our finding is strongly supported
by the study conducted among Iranian [6], Arab Libya [21], Recent Iranian (2015) [8] and His-
panic [29] study neonates. However, some other reports did not show significant difference in
AF size between male and female neonates [17, 5, 30, 22, 16, 12, 15, 25, 23, 27, 28, 26]. Regard-
less of statistically non-significant difference, study conducted in Sri Lankan and Addis Ababa
reported that the mean AF size of male neonates is larger than females [3, 24]. The discrepan-
cies between our findings and the aforementioned reported studies may be due to differences
sample size and timing of measurements as evidenced by previous Hispanic study [29].

In the present study, the mean AF size in different birth order showed barely significant dif-
ference (p>0.05). This finding is supported by the study conducted in Addis Ababa [3].

The mean size of AF in different duration of labour showed significant difference (p<0.05).
There was tendency to decrease in AF size with increasing duration of labour. This finding is
supported by the study conducted in Hispanic neonates. The possibility of increased molding
secondary to longer labour may play a role as indicated by Hispanic study [29]. The mean size
of the cesarean section group was significantly (p<0.05) larger than the spontaneous vertex
delivery group and the difference may be due to the effect of molding. Our finding is strongly
supported by the study conducted in Iran [8]. However, reports from previous Iranian [6] and
Nigeria Igbo studies [16] showed hardly significant difference in AF size between cesarean sec-
tion and spontaneous vertex delivery group.

In Ethiopia, different socio-economic status of the mother were compared for AF size in
Addis Ababa study [3]. Therefore, the present study analyzed for different groups of maternal
age, place of residence, marital status, educational status, occupation and monthly income
of the mother. All of these variables showed hardly a significant difference (p>0.05). Neverthe-
less, the maternal occupation of the neonate showed significant difference in AF size (p<0.05).
The difference may be due to difference level of knowledge to accomplish their daily living
activities.

In the present study, a significant positive correlation was found between AF size and birth
weight (p<0.05). Our finding is strongly supported by the study conducted among Brazil,
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Hispanic and Switzerland neonates [28, 29, 3]. However, reports from Iranian [6] and Indian
Nagpur [5]showed a significant negative correlation between AF size and birth weight. Sri
Lankan and Addis Ababa studies reported hardly significant positive correlation between AF
size and birth weight [3, 24]. Some other reports did not show any relation with birth weight
[31, 16, 30, 14].

Significant positive correlation was found between the size of AF and head circumference
(p<0.05). Our finding is strongly supported by the study conducted among Brazil [33], Nigeria
Ibadan [31] and Addis Ababa [3] neonates regardless of their statistical insignificance. Non-
significant correlation (p>0.05) between the size of AF and head circumference was reported
by the study conducted among Iranian [6], Hispanic [29], Arab [21], Turkey [14], Israeli [25]
and Switzerland [28] neonates.

Conclusion

The findings of the present study can be summarized as:

The mean size of AF for appropriately grown term neonates of the present study had signif-
icant difference in mean AF size between males and females. In addition, there was significant
difference in mean AF size in neonates of different duration of labour, mode of delivery and
occupation of the mother. There was no significant difference in mean AF size in neonates
born from mothers of different maternal age, place of residence, marital status, educational
status and monthly income of the mother. Furthermore, non-significant difference in neonates
of different birth order and onset of labour in mean AF size were found. Besides, the AF size
had significant positive correlation with the birth weight and head circumference of neonates.
Therefore, our finding may serve as reference values for pediatricians and other clinicians.

Supporting information

S1 File. Confidentiality and informed consent statement.
(PDF)

S2 File. Consent form and ethical clearance.
(PDF)

S3 File. English data collection checklist.
(PDF)

S4 File. Amharic version checklist.
(PDF)

Acknowledgments

We are grateful to thank the study participant neonates and their mother for their valuable
contribution. Our appreciation also goes to Mr. Haimanot G/Hiwot (Assistant Professor of
Public Health) for his valuable comments on the statistical analysis. The authors like to express
their gratitude to all the members of the Department of Human Anatomy as well as Maternity
and Neonatal Ward of the University of Gondar Hospital as their contributions were vital in
the completion of this research work. MO acknowledges the receipt of a funding by the Uni-
versity of Gondar.

Author Contributions
Conceptualization: Mohammed Oumer, Edengenet Guday, Alemayehu Teklu, Abebe Muche.

PLOS ONE | https://doi.org/10.1371/journal.pone.0202454  October 26, 2018 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202454.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202454.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202454.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202454.s004
https://doi.org/10.1371/journal.pone.0202454

®PLOS | one

Anterior fontanelle size among term neonates

Data curation: Mohammed Oumer.

Formal analysis: Mohammed Oumer.

Funding acquisition: Mohammed Oumer.

Investigation: Mohammed Oumer, Edengenet Guday.
Methodology: Mohammed Oumer, Alemayehu Teklu.

Project administration: Mohammed Oumer.

Resources: Mohammed Oumer.

Software: Mohammed Oumer.

Supervision: Edengenet Guday, Alemayehu Teklu, Abebe Muche.
Validation: Mohammed Oumer.

Visualization: Mohammed Oumer, Edengenet Guday, Alemayehu Teklu, Abebe Muche.

Writing - original draft: Mohammed Oumer, Edengenet Guday, Alemayehu Teklu, Abebe
Muche.

Writing - review & editing: Mohammed Oumer, Edengenet Guday, Alemayehu Teklu,
Abebe Muche.

References

1. Paladini D, Vassallo M, Sglavo G, Pastore G, Lapadula C, Nappi C. Normal and abnormal development
of the fetal anterior fontanel: A three-dimensional ultrasound study. Ultrasound Obstet Gynecol. 2008;
32:755-61. https://doi.org/10.1002/u0g.5368 PMID: 18690614

2. Moffett EA, Aldridge K. Size of the Anterior Fontanel: Three dimensional measurement of a key trait in
human evolution. Anat Rec. 2014; 297:234-9.

3. Meskel T. The size of anterior fontanel in neonates and infants in Addis Ababa. 2004:1-48.
4. Kieslerd, Ricer R. The abnormal fontanel. Am Family Physician. 2003; 67(12):2547-52.

Tirpude A, Fulpatil MP, Kole S. Norms for size and closure time of anterior fontanel: Study on babies in
Nagpur region. National J Clin Anat. 2016; 5(2):78-85.

6. Shajari H, Rashidiranjbar N, Ashrafi M. Anterior fontanel size in healthy Iranian neonates on the first day
of life. Acta Med Iran. 2011; 49(8):543—-6. PMID: 22009811

Crelin ES. Functional Anatomy of the Newborn. New Haven, CT: Yale University Press; 1973. 14 p.

8. Esmaeili M, Esmaeili M, Sharbaf FG, Bokharaie S. Fontanel Size from Birth to 24 Months of Age in Ira-
nian Children. Iran J Child Neurol. Autumn 2015; 9(4):15-23.

9. Periyasamy V, Suhani MH, D’souza AS, Prasad PK. Morphometric evaluation of anterior fontanel: A
Fetal cadaveric study. Int J Health Sci. 2014; 4(9):107—-13.

10. Nelson WE. Text Books of Pediatrics. 19th ed. USA: Elsevier-Saunders; 2011.
11.  Aisenson M. Closing of the anterior fontanel. J Pediatr. 1950; 6:223-6.

12. Popich GA, Smith DW. Fontanels: Range of normal size. J Pediatr. 1972; 80(5):749-52. PMID:
5018385

13. Silver W, Kuskin L, Goldenberg L. Bulging anterior fontanel: Signs of congestive heart failure in infants.
J Clin Pediatr. 1970; 9(1): 42-3.

14. Malas M, Sulak O. Measurements of anterior fontanel during the fetal period. J Obstet Gynaecol. 2000;
20(6):601-5. https://doi.org/10.1080/01443610020001431 PMID: 15512674

15. Davies DP, Ansari BM, Cooke TJ. Anterior fontanel size in neonates. Arch Dis Child 1975; 50:81-3.
PMID: 1124948

16. Uzukwu-Edeani CV, Ibeziako SN, Ikefuna AN, Uchendu UO. Normal anterior fontanel sizes in newborn
Igbo babies in south eastern Nigeria. S Afr J CH 2013; 7(2):50-3.

17. Faix RG, Durham NC. Fontanel size in black and white term newborn infants. J Pediatr. 1982; 100
(2):304—6. PMID: 7057341

PLOS ONE | https://doi.org/10.1371/journal.pone.0202454  October 26, 2018 12/13


https://doi.org/10.1002/uog.5368
http://www.ncbi.nlm.nih.gov/pubmed/18690614
http://www.ncbi.nlm.nih.gov/pubmed/22009811
http://www.ncbi.nlm.nih.gov/pubmed/5018385
https://doi.org/10.1080/01443610020001431
http://www.ncbi.nlm.nih.gov/pubmed/15512674
http://www.ncbi.nlm.nih.gov/pubmed/1124948
http://www.ncbi.nlm.nih.gov/pubmed/7057341
https://doi.org/10.1371/journal.pone.0202454

®PLOS | one

Anterior fontanelle size among term neonates

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ogunye O, Ikeji MO, Adeodu O. Craniofacial dimensions in the African neonate. Nigerian J Pediatr.
1982; 9:21-5.

Mathur S, Kumar R, Mathur GP, Singh VK, Gupta V, Tripathi V. Anterior fontanel size. Indian Pediatr.
1994; 31(2):161-4. PMID: 7875839

Chakrabarti K. Anterior fontanel size in hilly and non-hilly new born in and around the district of Darjee-
ling. Indian Pediatr. 1989; 26:41—-4. PMID: 2759693

Mir NA, Weislaw R. Anterior fontanel size in Arab children: Standards for appropriately grown full term
neonates. Ann Trop Pediatr. 1988; 8(3):184—6.

Chang B-F, Hung K-L. Measurements of anterior fontanels in Chinese. Acta Pediatr Sinica. 1990; 31
(5):307-12.

Omotade OO, Kayode CM, Adeyemo AA. Anterior fontanel size in Nigerian children. Ann Trop Pediatr.
1995; 15(1):89-91.

Perera PJ, Wickramasinghe AR, Ranathunga N, Fernanado MP, Warnakulasooriya D. Statistical char-
acteristics of anterior fontanel size at birth of term Sri Lankan new borns: A descriptive cross sectional
study. Ceylon Med J 2013; 58(3):96—100. https://doi.org/10.4038/cmj.v58i3.6102 PMID: 24081168

Srugo |, Berger A. Anterior fontanel size in healthy Israeli newborn infants. Isr J Med Sci. 1987; 23
(11):1137-9. PMID: 3436795

El-Mougi M, Zahran ME, El-Sayed E, El-Akkad N, El-Sayed H, EI-Shafie E, et al. Age of closure and
size of anterior fontanelle and its relation to anthropometric measurements. Al-Azhar Med J. 1988;
17:75-9.

Brandt I, Hodes DT, Reimnitz P. Anterior fontanelle as a window to the brain: Normal values and time of
closure. J Klin Pad. 1986; 198: 330-6.

Duc G, Largo RH. Anterior fontanel: Size and closure in term and preterm infants. J Pediatr. 1986; 78
(5):904-8.

Jackson GL, Hoyer A, Longenecker L, Engle WD. Anterior fontanel size in term and late preterm His-
panic neonates: Description of normative values and an alternative measurement method. Am J Perina-
tol. 2010; 27(4):307—-12. hitps://doi.org/10.1055/s-0029-1241738 PMID: 19823964

Lyall H, Ogston SA, Paterson CR. Anterior fontanel size in Scottish infants. Scott Med J 1991; 36
(1):20-2. https://doi.org/10.1177/003693309103600111 PMID: 2031169

Adeyemo AA, Olowu JA, Omotade OO. Fontanel sizes in term neonates in Ibadan, Nigeria. West Afr J
Med 1991; 18(1):55-9.

Tan KL. Wide sutures and large fontanels in the newborn. Am J Dis Child. 1976; 130(4):386-90. PMID:
1266823

Pedroso FS, Rotta N, Quintal A, Giordani G. Evolution of anterior fontanel size in normal infants in the
first year of life. J Child Neurol. 2008; 23(12):1419-28. https://doi.org/10.1177/0883073808319318
PMID: 19073847

PLOS ONE | https://doi.org/10.1371/journal.pone.0202454  October 26, 2018 13/13


http://www.ncbi.nlm.nih.gov/pubmed/7875839
http://www.ncbi.nlm.nih.gov/pubmed/2759693
https://doi.org/10.4038/cmj.v58i3.6102
http://www.ncbi.nlm.nih.gov/pubmed/24081168
http://www.ncbi.nlm.nih.gov/pubmed/3436795
https://doi.org/10.1055/s-0029-1241738
http://www.ncbi.nlm.nih.gov/pubmed/19823964
https://doi.org/10.1177/003693309103600111
http://www.ncbi.nlm.nih.gov/pubmed/2031169
http://www.ncbi.nlm.nih.gov/pubmed/1266823
https://doi.org/10.1177/0883073808319318
http://www.ncbi.nlm.nih.gov/pubmed/19073847
https://doi.org/10.1371/journal.pone.0202454

