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SUMMARY: Within the current body of literature, the study of cranial growth and development in ancient children populations
has received limited attention. The purpose of this study is to address this research gap by examining 36 childrercaskigits, ex
from the Zaghunluq cemetery in Xinjiang, as the primary research material. By analyzing the differences in the exteraaéagrface
of various parts of the skulls across diverse age groups, the study aims to explore the characteristics and patternsvtf akall g
development among ancient children in Xinjiang. The analysis of variance (ANOVA) revealed significant differences in ¢he surfac
areas of the zygomatic, temporal, frontal, occipital, parietal, and cranial bones among six age groups (2 years olal@-5+years
years old, 8-10 years old, 12-15 years old, and 17-19 years old), while the surface area of the parietal bones shovieahho signif
difference. This study found that the surface area of the zygomatic bone experienced rapid growth during the ages df-88.0 and 1
Likewise, the temporal bones exhibited a remarkable surge in surface area within the age range of 3-5. This early-stagthrapid g
was then followed by a significant expansion of the occipital bone surface area when the children reached ages 6-patistar the
bones, a significant increase in surface area was observed at both ages 3-5 and 8-10. Additionally, the frontal boneashowcased
notable increase in surface area, specifically between the ages of 8-10. This period of growth also coincided with agzénodry ph
skull expansion, suggesting ages 8-10 represented a growth spurt in the surface area of the cranial bones among Zagdnunluq child
Based on the observed variations in growth spurts in the surface area of different skull regions, the findings showgmwitat the
and development of Zaghunlug children's skulls predominantly occurred during the ages of 8-10, potentially indicatingothe onset
their adolescence during this period. Moreover, during the transition from childhood to adolescence, the skull might undergo a
temporary slow growth.

KEY WORDS: Xinjiang; Zaghunlug Cemetery; Ancient children populations; Skull surface area; Skull growth patterns;
Growth spurts.

INTRODUCTION

Childhood represents a critical phase in the growtkxtensive investigations into age, sex, ethnicity, and
and development of the skull, marked by accelerated growthronological variations in craniofacial morphology among
and substantial morphological transformations. Variableildren through the measurement of data from both ancient
such as head width, head length, head circumference, amtl contemporary juvenile skulls. Additionally, some
cephalic index serve as key measurement parameters riggearchers have explored factors that impact the growth and
inferring patterns of growth in children's cranialdevelopment of the skull, including nutritional status, social
development. The scholarly community has conductezhvironment, and local climate.
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Changes in Craniofacial Morphology with Age from birth to 7 years old, and the second stage, spanning
from pubescence until the middle teens. The first stage

Many researchers have sought to understand thamarily reflected rapid head growth, while the period from
dynamics of children's skull growth and development by years old to pubescence represented a relative plateau in
measuring and analyzing skull data from various age grougsowth. Subsequently, during pubescence, accelerated
This body of research has uncovered characteristics grbwth in head circumference and head length was observed,
changes in children's craniofacial morphology that evolveontinuing until the age of 15 or 16. Afterwards, all measured
with age. For instance, the study of Margial (2018), traits exhibited minimal growth, increasing by no more than
underscored the importance of measuring the maximum hela@ % of the measurements taken during the maturity phase
circumference, a standard procedure that offers insights irfes cited in Dokladal, 1959).
cranial and brain development in children.

Echoing this approach, Farkat al. (1992),

As an example, Lét al (2008), conducted a 3-year conducted a study on 1,537 Caucasian individuals in North
follow-up study measuring the head circumference of 75%8merica, ranging in age from 1 to 18 years. They measured
infants born in Shanghai, China. The findings demonstratedsariety of head dimensions, including head width, forehead
a progressive increase in head circumference as the infantdth, head height, head length, and head circumference.
aged, following a slower rate of growth as they grew oldeFhe findings illustrated that between 0 and 1 year of age,
By the age of one, the head circumference was approximatbith head circumference and head length displayed rapid
1.3 times larger than at birth. growth, reaching 87.5 % and 87.1 % of their mature size

within the first year, respectively. Between the ages of 1 and

Further supporting this trajectory, Martiet al. 4, the early rapid growth period occurred for both head height
(2018), used 3D surface scans to measure the craraal head length. From 1 to 6 years, forehead width showed
parameters of 44 Caucasian children aged 4-12 months @®hase of rapid growth, while head width and head
boys and 15 girls). The findings showed that the averagecumference exhibited consistent and moderate growth
cranial volume of all children increased from 1#406 during this period. Head length reached its mature size at
mL at 4 months to 1578 79 mL at 12 months. Similarly, age 10 (182.7 mm) in females, and at age 14 (189.2 mm) in
the maximum cranial circumference increased from #3.4males. The study also revealed that most head measurements
9 cm to 46.9 7 cm, and the cranial length increased frorm males reached maturity by the age of 15.
23.6£ 13 cmto 25.3 13 cm.

Additionally, Waitzmaret al (1992), utilized CT scan

Moreover, Chen (1990), conducted a 6-yeadata to conduct 15 craniofacial measurements on a cohort
longitudinal study on head circumference measurementsaif542 children aged 1-17, examining the growth patterns
126 newborns in Malaysia, comprising 65 boys and 61 girlsf the craniofacial complex. The findings revealed that the
The findings showed that the growth rate of headverall size of the cranio-orbito-zygomatic bones reached
circumference was highest during the initial months adver 85 % of adult size by the age of 5. The cranial vault
infancy, subsequently experiencing a gradual deceleratierperienced rapid growth during the first year after birth,
as the subjects grew older. By the age of 5, the rate of hdaliowed by a decline in growth rate that was nearly complete
circumference growth showed minimal changes. by the age of 6. In contrast, the upper midface exhibited

slower growth during infancy but continued to grow during

In a related study, Hoet al. (2014), conducted a 6- childhood and early puberty.
year longitudinal study, measuring head dimensions
including head circumference, cranial length, and cranial Further expanding this body of knowledge, Rdn
width, in a cohort of 112 children born at the First Affiliatedal. (2017), categorized a cohort of 20,000 Chinese children,
Hospital of Baotou Medical College in China. The studpaged between 4 and 17, into five age groups and conducted
suggested a distinctive pattern of cranial growth, with then analysis of seven cranial indices, including measurements
most rapid growth observed during the first year of lifepf head length, head width, head height, head circumference,
followed by the next fastest periods of growth in the secoridcial length, sagittal arc, and bitragion arc. The study showed
and third years respectively. Cranial growth notablg consistent increase in the mean values of all craniofacial
decelerated by the age of 6, at which point the cranial grondimensions with age, with higher growth rates observed in
indices began to approximate those of adults. the 4-6 and 7-10 age groups. The study further reported that

the craniofacial dimensions of boys in the 16-17 age group,

Particularly, Merkel (1882), proposed a dual-stagalong with those of girls in the 13-15 age group, were
model of rapid human head development: the initial stagepproaching maturity.
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Meanwhile, Pavlicaet al. (2018), conducted a Expanding the scope of research, Zatial (2008),
comprehensive investigation into the long-term trends efalculated head circumference and relative head
craniofacial dimensions among the adult population icircumference (relative head circumference = {head
Vojvodina. Two surveys were carried out in 1975 and 200tircumference (cm)/height or length (cn¥)100) in a sample
2006, involving measurements of craniofacial parameteo$ 27,826 Egyptian children (14,048 boys and 13,778 girls)
such as head length, head width, morphological facial heightjed 0-18. The results revealed a gradual increase in head
and facial width. The sample comprised 2600 individuals icircumference with age for both boys and girls, with the
the first survey (1300 males aged 20-60 and 1300 femala®< rapid growth observed during the first two years of life.
aged 20-55) and 4504 individuals in the second survey (196®reover, boys exhibited significantly higher average head
males with a mean age of 40.1011.84 years and 2539 circumference values compared to girls (P < 0.001). &aki
females with a mean age of 41420.75 years). The study al., also observed sexual dimorphisms in relative head
revealed significant changes over the 33-year periodircumference. This pattern was not significant during infancy,
including a notable increase in head length among malesyet from the second year after birth, boys started to display
decrease in head width and facial width among both malgignificantly higher values than girls (P < 0.05), a trend that
and females, and a significant increase in facial height. Thegsersisted until the age of 12, excluding at the age of 10. From
findings indicate an evident trend in craniofacial reshapirntfje age of 14 onwards, girls began to register significantly
among the adult population in Vojvodina, characterized Hyigher values than boys (P < 0.001), which could be attributed
narrower heads and longer faces, consistent with the ongotoggirls' earlier maturation, thus shedding light on the
prevalence of dolichocephaly. developmental trajectories of sexual dimorphisms.

Based on the extensive body of research, it is evident In another scholarly work, Hautvast (1971), collected
that craniofacial measurements undergo significant changaaniofacial measurement data, including head length, head
throughout different stages of growth and development. Width, head circumference, morphologic face height, and
addition, these studies highlight the distinct patterns dfizygomatic breadth, from elementary school students in
craniofacial changes observed with increasing age, providit§61 (360 boys, 359 girls), 1963 (129 boys, 102 girls), and
valuable insights into the variations in craniofacial growtli964 (117 boys, 97 girls). The results showed that boys had
among children. Overall, the findings contribute to a betteignificantly higher average values for head length, head
understanding of the intricate dynamics involved inwidth, head circumference, and bizygomatic breadth at each
craniofacial development, emphasizing the importance afje group compared to girls. Boys also had significantly
considering age-related factors when assessing ahigher morphologic face height than girls in the 7-11 age

interpreting craniofacial measurements. group, but the sexual dimorphism in morphologic face height
decreased at the age of 12 and 13 due to the earlier onset of
Sexual Dimorphisms in Craniofacial Morphology puberty in girls.
A significant body of research involves the When viewed as a whole, these studies provide

measurement and comparison of craniofacial data frooompelling evidence for both shared trends and differences
children of different sexes, with the aim of assessing sexual cranial development between boys and girls. This
dimorphisms in cranial growth and development. Fanighlights the significance of considering sexual
instance, Westoat al (2007), proposed that human skullsdimorphisms in future research on cranial growth and
exhibit sexual dimorphism. development.

Furthering this line of inquiry, Danbormebal (2008), Ethnic and Racial Variations in Craniofacial Morphology
conducted measurements of head dimensions, including head
length, head width, and head circumference, and calculated  The issue of potential ethnic variations in craniofacial
the cephalic indices among 377 Nigerian children aged 5tworphology among children has been a topic of differing
15 years (173 boys and 204 girls). The findings revealeitwpoints. For instance, Nellhaus (1968), reported that there
that head length and cephalic indices increased with age ¥asts no significant difference in the head circumference
both boys and girls. However, significant differences wer@mong children aged 0-18 across different countries or races.
observed between boys and girls in terms of head lengthellhaus also proposed a growth curve for head
head circumference, and cephalic indices. The disparitiesdimcumference applicable to all races (Nellhaus,1968).
head length and cephalic indices were statistically significatdpwever, contrasting perspectives have emerged from
with boys exhibiting greater average head length while girteumerous studies, suggesting substantial differences in head
demonstrated greater average cephalic indices. circumference among children from diverse ethnic groups.
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To investigate the potential differences in headnd 50 females). These images were used to compare the
circumference between Japanese and Caucasian child@n facial features of the two groups. The findings indicated
Tsuzakiet al (1990), measured the head circumferencdbat Zimbabwean males exhibited prominent cheekbones,
of 42,392 Japanese children aged 0-4 (22,017 boys dncehead, lateral supraorbital, and infraorbital regions, as
20,375 girls) and compared them to the data from childrevell as a wider supraorbital area compared to American
in the United States and the United Kingdom. The resultsales. Meanwhile, compared to American females,
indicated significant ethnic differences in hea&imbabwean females demonstrated less pronounced
circumference between Japanese and Caucasian childdmeekbones but had a more prominent middle forehead area,
The researchers also suggested that the smaller hatak nasi base, and lateral zygomatic region.
circumference observed in Japanese children was likely a
reflection of the smaller stature characteristic of thEactors Influencing Variations in Craniofacial
Japanese population. Morphology

In a separate study, Ayatollakt al. (2006), A wealth of research has indicated that the variations
measured the head circumference of 2,228 Iranian schaol-cranial growth and development are the results of
aged children (6.5-11.5 years old, 1,160 boys, and 1,068iltiple factors, such as nutritional status, social
girls). They compared their results with those of their peeesivironment, and local temperature. In a study conducted
in Turkey, Ireland, Japan, and the United States. Tlhy Ivanovicet al (2000), they proposed that the head
findings revealed that the average head circumferenceacdfcumference could serve as a key indicator for
Iranian children was generally lower than that of their samanderstanding both nutritional status and brain
aged counterparts in the Far East, Europe, and the Americks/elopment. This research was conducted within Chile's

Metropolitan Region, where a representative sample of

Ethnic variations in craniofacial morphology extend},509 students, aged 5 to 22, was selected. The selection
beyond childhood and also manifest in adult populationeriteria included factors such as grade, gender, school type,
In a study conducted by Badt al (2010), the 3D head and geographic area. In this study, anthropometric
shape data of more than 2,000 Chinese individuals agedm8asurements, including body weight (W), height (H), and
to 70 and 4,000 Caucasians aged 18 to 65 were compateshd circumference (HC), were collected. The findings
Their analysis revealed that Chinese individuals tendedsaggested a significant positive correlation between the
have rounder heads than their Caucasian counterparts, viigtad circumference of the students and their respective
a flatter back and forehead, as observed from the standsodioeconomic status.
reference plane (the horizontal plane passing through the
point above the eyebrows and parallel to the Frankfurt In another study, Ounsted al (1985), conducted
Plane). longitudinal measurements of head circumference from

birth until seven years old on 270 British children born

Similarly, Ranet al. (2016), conducted a between 1970 and 1977. These were then compared with
comparative analysis of adult craniofacial dimensionsorresponding data for children born in the same region
across multiple countries. The study included individualduring the early years of the 20th century. The findings
from Japan (2,880 males, 2,450 females; aged 20-6b)dicated that children born in the 1970s had significantly
Kenya (133 males, 74 females; aged 18-60), South Koreager head circumferences than those born at the beginning
(2,613 males, 2,614 females; aged 18-60), the Netherlardghe 20th century.

(560 males, 680 females; aged 18-65), the United States
(1,120 males, 1,260 females; aged 18-65), and China In a different investigation, Friest al (2002),
(11,164 males, 11,150 females; aged 18-60). The resultized 3D laser surface scanning technology to analyze
indicated significant differences (p < 0.05) in mostraniofacial dimensions in 66 modern human skull
craniofacial data among these six countries, with Asiapecimens from 11 different geographic regions (including
individuals typically having rounder heads, and flatter baclteree adult males and females per region). They measured
of heads and foreheads, compared to those of individutthe surface area of the neurocranium and zygomatic region
from Africa, the United States, and Europe. and compared their findings with those of Late Pleistocene
Neanderthals and Middle Pleistocene warm-climate fossils.

In a more recent study, Bhaslkarl 2020), utilized The results suggested that residents in colder regions had a
3D modeling software (Rapidform 6) to construct 3D faciadmaller cranial surface area-to-volume ratio than those in
images of individuals from Zimbabwe (n = 201, 107 maletsopical regions, suggesting the potential influence of
and 94 females) and the United States (n = 100, 50 madés/ironmental factors on cranial surface area.
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Moreover, Paret al (2014), conducted a study onand other such metrics. Research pertaining to the skulls
295 modern human skulls excavated from 18 archaeologicdl ancient children has been particularly sparse,
sites in Asia, Africa, Europe, the Americas, and Oceanipredominantly due to the limited availability of specimens.
Using 3D laser scanning technology, they measured thR@wever, in recent years, the application of innovative
surface area of the neurocranium and the zygomatic pthnologies such as CT and 3D scanning in the study of
of the face. The study examined the patterns of variationtimman physical characteristics has enabled the acquisition
craniofacial size among populations at different latitudeend study of more extensive 3D images of the skull. This
and their correlation with average annual temperature. Thaper explored the application of these new technologies
findings demonstrated that human craniofacial morpholodg study human cranial characteristics and the growth
exhibits adaptability, with latitude-related variations irpatterns and traits of ancient children's skulls. In this
craniofacial surface area observed globally and a closssearch, we analyzed 36 children's skulls excavated from
association with local temperature. Specifically, there wake Zaghunlug cemetery in Xinjiang. Through the use of
a positive correlation between the surface area of tiE scanning and 3D skull reconstruction, we extracted data
neurocranium and latitude and a negative correlation withn the external surface area from various parts of the skull,
temperature. The surface area of the zygomatic region andluding the zygomatic, temporal, occipital, parietal,
the cephalic index (calculated as the ratio of the zygomafiontal, and cranial regions. These data facilitated
area to the neurocranium area) were both negativedgmparisons across different age groups, thereby shedding
correlated with temperature but showed no significatight on the growth patterns and characteristics of these
correlation with latitude. As latitude increased, there wasacient child skulls.
significant increase in the neurocranial surface area.
Meanwhile, an increase in the average annual temperatMATERIAL AND METHOD
was associated with a significant decrease in the surface
areas of both, the neurocranium and zygomatic region, Research Materials
well as the cephalic index.
The Zaghunlug ancient tomb complex, one of the
Throughout the years, traditional approaches targest burial sites discovered at the northern foothills of
studying variations in human cranial morphology havthe Kunlun Mountains, is located in Zaghunluq village,
primarily been dependent on visual observations and lineBwghraklek township, Qiemo county, within the Xinjiang
measurements, encompassing a range of data, such as skydjur Autonomous Region, China (Fig. 1). The Zaghunluq
length, width, height, circumference, arc length, chorgite encompasses tombs from three distinct archaeological
length, and angles. Due to limitations in researcperiods. This study focuses on materials from the second
methodologies and technological capabilities, few scholagsiltural phase, which dates from the Spring and Autumn
have measured and investigated the three-dimensional (3i2yiod to the Western Han Dynasty, corresponding to the
data of human skulls, such as the curvature surface afgi@mo cultural period, extending from the 8th century BC
84°E 88°E to the mid-3rd century AD
(Xinjiang Museum Cultural Relics
A Team, 1998). From this second
cultural phase, 138 tombs were
G excavated, uncovering a variety of
burial practices. These practices
include single burials for both
adults and children, joint burials
for adults and children, joint
burials for adults with children,
. and disarticulated burials for
fiotan Prafecturd o 5 children. The excavations have
37°30N s7soN  yielded approximately 530 sets of
' human remains (Wangt al.,
2016). For this study, we selected
: 36 child cranial specimens, aged
m between 2 and 19 years, while
B4°E ' a5°E excluding incomplete child cranial
Fig. 1. Geographical location map of Zaghunlug cemetery. samples.

40°N 2 :
Bayinguoleng Mongolian
Autonomous Prefecture

A
Zaghunlugq cemetery
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Research Methodology was defined as its surface area. Measurements were primarily
taken from the right zygomatic bone. However, in instances
1. CT Scanning and 3D ReconstructionThe study where the right zygomatic bone was damaged, the left was
employed the Prospeed Dual-Slice Spiral CT Scanner framed as a substitute. The total zygomatic bone area is twice
the American company GE for the scanning procedure. Theat of a single side.
scanning parameters were set to a voltage of 120 kV, a current
of 150 mA, a slice thickness of 2 mm, and a pitch of 1.5 The method for measuring the surface area of the
mm. All CT images of the children's cranial specimens wetemporal bone (Fig. 2B) involved delineating its boundaries
consistently acquired by a single radiologist at thasing the zygomaticotemporal suture, frontotemporal suture,
Department of Radiology, Second People's Hospital sphenotemporal suture, and occipitotemporal suture in
Urumagi, Xinjiang, using the same CT machine. The obtainemnjunction with the outer edge between these sutures.
CT images were saved in the format of two-dimension&lithin these boundaries, the external surface area of the
(2D) Digital Imaging and Communications in Medicinetemporal bone was defined as its surface area. Measurements
(DICOM) files. Subsequently, the visualization andwvere primarily taken from the right temporal bone. However,
processing software Materialise Mimics, version 13.0, was instances where the right temporal bone was damaged,
employed to perform a 3D reconstruction of the skulls. the left was used as a substitute. The total temporal bone
area is twice that of a single side.
2. Age Grouping and Craniometry. Referring to The
Anthropometric Manual (Shao, 1985) and The Human Bones For the measurement of the occipital bone surface
Manual (Whiteet al., 2018), age determination of thearea (Fig. 2C), the occipital bone was categorized into four
children's skulls was conducted based on factors such as the
closure status of the anterior fontanelle, the eruption stat
of deciduous and permanent teeth, and the degree of to
wear. To facilitate comparison, the 36 skull samples we
divided into six age groups based on the age estimati
results: a 2-year-old group (2 cases), a 3-5-year-old gro
(7 cases), a 6-7-year-old group (6 cases), an 8-10-year-
group (11 cases), a 12-15-year-old group (8 cases), an
17-19-year-old group (2 cases).

Craniometry involves measuring surface areas ¢
different skull regions. To begin, the CT data for each child
skull was imported into the 3D image processing softwar
Materialise Mimics. Thereafter, thresholding was applie
to set CT values and create mask1 in green. Next, the “Reg
Growing” tool was utilized to remove redundant data an
obtain mask 2 in yellow. Subsequently, using the "Calcula
3D from Mask" option within the Segmentation menu, th
2D image of mask 2 (Yellow 1) was reconstructed to obta
a 3D volumetric model. Finally, the obtained model wa
transferred to the complementary software, Materialise
matic, affiliated with Materialise Mimics. Measurements
were then taken for the surface areas of the zygomatic bo
temporal bone, occipital bone, parietal bone, frontal bon
and the cranial bone. The methods for measuring ea
assessed parameter are detailed below.

The method for measuring the surface area of tt
zygomatic bone (Fig. 2A) involved delineating its boundarie
using the zygomaticomaxillary suture, zygomaticofronte
suture, and zygomaticotemporal suture in conjunction wi
the outer edge between these sutures. Within the
boundaries, the external surface area of the zygomatic batig 2. Measurement of skull surface area.
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parts: the squamous part at the posterior, the basilar parR&ESULTS
the anterior, and the lateral parts on each side. The surface
area of the occipital bone is the sum of the areas of these = The surface area measurements of various skull
four parts. regions from a sample of 36 ancient children are outlined in
Table I, while Table Il provides a detailed comparison of
The method for measuring the surface area of tlikeese areas across different age groups.
parietal bone (Figs. 2D & 2E) involved defining its
boundaries using the squamosal suture, coronal suture, An€Comparison of Zygomatic Bone Surface Area Across
lambdoid suture in conjunction with the outer edge betwedifferent Ages
these sutures. Within these boundaries, the external surface
area of the parietal bone was defined as its surface area. In  Using the data presented in Table I, the average surface
this study, the areas of both the left and right parietal bona®as of the zygomatic bone were determined for six age groups
were fully measured. When the anterior fontanelle ifftom the Zaghunlug cemetery: 2 years old (2 cases), 3-5 years
children had not completely closed, the fontanelle area walsl (7 cases), 6-7 years old (6 cases), 8-10 years old (11 cases),
not included in the calculation of the parietal bone area. 12-15 years old (8 cases), and 17-19 years old (2 cases). The
corresponding measurements are 1289.08 t¥51.91 mri)
For the measurement of the frontal bone's surfad®77.37 mry 1977.64 mrf) 2314.18 mrf) and 2577.89 mn
area (Fig. 2F), the frontal bone was categorized into threzspectively, as detailed in Table Il. The surface area of the
parts. The frontal squama corresponds to the foreheagyomatic bone in children showed a gradual increase with
region. Additionally, the orbital part constitutes the roof ofge, as illustrated in Figure 3A. Based on the ANOVA,
the orbit, delineated from the frontal squama by the uppegignificant differences in zygomatic bone surface area among
orbital margin. Lastly, the nasal part, positioned betweehe different age groups of children were observed (P = 0.000).
the orbital sections on both sides, resembles a horsesh&® multiple comparisons revealed no significant difference
shape. between the 3-5-year-old group and the 6-7-year-old group (P
= 0.148). However, significant differences were observed
In the methodology for measuring the surface ardsetween the 6-7-year-old group and the 8-10-year-old group
of the cranial bone (Fig. 2G)his study considered the (P = 0.040), as well as between the 8-10-year-old group and
portions of the frontal, parietal, and occipital bones abowbe 12-15-year-old group (P = 0.009). Calculations revealed
the orbital region to represent the cranial bone's surface amedes of change in zygomatic bone surface area as follows:
Specifically, the boundary was determined by the plari.63 % between the 2-year-old and 3-5-year-old groups, 15.53
formed by the point above the midpoint of the eyebrows% between the 3-5-year-old and 6-7-year-old groups, 17.90
(on) and the upper margin points of the external auditofg between the 6-7-year-old and 8-10-year-old groups, 17.02
meatus on both sides (po). Measurements were taken of thbetween the 8-10-year-old and 12-15-year-old groups, and
cranial external surface area above this plane. Thi§.40 % between the 12-15-year-old and 17-19-year-old
measurement approach retained as much of the cranial vauttups, as detailed in Table II.
as possible while excluding the influences of the orbital and
nasal regions. With only three defined points, the procedu2e Comparison of Temporal Bone Surface Area Across
simplified the measurement process, minimizing potenti@llifferent Ages
errors from manual operations.
Using the data presented in Table I, the average
3. Statistical Methods.The SPSS 13.0 software was utilizedsurface areas of the temporal bone were determined for six
to perform ANOVA and multiple comparisons on the surfacage groups from the Zaghunluq cemetery: 2 years old (2
area measurements of different skull regions across aggses), 3-5 years old (7 cases), 6-7 years old (6 cases), 8-
groups. For these comparisons, we employed the led$tyears old (11 cases), 12-15 years old (8 cases), and 17-
significant difference (LSD) method and excluded groupkd years old (2 cases). The corresponding measurements
with only two samples, namely the 2-year-old and the 1are 4109.78 mi 4906.09 mr 5705.76 mrh) 6275.28
19-year-old groups. The threshold for statistical significanadam?, 6782.92 mry and 7187.84 min respectively, as
was set at p < 0.05. The rate of change between age grodetiled in Table 2. The surface area of the temporal bone

was calculated using the following formula: in children showed a gradual increase with age, as illustrated
in Figure 3B. Based on the ANOVA, significant differences
Rate of change between ages (%) = 100¢X2 - in temporal bone surface area among the different age

X1) / X1, where X1 and X2 represent the mean values gfoups of children were observed (P = 0.000). The LSD
corresponding measurements in two distinct age groupsmultiple comparisons demonstrated that there was no
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Table I. Surface areas of various skull regions in ancient Zaghunluq children.

Zygomatic Temporal Occipital Parietal Frontal Cranial

Specimen Number Age Age surface area  surface surface surface surface surface
(Years) Group (mmz) area (mmz) area (mmz) area (mmz) area (mmz) area (mmz)

98QZIM109D 2 2 1346.46 3636.26 27410.94 11726.26
ifiizic:;‘en number is 22 2 1231.7 45833 11537.56 24239 10887.19 47634.75
96XQLM?2:_D-scratch 3-4 35 1334.14 5091.42 25402.32 12122.06 47338.08
MB89A 3-4 3-5 1287.12 4361.28 28763.04 1244425
fn ?f:;ig‘en number is 3-4 3-5 1649.72 5903.64
M102_C 34 3-5 1294.54 4515.74 29383.3 12512.68
5 specimen number is 4-5 3-5 1815.34 5933.42 12005.39 11176.64 50921.18
missing
MI11 4 4.5 35 1419.92 4098.78 25959.73 11442.87
M159F 45 3.5 1362.58 4438.34 11041.02 25589.37 12396.73 49038.33
98QZIM147H 6-7 6-7 1916.92 5560.2 12822.13 28373.49 14017.27 53933.65
196QZIM44W 6-7 6-7 1472.28 28529.97 11203.97 50928.85
96QZIMA4Q 6-7 6-7 6706.64 13760.09 26445.88 12047.03
MI47A 6-7 6-7 1679.12 4801.44 12144.37 29256.92 12870.78 51219.52
MI47E 6-7 6-7 1444.04 5114.94 12857 24620.49 11497.1 45689.28
98QZIM111B 6-7 6-7 1874.48 6345.56 13276.39 25535.07 11685.86 49551.95
MI1B 8-10 8-10 1827.96 5563.04 13805.16
;ff:if;nen number is 8-10 8-10 2026.28 6278.86 14415.46 30236.92 13111.06 56073.86
96QZIM12-B 8-10 8-10 2046.88 6826.98 13317.25 27267.85 52091.9
98QZIM154Y 8-10 8-10 1948.32 5668.02 11214.1 26089.1 12384.82 47666.12
98QZIM154U 8-10 8-10 1819.04 6047.62 13989.32 29382.67 56883.56
4 specimen number is 8-10 8-10 2010.1 5835.12 28794.49 14020.09 52715.56
missing
98QZIM147M 8-10 8-10 1986.4 6456.2 15139.99 28706.42 13672.26 54153.68
98QZIM118B 8-10 8-10 1922.28 5814.28 14597.48 30543.84 14941.67 56135.02
M154C 8-10 8-10 2039.82 6164.76 14660.55 26319.5 12664.3 51362.32
96QZIM44H 8-10 8-10 2223.14 8257.78 13733.82 30599.01 15578.15 58624.54
96QZIM44Y 8-10 8-10 1903.8 6115.42 13778.07 25997.17 13490.57 50557.17
98QZIM160A 12-15 12-15 2087.3 5291.1 28207.79 13257.35 53031.74
98QZIM24C 12-15 12-15 1819.86 7088.44 13613.11 28569.14 13455.33 54258.04
98QZIM154M 12-15 12-15 2462.58 6202.46 14492.73 26862.29 14987.14 55728.62
98QZIM155 12-15 12-15 2718.16 6766.06 12983.36 2844441 15605.78 54860.71
96QZIMAF 12-15 12-15 2472.88 8296.76 15014.1 27459.3 11743.27 50492.46
98QZIM119_C 12-15 12-15 1912.22 6847.52 13935.55 34366.89 15542.52 61118.62
96QZIMI14E 12-15 12-15 2028.86 6755.54 13342.65 28297.44 14715.35 5344728
98QZIM147-0 15 12-15 3011.58 7015.44 14041.31 31058.72 1484334 59093.23
96QZIM44L 17-19 17-19 2771.32 7187.84 15336 32300.31 16522.12 61148.16
98QZIM123B 17-19 17-19 2384.46 28457.31 12478.17 53870.98
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significant difference betwedahe 3-5-year-old group and occipital bone surface area as follows: -0.12% between the
the 6-7-year-old group (P = 0.093), the 6-7-year-old groyear-old and 3-5-year-old groups, 12.57 % between the
and the 8-10-year-old group (P = 0.190), and the 8-10-ye&r5-year-old and 6-7-year-old groups, 6.94 % between the
old group and the 12-15-year-old group (P = 0.176k-7-year-old and 8-10-year-old groups, 0.33 % between the
Calculations revealed rates of change in temporal boBel0-year-old and 12-15-year-old groups, and 10.19%
surface area as follows: 19.38 % between the 2-year-didtween the 12-15-year-old and 17-19-year-old groups, as
and 3-5-year-old groups, 16.30 % between the 3-5-yealetailed in Table .
old and 6-7-year-old groups, 9.98 % between the 6-7-year-
old and 8-10-year-old groups, 8.09 % between the 8-10- Comparison of Parietal Bone Surface Area Across
year-old and 12-15-year-old groups, and 5.97 % betweBifferent Ages
12-15-year-old and 17-19-year-old groups, as detailed in
Table 1. Using the data presented in Table I, the average
surface areas of the parietal bone were determined for six
3. Comparison of Occipital Bone Surface Area Across age groups from the Zaghunlug cemetery: 2 years old (2
Different Ages cases), 3-5 years old (7 cases), 6-7 years old (6 cases), 8-
10 years old (11 cases), 12-15 years old (8 cases), and 17-
Using the data presented in Table I, the averad® years old (2 cases). The corresponding measurements
surface areas of the occipital bone were determined for sike 25824.97 mfp 27019.55 mrh) 27126.97 mrh
age groups from the Zaghunlug cemetery: 2 years old Z8393.70 mriy 29158.25 mry and 30378.81 mfn
cases), 3-5 years old (7 cases), 6-7 years old (6 casesye8pectively, as detailed in Table Il. The surface area of the
10 years old (11 cases), 12-15 years old (8 cases), and darietal bone in children showed a gradual increase with
19 years old (2 cases). The corresponding measuremeays, as illustrated in Figure 3D. Based on the ANOVA, there
are 11537.56 m 11523.21 mrh 12972.00 mry  were no significant differences in parietal bone surface area
13871.78 mry 13917.54 mri2, and 15336.00 mf among the different age groups of children (P = 0.190).
respectively, as detailed in Table Il. As indicated by Figurhe LSD multiple comparisons demonstrated that there was
3C, the surface area of the occipital bone exhibited subtie significant difference between the 3-5-year-old group
variations in the early stages, followed by a steady increamed the 6-7-year-old group (P = 0.931), the 6-7-year-old
with age in the later stages. Based on the ANOVAgroup and the 8-10-year-old group (P = 0.240), and the 8-
significant differences in occipital bone surface area amoii§-year-old group and the 12-15-year-old group (P = 0.437).
the different age groups of children were observed (PGalculations revealed rates of change in parietal bone
0.011). The LSD multiple comparisons demonstrated thatirface area as follows: 4.63% between the 2-year-old and
there was no significant difference between the 3-5-ye&@-5-year-old groups, 0.40 % between the 3-5-year-old and
old group and the 6-7-year-old group (P = 0.068), the 6-8-7-year-old groups, 4.67 % between the 6-7-year-old and
year-old group and the 8-10-year-old group (P = 0.087®;10-year-old groups, 2.69 % between the 8-10-year-old
and the 8-10-year-old group and the 12-15-year-old groapd 12-15-year-old groups, and 4.19% between 12-15-year-
(P = 0.920). Calculations revealed rates of change atd and 17-19-year-old groups, as detailed in Table II.

Table 1. Age comparison of the surface area of different parts of the skull of ancient children in Zaghulug.

2 Years 3-5 Years 6-7 Years 8-10 Years das1s 71 ANG LSD Rate of Change (%)
Years Years VA
Measure 3-5 67 8-10 2 35 67 8-10 1215
ment N Mean N Mean N Mean N Mean N Mean N Mean P VS. Vs, vs. VS. VS. vs. vs. vs.
6-7 810 1215 3-5 6-7 8-10 1215 1719

ZYEfUmatiC 2 1289.1 7 1451.9 5 16774 11 19776 8 23142 2 25779 0.000 0:1 0.0 0.009 12. 15, 17 17.02 11.40
ace : : : : : : : 48 40 63 53 90 . .
Temporal 00 0.1 19. 16

surface 2 41098 7  4906.1 5 57058 11 62753 8 67829 1 7187.8 0.001 9'3 9.0 0.176 38' 30' 9.98 8.09 597
area

Parietal 09 02 0.4
surface 2 258250 5 27019.6 6 27127.0 10 28393.7 8 291583 2 30378.8 0.190 3'1 4'0 0.437 4.63 0 467 269 4.19
area

Erontal 07 001 17 12
surface 2 113067 6 120159 6 122203 9 137409 8 14268.8 2 14500.2 0.001 4'1 2 0.315 6.27 0 44' 3.84 1.62
area

Occipital 00 00 0 12
surface 1 115376 2 115232 5 129720 9 138718 7 139175 1 15336.0 0.011 6.8 8.7 0.920 12‘ 57‘ 6.94 0.33 10.19
area

Cranial 06 00 23
surface 1 476347 3 49099.2 5 50264.7 10 53626.4 8 55253.8 2 57509.6 0.018 2'3 6.8 0.295 3.07 7 6.69 3.03 4.08

area
Note: * denotes p <0.05. In the above measurements, surface area i3 in mm
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old group (P = 0.741), nor between
the 8-10-year-old group and the 12-
15-year-old group (P = 0.315).
However, a significant difference was
found between the 6-7-year-old group
and the 8-10-year-old group (P =
0.012). Calculations revealed rates of
change in frontal bone surface area as
12507 s follows: 6.27 % between the 2-year-

J ! old and 3-5-year-old groups, 1.70 %

2 35 67 810 12415 17419 2 35 67 840 12415 1749
Age Group (Years) Age Group (Years) between the 3-5-year-old and 6-7-

>
vy,

8000
2500

3

g 3 8 %
§ 3§ 3

Mean of temporal bone
surface area (mm?)
g &
i 3

Mean of zygomatic bone
surface area (mm?)

@)

preen 3 L1000 year-old groups, 12.44 % between the
@ g 6-7-year-old and 8-10-year-old
S 15000 § 0% groups, 3.84 % between the 8-10-
sE | ST 200007 year-old and 12-15-year-old groups,
g8 1o 3£ 20001 and 1.62 % between 12-15-year-old
2 @ 13000 28 and 17-19-year-old groups, as detailed
et &% #1000 in Table II.
E 7 120007 g i
11000~ § 25000 6. Comparison of Cranial Bone
2 35 67 840 1215 1719 Y A& &7 'S0 158 4749 Surface Area Across Different Ages
E Age Group (Years) F Age Group (Years) ) .
@ 150007 @ Using the data presented in
o 9 57500
g g Table I, the average surface areas of
E._ Jdvii- E,_ 55000 tr_\e cranial bone were determined for
E':E E':E six age groups from the Zaghunluqg
3 E L0004 5 E 525001 cemetery: 2 years old (2 case), 3-5
£9 §§ years old (7 cases), 6-7 years old (6
S 120001 s 500007 cases), 8-10 years old (11 cases), 12-
= € 47500 15years old (8 cases), and 17-19 years
- - 2 old (2 cases). The corresponding
2 35 67 810 1245 17-19 zl' 3!.5 sly 3.'10 12!15 17[19 measurements are 47634.75 fnm
Age Group (Years) Age Group (Years) 49099.20 mm, 50264.65 mrmh
Fig. 3. Age-related changes in skull surface area. 53626.37 mrf 55253.84 mrj and

57509.57 mrfi, respectively, as
5. Comparison of Frontal Bone Surface Area Across detailed in Table Il. The surface area of the cranial bone in
Different Ages children showed a gradual increase with age, as illustrated
in Figure 3F. Based on the ANOVA, significant differences

Using the data presented in Table I, the averagcranial bone surface area among the different age groups
surface areas of the frontal bone were determined for gikchildren were observed (P = 0.018). The LSD multiple
age groups from the Zaghunlug cemetery: 2 years old ¢@mparisons indicated that there was no significant
cases), 3-5 years old (7 cases), 6-7 years old (6 cases), &lfilerence between the 3-5-year-old group and the 6-7-year-
years old (11 cases), 12-15 years old (8 cases), and 17eidgroup (P = 0.623), nor between the 8-10-year-old group
years old (2 cases). The corresponding measurements amd the 12-15-year-old group (P = 0.295). However, there
11306.72 mr 12015.87 mrh 12220.34 mh 13740.90 was a near-significant difference between the 6-7-year-old
mn?, 14268.76 mrh and 14500.15 minrespectively, as group and the 8-10-year-old group (P = 0.068). Calculations
detailed in Table Il. The surface area of the frontal bone irvealed rates of change in cranial bone surface area as
children showed a gradual increase with age, as illustratefows: 3.07 % between the 2-year-old and 3-5-year-old
in Figure 3E. Based on the ANOVA, significant differencegroups, 2.37 % between the 3-5-year-old and 6-7-year-old
in frontal bone surface area among the different age grougroups, 6.69 % between the 6-7-year-old and 8-10-year-old
of children were observed (P = 0.001). The LSD multiplgroups, 3.03 % between the 8-10-year-old and 12-15-year-
comparisons demonstrated that there was no significawltl groups, and 4.08 % between 12-15-year-old and 17-19-
difference between the 3-5-year-old group and the 6-7-yegear-old groups, as detailed in Table II.
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DISCUSSION Age-Related Changes and Population Comparisons of
Cranial bone Surface Area
Age-Related Changes and Population Comparisons of
Zygomatic Bone Surface Area Among the ancient children excavated from the
Zaghunlug cemetery, individual variations in cranial bone
Based on calculations, the zygomatic bone surfaseirface area ranged from 45,689.28%tm61,148.16 mfh
area of 3-5-year-old children from the Zaghunlug cemeteiyotably, this surface area displayed a gradual increase with
constituted 62.74 % of that observed in the sub-adult growgme, as evidenced by the average cranial bone surface area
This value is lower than the measurements reported bythe sub-adult group measuring 55,253.841fun552.54
Waitzmanet al (1992), who found that by the age of 5, the&n¥). In comparison with the findings of Pahal. (2014),
overall size of the "cranio-orbito-zygomatic" region(see Table Ill), the cranial bone surface area of the Zaghunluqg
exceeded 85% of adult size. Potential reasons for thpspulation surpasses those of populations from regions such
discrepancy could be attributed to variations in researes Yunnan and Australia. Conversely, it is smaller than those
methodologies, differences in racial populations, anaf populations from Suizhou, Taojiazhai, Shenmu, Datong,
substantial variations in sample sizes. Jiangjialiang, Yinniugou, Lama Cave, Zhanzi Mountain,
Shuiquan, and Yanghai, as well as among the Zulu in South
Among the ancient children excavated from théfrica and populations in Tanzania, Kenya, Central Europe,
Zaghunlug cemetery, individual variations in zygomatic bondative Americans, and Indonesia. It is noteworthy that the
surface area ranged from 1231.70 mm 3011.58 mh  Yanghai population, which is also located in the Xinjiang
Notably, this surface area displayed a gradual increase wilgion, exhibits a cranial bone surface area of 582% cm
age, as evidenced by the average zygomatic bone surfatightly larger than that of the Zaghunlug group.
area in the sub-adult group measuring 2314.18 fon23.1
cm?). In comparison with the findings of Pahal (2014), Considering these measurements, the environmental
(see Table IIl), the zygomatic bone surface area of tleenditions of the Zaghunluq region might provide further
Zaghunlug population surpasses those of populations fransights into these variations. Situated in the Xinjiang region
regions such as Yunnan, Suizhou, Yanghai, Central Européth an average annual temperature ¢fCland a latitude
among Native Americans, and in areas of Australia araf 38°N, the cranial bone surface area measurements of the
Indonesia. Conversely, it is smaller than those of populatiodaghunlug population in this study align with the conclusions
from Taojiazhai, Shenmu, Datong, Jiangjialiang, Yinniugowrawn by Paret al, (2014). Their findings suggest that as
Lama Cave, Zhanzi Mountain, and Shuiquan, as well #itude increases, the cranial bone area notably enlarges,
among the Zulu in South Africa and populations in Tanzanighile an increase in average annual temperature leads to a
and Kenya. The zygomatic bone surface area of tls@nificant reduction in cranial bone area.
Zaghunlug population, characterized by an average annual
temperature of I, closely aligns with the mean value ofVariation Traits in Skull Surface Area among Ancient
23.8 cn} as reported by Paat al (2014). This mean value Children
was calculated from 11 population samples from regions
with average annual temperatures below’C5 namely The age-related variations in the surface areas of
Yunnan, Taojiazhai, Shenmu, Datong, Jiangjialiandifferent skull regions in ancient Zaghunlugq children revealed
Yinniugou, Lama Cave, Zhanzi Mountain, Shuiquanthat the surface areas of the zygomatic, temporal, parietal,
Yanghai, and Central Europe. This observation aligns wiftontal, and cranial bones all increased with age. While the
the "significant linear correlation between the locabccipital bone surface area manifested subtle variations in
temperature and the individual's zygomatic bone surfatiee early stages, it underwent significant growth with age
area" proposed by Paat al (2014). It is noteworthy that during the later stages, indicating an overall pattern of
the Yanghai population, which is also located in the Xinjianmcreasing with age.
region, exhibits a zygomatic bone surface area of 2222 cm
slightly smaller than that of the Zaghunluq group. Building The surface areas of various regions in the skulls of
on these observations, the zygomatic bone area observedaghunlug children consistently exhibit an expansionary
the Zaghunluq population of Xinjiang serves as a pivotalend. This not only exemplifies the growth and development
case study for exploring the relationship between zygomati€their cranial structures but also, to a certain extent, reflects
bone surface area and climatic factors. This essentiatlye continuous increase in skull dimensions from childhood
supports the hypothesis proposed by &&aal. (2014), that to adolescence. Such observations are in line with numerous
posits a notable decrease in the zygomatic bone area asatmer research findings. Danboretaal (2008), studied 377
average annual temperature rises. Nigerian children aged 5-15 (173 boys and 204 girls),
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measuring their head length, width, and circumference anegions are observed in Zaghunluq children. For instance,
calculating the cephalic index. Their findings indicate thaturing the ages of 3-5 years in Zaghunluq children, there's
both head length and cephalic index expanded with age fosignificant increase in the surface areas of the zygomatic,
both genders. In a similar vein, Zatial (2008), measured temporal, and parietal bones. Notably, the temporal bone
and calculated the head circumference and relative heatface area displays the most pronounced growth. This
circumference of 27,826 children in Cairo, Egypt (14,048uggests that the skull might undergo processes of
boys and 13,778 girls) between the ages of 0 and 18. Theliongation, vertical expansion, and broadening during this
results showed a consistent increase in head circumferepegiod. During the ages of 6-7 years in Zaghunlug children,
for both genders across all age groups, with the mastere's a significant increase in the surface areas of the
substantial growth occurring in the initial two years. zygomatic, temporal, and occipital bones. These
observations align with Merkel's (1882), findings that there
In contrast, distinct growth patterns are evident iare two predominant phases of accelerated cranial
the surface areas of Zaghunluq children's skull regiondevelopment in humans: from birth to 7 years and during
especially pronounced during growth spurts. Notablgdolescence to mid-adolescence. The cranial growth
growth spurts in surface areas of various skull bones abserved in Zaghunluq children aged 3-5 and 6-7 years
observed at specific age intervals: the zygomatic bone at®rresponds to the first of these phases. Moreover, during
10 years (17.90 %) and 12-15 years (17.02 %); the tempattad ages of 8-10 years in Zaghunluq children, significant
bone at 3-5 years (19.38 %); the occipital bone at 6-7 yegm®owth occurs in the surface areas of the zygomatic bone,
(12.57 %); the parietal bone at both 3-5 years (4.63 %) apdrietal bone, frontal bone, and cranial bone. Notably, the
8-10 years (4.67 %); the frontal bone at 8-10 years (12.féntal bone surface area displays the most pronounced
%); and the cranial bone during the 8-10 years range (6.§&wth. Meanwhile, the surge in the cranial bone surface
%). These data suggest Zaghunluq children predominandgea is in tandem with the significant growth of the parietal
experience cranial growth spurts at ages 8-10. This pattemnd frontal bone surface areas. This pattern aligns with
is largely consistent with the findings of Retnal (2017), the findings that partially overlap with those of Raral
which suggest that seven cranial measurements, includif@17). Their research indicates increasing trends in seven
head length, head width, head height, head circumferenceanial measurements with age, with the growth rates being
facial length, sagittal arc, and occipital arc, increase wigharticularly pronounced in the 4-6- and 7-10-year age
age, with relatively higher growth rates observed in the 4¢foups. In addition, during the ages of 12-15 in Zaghunluq
year and 7-10-year age groups. children, a significant increase is observed in the surface
area of the zygomatic bone, implying that zygomatic bone
Furthermore, within the same age stages, variatiogsowth continues into adolescence. This observation
in the growth rates of surface areas across different skalibsely aligns with the findings of Waitzmanal (1992),

Table Ill. Zygomatic area and cranial surface area in different populationet(Ba@014).

Specimen Latitude Average annual Zygomatic Cranial surface Specimen

temperature (°C) area (cnt) area(cnv) description
Yunnan 25°N 14.9 20.6 £ 0.54 551.9+6.8 About 4@ang agoYunnan, China
Suizhou 32°N 155 20.8+0.83 565.6 + 7.56 About 2468arg ago, Hubei, China
Taojiazhai 37°N 3.2 24.2+1.01 585.9 + 10.33 About 2068rg agoQinghai, China
Shenmu 39°N 8.9 235+0.76 597.3£7.50 About 486éry agoShaanxi, China
Datong 40°N 5.8 24.7 +0.89 594.9 + 13.55 About 15@¢ays agoShanxi,China
Jiangjialiang 40°N 7.7 27.0+0.86 579.9+7.42 About 68B@rg ago, Hebei, China
Yinniugou 41°N 5 24.5+0.80 594.2 £ 9.40 About 24@€hgs ago, Inner Mongja, China
Lamadong 41°N 8.6 24.0+0.84 603.6 £ 6.65 About 2,08@ry ago, Liaoning, fha
Zhenzishan 42°N 1.9 25.4+0.76 593.2+8.77 About 688ry ago, Inner Mondja, China
Shuiquan 42°N 7.5 25.3+0.56 605.3 + 9.69 About 2,400 years ago, Inner Miamgohina
Yanghai 43°N 12 22.2+0.73 582.5 £ 6.47 About 2,5@@ns ago, XinjiangChina
South African Zulus 33°S 16 245+0.72 578.1+11.55 Medhtimes, Johanesburgand othemplaces
Tanzania 7°S 26 23.8+1.65 546.1 +12.1 Midimes, Johanesburgand othemplaces
Kenya 1°S 17.7 245+0.73 574.2+£9.28 Mattimes, Dar es Salaaraic.
Central Europe 54°N 9.1 22.1+0.59 597.7 £7.95 kradimes, Nairobigetc
American Indians 29°N 24 22.2+0.79 603.6 + 9.30 About 7000-8000 yearElagda, USA
Australian 15°S 23 18.4+1.30 518.0 £ 13.17 Medh, Cooktown, etc.
Indonesia 6°S 28 21.7+1.70 574.3+5.48 Moy Indonesiarislands
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which posit that the "cranio-orbito-zygomatic" region | H.: ZHANG, S.: ZHANG, P.: YANG, X.: ZHOU, C.: WAILI,
undergoes slower growth during infancy but continues #®; CHEN, H.: ZHANG, H.; WANG, B. & XIAO, X. Cambios
grow throughout childhood and early adolescencen lasuperficie craneal con la edad en nifios ancestrales de Xinjiang,
Similarly, for Zaghunlug children aged 17-19 years, thef@hina.int. J. Morphol., 43(6)L883-1896, 2025.

is a noticeable increase in the surface area of the parietal

and zygomatic bones, while other regions continue to_ T2 TETEE R S cestles
exhibit slow growth. This might suggest that cranial grOWtﬁa recibido poca atencion. El propdsito de este estudio es abordar

has entered a mature phase. esta brecha de investigacién mediante el examen de 36 craneos de
nifios, excavados en el cementerio de Zaghunlug en Xinjiang, como
CONCLUSIONS material principal de investigacién. Mediante el analisis de las
diferencias en las superficies externas de varias partes de los craneos
In this study, cranial CT data was employed ten diversos grupos de edad, el estudio busca explorar las
reconstruct 3D virtual representations of skulls and fearacteristicas y los patrones de crecimiento y desarrollo craneal
measure the external surface areas of their distinct regioffgnifios ancestrales de Xinjiang. El analisis de varianza (ANOVA)
Using SPSS statistical software, we analyzed the a gyelo dlf_eren(flas significativas en las areas de SL_Jperf|C|e de los
related changes in the surface areas of these skull reg Hesos cigomatico, temporal, frontal, occipital, parietal y craneal

0] tigate th th dd | tal tt eétre seis grupos de edad (2 afios, 3-5 afios, 6-7 afos, 8-10 afos,
0 Investigate the growth and developmental palterns p3 15 5565 y 17-19 afios), mientras que el area de superficie de los

ancient children’s skulls. Based on the results anflesos parietales no mostré diferencias significativas. Este estudio
discussions detailed above, we infer the following growthcontré que el area de superficie del hueso cigomatico experimenté
patterns for skull regions: The zygomatic bon@n crecimiento rapido durante las edades de 8-10 y 12-15. Del
demonstrates growth spurts at ages 8-10 and 12-15; thismo modo, los huesos temporales exhibieron un aumento notable
temporal bone at ages 3-5; the occipital bone at ages 6:7:el area de superficie dentro del rango de edad de 3-5. Este
the parietal bone at both ages 3-5 and 8-10; the frongagcimiento rapido en la etapa temprana fue seguido por una

bone at ages 8-10; and the cranial bone at ages 8-10. S(ag)ﬁnsién significativa del area de superficie del hueso occipital

differential growth trajectories across the skull suggest t’_ﬁl{ando los nifios alcanzaron las edades de 6-7. En cuanto a los

Zaghunl hild , ial d | ti Uesos parietales, se observé un aumento significativo en el area
aghuniuq chilidren's cranial development 1S Mogf, superficie tanto a las edades de 3-5 como de 8-10. Ademas, el

pronounced around ages 8-10. Consequently, this mMighfeso frontal mostré un aumento notable en la superficie,
indicate the onset of puberty in Zaghunlug children to hgpecificamente entre los 8 y los 10 afios. Este periodo de
around 8-10 years old. Furthermore, as they transition fragrecimiento también coincidi6é con una fase primaria de expansién
childhood to adolescence, there might be a brief stagnatioaneal, lo que sugiere que entre los 8 y los 10 afios se produjo un
or deceleration in cranial growth. impulso de crecimiento en la superficie de los huesos craneales de
los nifios Zaghunlug. En base a las variaciones observadas en los

Lastly, this study focused solely on pediatric skulimpulsos de crecimiento en la superficie de las diferentes regiones
specimens without a comparative analysis involving ad Eaneales, los hallazgos mostraron que el crecimiento y desarrollo

kull | Th luating the d | tal st ¢ los craneos de los nifios Zaghunlug ocurrié predominantemente
skull samples. Thus, evalualing the aevelopmental StaQes e o5 g y los 10 afios, lo que podria indicar el inicio de su

of adolescent skulls from late puberty to maturity remaingjsjescencia durante este periodo. Ademas, durante la transicion
challenging. Additionally, because the individuals fromge |a infancia a la adolescencia, el craneo podria experimentar un
whom the specimens were obtained were at a young ag@cimiento temporal mas lento.

accurately determining their gender proves difficult,

thereby hindering an examination of potential gender- PALABRAS CLAVE: Xinjiang; Cementerio
specific growth patterns among Zaghunlug childreréaghunlug; Poblaciones de_ni_ﬁos ancestrales; Superficie
Furthermore, the 2-year-old age group was represenféan_eql; Patrones de crecimiento craneal; Impulso de

by only two samples, preventing its inclusion in multipltgrec'm'emo'

comparisons. As a result, it remains challenging to stu
the growth patterns of skulls during early infancy, a perio
often marked by_ r‘f"p'q and significant devGIOpmem%\lyatollahi,S.M.T.&Shayan,Z. Head circumference standards for school
changes. These limitations underscore the need for & MOr&iidren of Shiraz, Iranl. Trop. Pediatr., 52(6306-10, 2006.
complete collection of ancient children's skull specimergll, R.; Shu, C.; Xi, P.; Rioux, M.; Luximon, Y. & Molenbroek, J. A
and the adoption of advanced research methods andzcingpggzog t;eotrlfen Chinese and Caucasian head shppE&rgon.,
technlques._Such efforts would provide a hOIISU%Faskgr,)E.&I{au,C.H.Acomparisonof3DfaciaIfeatures in a population
understanding of the growth and developmental fom zimbabwe and United Statéur. J. Dent., 14(£100-6, 2020.

trajectories of ancient children's skulls from birth tachen, S. T. Growth of head circumference of Malaysian infants and pre-
maturity. school children]. Singapore Paediatr. Soc., 32(381)-6, 1990.
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