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Abstract: This study aims to estimate pubertal timing and evaluate the method appli-
cability in a sample from the ancient Egyptian and Nubian site of Tombos (modern-day
Sudan), which dates to the New Kingdom through the Napatan periods (c. 1400–700
BCE) In individuals aged 7–21 years, pubertal development was observed by grading
eight skeletal elements. Each grade was attributed to a pubertal phase: pre-puberty, ini-
tiation/onset, acceleration, Peak Height Velocity (PHV), deceleration, maturation, and
post-puberty. Many individuals were found to be in a combined pubertal range such as
PHV/deceleration. Precise determination of PHV was challenging due to the small sample
size and short timeframe of the pubertal stage. Initiation occurred between 8 to 12 years,
acceleration and PHV showed a broader range of 10 to 20 years, and the deceleration phase
was predominantly observed in individuals aged 13 to 21 years. Menarche is associated
with females at Tombos aged 15 to 20 years. Deceleration occurred earlier in females and
revealed broader transitional phases in males. Males and females showed varied fusion be-
tween elements, such as the radius and ulna. Individuals with absent features, due to poor
preservation, resulted in broader ranges of pubertal stages. These results bring important
insights into research on pubertal analysis and methodology of ancient skeletal remains and
expand regional coverage of pubertal data. Additionally, morphological variation in the
Tombos sample is noted in comparison with published literature and some suggestions for
future research are provided.
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Introduction

This study assesses the applicability of pubertal analysis and examines a skeletal sam-
ple from the site of Tombos to investigate pubertal timing and adolescence in the
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ancient Nile Valley. Tombos, located in Nubia, was established by the Egyptians
during the New Kingdom colonial period and was in use through the Napatan pe-
riod (c. 1400–700 BCE). It represents a mixed community of immigrants, locals, and
their descendants coexisting for hundreds of years with few differences in osteological
indications of health disparities (Buzon et al. 2024). Using recently refined methods
(Falys & Lewis 2020), the pubertal features of individuals aged 7 to 21 years of age are
scored and analyzed to determine the pubertal phase and expand our understanding
of the biological transition between childhood and adulthood at this site. Much of the
published research on puberty and menarche has come from European skeletal popu-
lations; this study explores the variability in a group from another region. Continued
research into populations from areas outside of Europe from other time periods has
the potential to provide a more holistic perspective on the timing variability in which
puberty progresses and menarche is attained.

Puberty development is a complex biological process characterized by significant
hormonal changes that induce bone growth andmaturation (Nilsson et al. 2014). Ac-
celerated bone growth initiates during the pubertal growth spurt, where the ends of
long bones extend until the growth plate reaches full formation. During the pubertal
growth spurt, an individual’s growth velocity, the rate at which height accelerates, ex-
periences a significant increase (Shim 2015). This coincides with a substantial rise in
hormones, such as estrogen, growth hormone, and insulin-like growth factor, around
the onset of puberty, implicating these hormones in the regulation of longitudinal
growth and epiphyseal fusion (Lewis 2022; Nilsson et al. 2005). Researchers have
documented varying rates of acceleration in conjunction with other physical matura-
tion markers during puberty (Lewis 2022; Tanner 1963).

The process of epiphyseal fusion occurs at different bone sites and at distinct stages
of puberty, allowing researchers to gauge an individual’s pubertal timing based on
these variations (Shapland & Lewis 2013). These features mature and fuse at spe-
cific growth intervals and age ranges in modern/historic populations (e.g., Lewis et
al. 2016, Shapland & Lewis 2013, 2014 as cited by Blom et al. 2020). Prepuberty
occurs in ages younger than 10 years during adrenarche. Initiation, the onset of pu-
berty, occurs on average between ages 10–12 in females and 11–13 in males. Males
generally lag females by 1–2 years and there is a normal variation of 4–5 years in the
timing of the onset of puberty in healthy humans (Parent et al. 2003). Acceleration
is a time of increased skeletal growth induced by the release of the hormones ranging
from 10–13 years seen in Lewis’ (2022) study sample of mid-late Upper Paleolithic
European individuals. Peak Height Velocity (PHV) is the zenith of the phase between
acceleration and deceleration and is considered the pinnacle of growth. It is expressed
by traits commonly associated with puberty including other external physical signs of
development.
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PHV is the shortest pubertal phase and occurs between the ages 11 to 12 in
females and 13 to 14 in males (Lewis 2022), whereas the entire process (accelera-
tion/PHV and PHV/deceleration) can occur between ages 11 to 15 years. Decelera-
tion is when females achieve menarche; and in both males and females, deceleration is
a time when growth has returned to normal levels and occurs between 15 to 17 years
(Blom et al. 2020). Maturation as a puberty stage is identified when skeletal growth
reaches completion between ages 15 to 17 (Lewis et al. 2016). Finally, post-puberty
follows the maturation phase and occurs between ages 16 to 22 when the individual
reaches adulthood.

This study focuses on understanding the timing of these phases in the ancient Nile
Valley. For these communities, information about social age and life phase concep-
tualization comes from written and pictorial sources primarily in Egypt. Excavation,
analysis of mortuary practices, and osteological observations can provide fundamental
data regarding the treatment of individuals by age. While some sites have a signifi-
cant number of pre-adults, many sites in this region have a stark underrepresentation
(Kaiser 2020). Adolescents are often found in low numbers due to lower mortality
risk, suggesting well-allocated resources throughout the population and care from the
community (Avery et al. 2022; Lewis 2009).

Ancient Egyptian texts regarding the training of high priests indicate the begin-
ning of the ‘youth’ or adolescence phase is around 8 years of age (Harrington 2020).
At this time, males may take on additional duties and roles such as apprenticeships in
labor and trade as well as formal education. Females would have increased duties in
the household (Janssen & Janssen 2007). Some rituals signified age and maturation
with specific life stages, such as cutting the lock of hair from a child’s ponytail braid to
signify the transition from childhood to adolescence/young adulthood. From ancient
Egyptian records, it is apparent that adolescent individuals are integral to society as
they are fully integrated into work (Marshall 2020). Individuals who have reached pu-
berty are represented in particular ways in art; breasts and pubic hair are indicated on
girls, and boys are shown in short kilts. Pubescent females may be marked with tattoos
if they are meant for ritual service and males may be circumcised for the priesthood.
However, observation of these physical features is limited without preserved soft tissue
(Beaumont et al. 2021). Some research suggests that menarche marked marriageable
age (Graves-Brown 2010). As such, estimating the age of pubertal changes in the
Tombos skeletal sample provides the opportunity to link chronological age with our
understanding of an important social age transition regarding adult work and mar-
riageability within the context of the ancient Nile Valley.
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Materials and methods

Sample

A sample from the ancient Egyptian and Nubian site of Tombos was assessed to esti-
mate pubertal timing and evaluate the method applicability to a population outside
of Europe predating past pubertal studies. The total sample from the site consists of
175 discrete individuals. Individuals aged 7–21 years with at least 3 skeletal puber-
tal features were included in this sample, resulting in 25 observed individuals. The
age range begins at 7 years of age due to four individuals with age range estimates of
7 to 11 or 8 to 12 years. Temporal changes in social conditions and resources may
have varied throughout the sample; however, there is no archeological or osteological

Figure 1. Location of Tombos and Tell el-Amarna.



Pubertal timing at Tombos 5

evidence of significant effect of these changes. Therefore, the sample was analyzed
without consideration for those variables.

The sample used in this study originated from the site of Tombos, located in
modern-day Sudan at the Third Cataract of the Nile River (Figure 1). This cemetery
dates from the mid-18th Dynasty of the Egyptian New Kingdom Period through
the Nubian Napatan Period (c. 1400–700 BCE). The burials were excavated from
three main areas of the cemetery (north, east, and west) and contained within various
tomb types including underground chamber tombs, pyramids, chapel tombs, pits,
and tumuli (Buzon et al. 2024). The remains, currently at Purdue University, were
excavated by the University of California, Santa Barbara-Purdue University Tombos
Archaeological Project from 2000–2020 and were exported with permission from the
National Corporation of Antiquities and Museums in Sudan.

The site of Tombos was established during the Egyptian colonial occupation of
Nubia. Documented walls and large buildings indicate that it was likely the Egyp-
tian fortress of Taroy (Smith & Buzon 2018). Analysis of burial practices and stron-
tium isotopes (⁸⁷Sr/⁸⁶Sr) provide evidence consistent with a community of immigrant
Egyptians, local Nubians, and their descendants (Buzon et al. 2024). Tomb structures
and burial practices indicate that various socioeconomic status levels exist at the site;
however, given the lack of grave goods in most of the burials from this study, it is
not possible to discern definite social class differences between individuals. Indica-
tions of good health, lack of famine and disease, and sufficient access to resources
were generally evident in the skeletal sample. For a population that continued for
approximately 700 years under colonial rule and beyond, the limited presence of an-
temortem/perimortem trauma and low levels of stress indicators suggest an overall
good living standard (Buzon et al. 2016; Buzon & Smith 2023; Buzon et al. 2024).

Age at death estimation

Age at death was estimated using tooth formation and eruption of the third molar
(Schaefer et al. 2009; AlQahtani et al. 2010). For individuals of 15+ years, further
analysis of epiphyseal fusion was completed to narrow the age estimate. The level of
fusion was evaluated on nine features unassociated with pubertal analysis: distal and
proximal femur, tibia, fibula, humeral head, acromion process, and proximal radius.
Mandibular canines were not considered in general age analysis, as their mineraliza-
tion is strongly correlated with pubertal hormonal changes and were used as a pubertal
indicator (Bareggi 2022; Shapland & Lewis 2013, 2014). Taking into account the
estimated biological sex (see below), an age range was documented for each feature
according to Scheuer and Black (2009). The individuals with indeterminate sex were
allocated to a broader age range, due to a larger standard deviation that combined the
earliest and latest fusion times regardless of sex.
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Sex estimation

Individuals 15+ years old were evaluated for biological sex using Buikstra and Ube-
laker (1994). Features of the pelvis, mandible, and humerus were evaluated in indi-
viduals below the age of 15 according to Rogers (2009), Blake (2019), Wilson (2008),
and Schutkowski (1993). Biological sex was only estimated for individuals below 15
years if the evaluation of each skeletal trait resulted in the same score indicating that
estimated sex (Lewis et al. 2016).

Puberty features

Osteological features associated with puberty were observed and assessed collectively
by all the authors using methods described by Shapland and Lewis (2013, 2014) and
summarized by Falys and Lewis (2020), including mandibular canine root, hamate,
distal humerus, proximal ulna, distal radius, iliac crest, proximal-distal manual pha-
langes and cervical vertebral body morphology (CVM, vertebrae C3 to C6). Stages
of development were used for the mandibular canine root (stages F, G, H), the ha-
mate (stages G, H, H.5, I), and CVM (stages 1–6) while the distal humerus, proximal
ulna, distal radius, iliac crest, and proximal-distal manual phalanges were graded on
a 1–3 fusion scale (1: unfused, 2: fusing, 3: fused). Radiographs were taken of the
mandible for the individuals with dentition in situ to avoid damaging the remains.
This provided a more comprehensive observation of the crown-to-root and root-to-
bone ratio to evaluate the canine root. The same grading scale (Demirjian et al. 1973)
was used to identify the root development present in the radiographs. Consistency in
scoring was verified after initial data collection.

The Risser scale (1958) was utilized on the iliac crests that were categorized as
fusing (stage 2) for supplemental evaluation pertinent to pubertal stage analysis. This
scale established the stages of ossification between grades 1 to 5 and scored the crest
from lateral to medial in quarters. This evaluation using the Risser scale is key for indi-
cating menarche as it is an important characteristic of PHV. Fragmentation resulted in
potential ambiguity when discerning between unfused and fusion stages. Ultimately,
the absence of the crest was not entirely indicative of a lack of ossification, considering
possible taphonomic events.

Phase determination

Analysis of the data was completed using Shapland and Lewis (2013, 2014) and Falys
and Lewis (2020). An overall pubertal score was assigned to an individual based on an
evaluation of the feature scores. The stages included prepuberty (0), initiation/onset
(1), acceleration(2), Peak Height Velocity (PHV; 3), deceleration (4), maturation (5),
and post-puberty (6).
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Results

Of the 25 individuals aged 7–21, ten are female, eight are male, and seven are of
indeterminate sex (Supplementary Table 1). Three individuals from this age range
were excluded from this study due to the presence of fewer than three puberty features.
For ten individuals, all eight pubertal features were present; the remaining included
between three to six observable features (Table 1). Taphonomic changes and post-
mortem fragmentation were present throughout the sample, affecting the number of
features present upon analysis.

Table 1. Presence of pubertal markers in sample.

Pubertal marker All individuals Males Females Indeterminate
(n=25) (n=8) (n=10) sex (n=7)

canine 13 (52.0%) 3 (37.5%) 6 (60.0%) 4 (57.1%)
hamate hook 19 (76.0%) 6 (75.0%) 8 (80.0%) 5 (71.4%)
distal humerus 23 (92.0%) 7 (87.5%) 10 (100.0%) 6 (85.7%)
proximal ulna 24 (96.0%) 7 (87.5%) 10 (100.0%) 7 (100.0%)
distal radius 21 (84.0%) 4 (50.0%) 10 (100.0%) 7 (100.0%)
manual phalanges 22 (88.0%) 7 (87.5%) 8 (80.0%) 7 (100.0%)
iliac crest 24 (96.0%) 7 (87.5%) 10 (100.0%) 7 (100.0%)
CVM 22 (88.0%) 6 (75.0%) 9 (90.0%) 6 (85.7%)

Fusion rate by element

Individuals with unfused features ranged from ages 7 to 20 years and fusing and fused
features were observed in individuals aged 8 to 21 years. The fusing stage often oc-
curred in a broader age range, for example, ages 12 to 21 years (radius) or 10 to 21
years (humerus & iliac crest). The hamate presented with a more extended develop-
mental stage ranging from 8–20 years, verifying the hamate is the first element to fuse
during puberty (Lewis et al. 2016). The total age range for each fusion category in
the present study is represented in Table 2.

Developmental timing

Pre-PHV—Some individuals were assigned to two pubertal stages based on themarker
scores. Pre-puberty to initiation of puberty occurred in individuals aged 7 to 12. Es-
timated age for individuals solely in the initiation stage of puberty from this sample is
as low as 8 years and as high as 15 years. Individuals in the acceleration/PHV category
occurred between the ages of 10 to 20 years. The only feature graded as developing
or developed during these stages was the hamate, as a fully complete hamate hook
indicates the individual has reached PHV (Falys & Lewis 2020).
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Table 2. Score by element and associated age ranges.

Age range (years) observed in this sample
(number of individuals in each stage)

Element Undeveloped Developing Developed
canine¹ 7-12 (3) 8-12 (1) 12-20 (9)
hamate² 10-12 (1) 8-20 (4) 8-21 (14)
humerus³ 8-15 (8) 10-21 (10) 13-20 (5)
ulna³ 7-15 (8) 10-20 (9) 10-21 (7)
radius³ 7-15 (9) 12-21 (5) 14-20 (7)
phalanges³ 7-20 (9) 10-20 (5) 12-20 (8)
iliac crest³ 7-20 (10) 10-21 (11) 12-20 (3)
CVM⁴ 7-15 (8) 10-20 (10) 12-18 (2)

¹ F = undeveloped; G = developing; H = developed
² G = undeveloped; H/H.5 = developing; I = developed
³ unfused = undeveloped; fusing = developing; complete = de-
veloped
⁴ scores 1 and 2 = undeveloped; 3 and 4 = developing; 5 and
6 = developed

PHV—There were no individuals determined to be at the exact point of PHV.
According to Lewis (2022), the PHV stage occurs in the shortest time frame, as it is
a rapid phase of biological growth acceleration. Therefore, with a small sample and
broad age range estimates, there is a low chance of finding an individual at this specific
point in the pubertal process.

Post PHV—Individuals graded beyond PHV were all aged 12–21 years. Most
of these individuals were graded to be at or in the deceleration phase, with few ex-
ceptions for individuals scored in two phases, such as PHV/deceleration and decel-
eration/maturation. The timing of PHV and deceleration in the sample is consistent
with the theory that PHV is a set point of peak growth acceleration (Falys & Lewis
2020). Therefore, the transition from PHV to the deceleration phase occurs quickly.
Conversely, the deceleration phase occurs over a longer period and thus is found in a
larger age range of individuals for both males and females (see Table 3).

There were 29 missing/excluded features in this sample. All features were present
in 22.2% of males, 55.6% of females, and 22.2% of indeterminate individuals (Supp-
lementary Table 1).

Variation in results between males and females

The total pre-PHV age range for estimated females is 10 to 15 years; the lower bound-
ary is defined by the start of the prepuberty stage (10 years) and the upper boundary
of pre-PHV is defined by the start of post-PHV stages (PHV/Deceleration; 15 years).
The pre-PHV age range (10 to 20 years) in estimated males is broader than that of fe-
males. In this sample, male ulnae fused before their radii, whereas female ulnae fused
after their radii. This indicates the females’ radii fused at an older age range within
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Table 3. Number of individuals in each pubertal stage by sex and age range.

Stage N Age range
Females

Prepuberty 1 10-12
PHV/Deceleration 2 15-20
Deceleration 3 14-20
Deceleration/ Maturation 4 15-20

Males
Initiation 1 12-15
Acceleration 1 12-20
Acceleration/PHV 1 10-14
Deceleration 1 14-21
Deceleration/Maturation 4 12-17

Indeterminate sex
Prepuberty/Initiation 2 7-12
Initiation 3 8-14.5
Initiation/Acceleration 1 12-14
Acceleration/PHV 1 10-15

the same pubertal stage as the males. Also, male phalanges fused earlier; however,
there were no male individuals with phalanges scored in the fusing stage. As such,
small sample sizes may affect these observations. All other features, including canine,
hamate, humerus, ulna, and ilium, appear consistent with pubertal developmental
timing between sexes.

Discussion

Differences between the estimated sexes

Biological and bioarchaeological literature indicate pre-adult (prior to reaching adult
fusion—less than or equal to 20 years of age) females tend to experience more rapid,
earlier development, while pre-adult males have a longer growth period, which leads to
males achieving a greater height and increased muscle mass (Bareggi et al. 2022; Doe
et al. 2022; Bogin et al. 2018; Tanner 1989). This is consistent with this sample and
corresponds with the males having a comparatively prolonged growth period while
reaching peak height velocity.

Inter-site comparison

When compared to the Amarna population, a New Kingdom period sample from
Egypt (Dabbs 2024), Tombos individuals appear to have reached the earlier stages of
puberty at younger ages (ages 10 to 12 in Tombos compared to age 15 in Amarna).
The delayed fusion rate at Amarna is suggested by Dabbs (2024) to be due to signif-
icant stress experienced by the community, shifting the established baseline of their
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growth and development. Many compounding variables such as disease and available
resources could have significantly altered developmental timing (Lewis et al. 2016;
Dabbs 2024). High levels of stress were evident in the bioarchaeological record at
Amarna including physical trauma, nutritional deficiencies, and possible endemic in-
fectious diseases. Indicators of growth and development disruptions were also present
throughout the pre-adult sample, resulting in low adult stature and linear enamel
hypoplasia (Dabbs 2024). Such health trends were generally absent in the Tombos
sample, suggesting the divergence between these samples could be due to access to
resources and community differences (Buzon & Smith 2023).

According to prior clinical and bioarchaeological research, PHV precedes menar-
che, the first occurrence of menstruation in females, by 1 to 2 years (Evelath &Tanner
1990; Lewis 2022; Shapland & Lewis 2013). Considering the number of Tombos
females present in the deceleration and deceleration/maturation phases, it is possible
to associate menarche occurring at ages 15–20. In the Amarna sample, menarche
reportedly occurred between ages 14 to 19 years (Dabbs 2024). While maturation
occurred within a similar age range, the time from PHV to menarche varied between
populations. The Amarna sample, for instance, displayed a shortened deceleration
phase, potentially due to catch-up growth (Dabbs 2024; Bareggi et al. 2022). This
phenomenon represents a pattern of extended adolescence (Lewis 2022; Nilsson et
al. 2005; Tanner 1963). A complete understanding of the growth and fusion dis-
crepancies between Amarna and Tombos cannot be fully evaluated, as published data
from Amarna sample was only provided the PHV phase and beyond; additionally,
the timing of the onset of puberty, associated with the complete development of the
hamate hook, was not presented. The elements analyzed at Amarna displayed a sig-
nificant delay in fusion, resulting in PHV, deceleration, and maturation phases oc-
curring at overlapping ages (14 to 19 years, Dabbs 2024) compared to the Tombos
sample, which exhibited evenly distributed age ranges for initiation and acceleration
to deceleration and maturation. The composition of the Tombos community with
immigrant and local individuals may also have affected puberty; additional studies of
groups from the larger ancient Nile Valley region may provide additional insight into
regional variation.

Due to the limited time frame of use for the Amarna site (two decades versus
hundreds of years at Tombos), it is difficult to provide a holistic comparison between
these two populations. Based on information from Egyptian textual sources, it is as-
sumed that menarche was associated with a transition to adulthood in Amarna and
Tombos. This transition would have been significant as the gendered jobs and social
expectations likely would have greatly increased for the individual experiencing pu-
berty. Because particular biological ages with the correlating social transition are not
specifically documented in ancient Egyptian texts, using puberty analysis to estimate
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the time range of puberty can provide historical and anthropological context to the
Tombos population in the New Kingdom and early Napatan periods. Studies from
other regions and time periods reveal the variation across populations. For example,
age of menarche is similar in Upper Paleolithic Europe (16 to 17 years, Lewis et al.
in press) and pre-Roman Italy (14 to 17 years, Bareggi et al. 2022) while Blom and
colleagues (2020) find a much later menarche (19 to 20 years) attributed to a delay
in puberty completion due to hard physical work and pathological conditions in the
Dutch post-medieval community.

Attallah and colleagues (1983) report on the average age of menarche in Khar-
toum, Sudan schoolgirls from three different groups (high, middle and low income).
Menarche began as early as 10.5 years, with average age of menarche at 13.35, 13.85
and 14.06 years for the three groups, respectively. Higher average age of menarche
in the lowest income group is associated with larger family size suggestive of a direct
environmental effect regarding nutrition and standards of care. In comparison, At-
tallah and colleagues (1983) also report average age of menarche at 12.6 for higher
income girls and 13.9 for lower income girls in Egypt. More recently, Hemmeda
and colleagues (2025) report menarche between ages of 9 and 15 years, with a mean
age of 12.23 years for girls from Omdurman, Sudan, confirming the secular trend of
younger puberty internationally over the last few decades. Pubertal timing is associ-
ated with adiposity in epidemiological and genetic studies, especially in girls. Higher
body mass index is correlated with earlier onset of puberty (Brito et al. 2015). Thus,
changing environmental conditions affecting nutrition likely account for the earlier
age ranges of menarche in modern populations in comparison with the archaeological
samples.

Methodological considerations, limitations, and future
considerations

The canine and hamate were the most commonly absent elements and the iliac crest
in this sample was most often found fragmented. If fragmentation affected reliable
observation, that feature was excluded; if fewer than three features were present, the
individual was excluded from the sample. The missing data have the potential to
affect the variability of the male and indeterminate sex samples, considering different
elements often indicate different stages of puberty. If elements that indicate earlier
stages of puberty are absent in an individual, the pubertal stage may be scored as
reaching later stages of puberty. Therefore, relying on only one of the elements to
assess pubertal timing could potentially skew the estimated stage of puberty to an
earlier or later stage. Fortunately, within this sample, all other features present were
consistent with the estimated pubertal stage. Bilateral skeletal fusion asymmetry was
taken into consideration, as it has been documented in other pubertal assessment
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studies (Lewis et al. 2016). In this study, there were two ulnae, one humerus, and
multiple manual phalanges, that were assigned the grade of later stage of development
between the asymmetrical elements.

Much of the research on pubertal timing methodology is based on modern, me-
dieval, and post-medieval populations (Lewis 2022) from similar geographical areas;
ancient populations may not correspond to these standards. Additionally, the Tombos
sample size is limited, and pubertal timing would be more evident in a larger sample
with a more equal estimated sex distribution. Considering the discrepancy between
modern and historical samples, it may be beneficial to expand the age range attributed
for analysis. Maturation timing has shifted over time and can vary between popula-
tions (Blom et al. 2020; DeWitte 2020; Lewis et al. 2016). The pubertal stages used
for analysis were originally established in modern populations, combining chrono-
logical and possible social factors assigned to an individual based on visible external
changes (Lewis 2022). Since analysis of soft tissue and hormone changes cannot be
done on skeletal remains, the elements assessed in pubertal studies may provide more
clarity to the age discrepancies seen between studies. The age range selected for as-
sessment should be broadened to elaborate on this sample’s social age and account for
the possible adjustment in physical maturation during ancient periods. Due to the
high significance puberty/menarche holds in social life, tracking its timing in skeletal
remains is important; grasping the timing in different populations can provide further
data when there are fewer elements present for analysis.

Conclusion

The examination of pubertal growth in bioarchaeology research holds significance
due to its capacity to offer insight into important social transitions in a pre-adult’s
lifetime, such as age at marriage, that may be linked to biological maturity. Measuring
several pubertal elements enhances reliability by providing a holistic view of growth
and development. For the Tombos sample, deceleration is achieved as early as 12
and as late as 21 and females reached menarche between 15 to 20 years; the broad
ranges are likely due to preservation of markers and precision of aging techniques.
Because most pubertal timing results are compared to modern biological trends in
puberty, the expectations of pubertal benchmarks in this sample may be altered due
to the time period and geographical area. Understanding the established benchmarks
can provide further insight into the social timings of important life phases. While
females reached the later stages of puberty earlier, they stayed in these stages for a
longer period of time. This provided females with an extended period for growth and
development and could have led to female social expectations beginning at a younger
age. Males approached later stages of puberty approximately two years later; however,
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maturation was reached around the same age. It is not clear if this is due to the broad
age range of males in the maturation stage or a chronological discrepancy.

Ancient archeological samples introduce limitations that may impact the valid-
ity and generalizability of these findings, including smaller sample sizes, taphonomic
damage or missing elements, and lack of medical/archival records for sex, age, and de-
velopmental context. More multidisciplinary research in broader archeological con-
texts would assist in improving the standardization in methodology and analysis. The
information gained from this population spanning around 700 years is significant in
providing insight into how puberty and social age manifested in an ancient Nile Valley
community.

Acknowledgments

All data from this study are contained in the manuscript. Student funding for this
project was provided by Purdue University College of Liberal Arts Margo Katherine
Wilke’s Undergraduate Research Internship. Support for the excavation of human
remains was provided by the National Science Foundation, National Geographic So-
ciety, and Purdue University. The authors have no conflicts of interest to declare.
The archaeological remains used in this study were excavated and exported with the
cooperation of the National Corporation for Antiquities and Museums. The Tombos
Archaeological Project has worked closely with the Tombos community since 2000,
providing research updates during field seasons, creating pamphlets and educational
materials in English and Arabic, and posting website field findings in Arabic. Marla
Emmrich provided radiographs at Purdue University Student Health. We thank the
editor and reviewers (including Creighton Avery) for their helpful comments to im-
prove this paper.

References

AlQahtani S.J., Hector M.P., Liversidge H.M. (2010), Brief communication: The Lon-
don atlas of human tooth development and eruption, American Journal of Physical
Anthropology 142(3):481-490.

Attallah N.L., Matta W.M., El-Mankoushi M. (1983), Age at menarche of schoolgirls
in Khartoum, Annals of Human Biology 10(2):185-188.

Avery L.C., Prowse T.L., Findlay S., Brickley M.B. (2022), Bioarchaeological ap-
proaches to the study of adolescence, Childhood in the Past 15(1):3-14.

Bareggi A., Pellegrino C., Giuffra V., Riccomi G. (2022), Puberty in pre-Roman times:
A bioarchaeological study of Etruscan-Samnite adolescents from Pontecagnano (south-
ern Italy), International Journal of Osteoarchaeology 32(5):1114-1129.



14 Eiseman et al.

Blake K.A.S. (2019), A test of sex estimation in subadults using the elevation of the au-
ricular surface from four samples of known age and sex, Journal of Forensic Sciences
64(4):1129-1134.

Blom A.A., Schats R., Hoogland M.L.P., Waters-Rist A. (2020), Coming of age in
the Netherlands: An osteological assessment of puberty in a rural Dutch post-medieval
community, American Journal of Physical Anthropology 174(3):463-478.

Bogin B., Varea C., Hermanussen M., Scheffler C. (2018). Fetus into man—Physical
growth from conception to maturity, American Journal of Physical Anthropology
165:834-854.

Brito V.N., Latronico A.C. (2015), Puberty: When is it normal?, Archives of En-
docrinology and Metabolism 59(2):93-94.

Buikstra J.E., Ubelaker D.H. (1994), Standards for data collection from human skeletal
remains, Fayetteville: Arkansas Archaeological Survey Research Series No. 44.

Buzon M.R., Guilbault K.A., Simonetti A. (2024), Exploring intersectional identities
and geographic origins in ancient Nubia at Tombos, Sudan, Bioarchaeology Interna-
tional 8(1/2):9-22.

Buzon M.R., Smith S.T. (2023), Tumuli at Tombos: Innovation, tradition, and vari-
ability in Nubia during the Early Napatan Period, African Archaeological Review
40:621-646.

Buzon M.R., Smith S.T., Simonetti A. (2016), Entanglement and the formation of the
Ancient Nubian Napatan state, American Anthropologist 118(2):284-300.

Dabbs G.R. (2024), Menarche at Amarna: Timing and the further implications, Amer-
ican Journal of Biological Anthropology 183(2):e24856.

DeWitte S., Lewis S. (2020), Medieval menarche: Changes in pubertal timing before
and after the Black Death, American Journal of Biology 33(2):e23439.

Demirjian A., Goldstein H., Tanner J.M. (1973), A new system of dental age assessment,
Human Biology 45(2):211-227.

Doe D.M., Molina Moreno M., Candelas González N., Rascón Pérez J., Cambra-
Moo O., González Martín A. (2022), The first application of a puberty estimation
method to skeletons of young pregnant females: A case for the reevaluation of maternal–
fetal burials, International Journal of Osteoarchaeology 32(2):418-428.

Eveleth P.B., Tanner J.M. (1990), Worldwide variation in human growth, Cambridge:
Cambridge University Press.

Falys C., Lewis M. (2020), Puberty in the past, The Archaeologist 109:10-11.
Falys C.G., Schutkowski H., Weston D.A. (2005), The distal humerus – A blind test

of Rogers’ sexing technique using a documented skeletal collection, Journal of Forensic
Sciences, 50(6):1289-1293.

Graves-Brown C. (2010), Dancing for Hathor: Women in Ancient Egypt, London:
Continuum.



Pubertal timing at Tombos 15

Harrington N. (2020), The ancient Egyptian conception of children and childhood [in:]
“Children in Antiquity: Perspectives and experiences of childhood in the Ancient
Mediterranean”, L.A. Beaumont, M. Dillon, N. Harrington (eds.), New York:
Routledge, pp. 11-25.

Hemmeda L., Mohammed O.A., Elgadi A., Tarig Abdalla Mohamed M., Ariss N.S.,
Abdel Majeed Mohamed Salih O., Mohamed Ahmed K.A.H. (2025), Onset and
pattern of puberty in apparently healthy Sudanese children: A cross-sectional multi-
center community-based study, Sage Open Pediatrics 12:e30502225251310526.

Janssen R., Janssen J.J. (2007), Growing up and getting old in ancient Egypt, (2ⁿd ed.),
London: GHP.

Kaiser J. (2020), “Do not say ‘I am young to be taken”’ 1: Children and death in an-
cient Egypt: Second Intermediate Period to the Late Period [in:] “Children in An-
tiquity: Perspectives and experiences of childhood in the ancient Mediterranean”,
L.A. Beaumont, M. Dillon, N. Harrington (eds.), New York: Routledge, pp. 429-
435.

Lewis M.E. (2009), The bioarchaeology of children: Perspectives from biological and
forensic anthropology, Cambridge: Cambridge University Press.

Lewis M.E. (2022), Exploring adolescence as a key life history stage in bioarchaeology,
American Journal of Biological Anthropology 179(4):519-534.

Lewis M., French C., Rossoni-Notter E., Notter O., Moussous A., Sparacello V.,
Boschin F., Ricci S., Nowell A. (in press), An assessment of puberty status in adoles-
cents from the European Upper Paleolithic, Journal of Human Evolution.

LewisM., Shapland F., Watts R. (2016),On the threshold of adulthood: A new approach
for the use of maturation indicators to assess puberty in adolescents from medieval Eng-
land, American Journal of Human Biology 28(1):48-56.

Marshall A. (2020), The child’s experience of daily life in ancient Egypt, [in:] “Children
in Antiquity: Perspectives and experiences of childhood in the ancient Mediter-
ranean”, L.A. Beaumont, M. Dillon, N. Harrington (eds.), New York: Routledge,
pp. 167-177.

Nilsson O., Marino R., De Luca F., Phillip M., Baron J. (2005), Endocrine regulation
of the growth plate, Hormone Research 64(4):157-165.

Nilsson O., Weise M., Landman B.M., Meyers J.L., Barnes K.M., Baron J. (2014),
Evidence that estrogen hastens epiphyseal fusion and cessation of longitudinal bone
growth by irreversibly depleting the number of resting zone progenitor cells in female
rabbits, Endocrinology 155(8):2892-2899.

Parent A.S., Teilmann G., Juul A., Skakkebaek N.E., Toppari J., Bourguignon J.P.
(2003), The timing of normal puberty and the age limits of sexual precocity: Variations
around the world, secular trends, and changes after migration, Endocrine Reviews
24(5):668-693.



16 Eiseman et al.

Risser J.C. (1958), The iliac apophysis; an invaluable sign in the management of scoliosis,
Clinical Orthopedics 11:111-119.

Rogers T.L. (2009), Sex determination of adolescent skeletons using the distal humerus,
American Journal of Physical Anthropology 140(1):143-148.

Sanders J.O., Khoury J.G., Kishan S., Browne R.H., Mooney III J.F., Arnold K.D.,
Finegold D.N. (2008), Predicting scoliosis progression from skeletal maturity: A sim-
plified classification during adolescence, Journal of Bone and Joint Surgery 90(3):540-
553.

Satoh M., Hasegawa Y. (2022), Factors affecting prepubertal and pubertal bone age
progression, Frontiers in Endocrinology 13:967711.

Schaefer M., Black S., Scheuer L. (2009), Juvenile osteology, London: Academic Press.
Schutkowski H. (1993), Sex determination of infant and juvenile skeletons: I. Morphog-

nostic features, American Journal of Physical Anthropology 90:199-205.
Shapland F., Lewis M.E. (2013), Brief communication: A proposed osteological method

for the estimation of pubertal stage in human skeletal remains, American Journal of
Physical Anthropology 151(2):302-310.

Shapland F., Lewis M.E. (2014), Brief communication: A proposed method for the assess-
ment of pubertal stage in human skeletal remains using cervical vertebrae maturation,
American Journal of Physical Anthropology 153(1):144-153.

Shim K.S. (2015), Pubertal growth and epiphyseal fusion, Annals of Pediatric En-
docrinology & Metabolism 20(1):8-12.

Smith S.T., Buzon M.R. (2018), The fortified settlement at Tombos and Egyptian colo-
nial strategy in New Kingdom Nubia [in:] “From microcosm to macrocosm: Indi-
vidual households and cities in Ancient Egypt and Nubia”, J. Budka, A. Johannes
(eds.), Leiden: Sidestone Press, pp. 205-225.

Tanner J.M. (1963), Regulation of growth in size in mammals, Nature 199:845-850.
Tanner J.M. (1989), Fetus into man – Physical growth from conception to maturity,

Cambridge, MA: Harvard University Press.
White T.D., Folkens P.A. (2005), The human bone manual, Amsterdam: Academic

Press.
Wilson L.A.B, Ives R., Cardoso H., Humphrey L. (2014), Shape, size, and matu-

rity trajectories of the human ilium, American Journal of Physical Anthropology
157(1):19-34.


	Introduction
	Materials and methods
	Sample
	Age at death estimation
	Sex estimation
	Puberty features
	Phase determination

	Results
	Fusion rate by element
	Developmental timing
	Variation in results between males and females

	Discussion
	Differences between the estimated sexes
	Inter-site comparison
	Methodological considerations, limitations, and futureconsiderations

	Conclusion
	Acknowledgments
	References

