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Abstract: Lead is one of the most toxic heavy metals and environmental pollutants on earth capable of adversely affecting
every organ in the human body, with harmful short- and long-term effects. In the Laurion region of southeastern Attica,
Greece, the extraction of silver-rich lead ores has been practiced since prehistoric times. This area was heavily mined
during the late Archaic and Classical periods significantly contributing to Athens’ wealth and sovereignty. Mining and
metallurgical activities declined towards late antiquity but resumed in the late 19" century, continuing until the end of the
20t century. Vestiges of these activities still dot the landscape posing potential environmental risks. Although the chemical
effects of lead on the human skeleton are well-documented, the osteological imprint of lead contamination, especially in
classical antiquity, remains unexplored. This paper examines lesions characteristic of lead poisoning found on the remains
of a 2-year-old infant from Laurion dating to the Archaic/Early Classical period (65" century BCE). The study employs
non-invasive techniques, including macroscopic analysis, digital microscopy, plain radiography, and micro-CT imaging, to
assess the presentation, distribution, pathogenesis, and etiology of the lesions. Anatomical areas formed by endochondral
ossification, including the metaphyses of the long bones, the sternal ends of mid-ribs, and the condyle(s) of the mandible,
are affected by bone hypertrophy and the formation of lead lines or lead bands. Additionally, hyperplasia of the cranial vault
is diagnostic of anemia, while lesions on the endocranial surface indicate encephalopathy, which is associated with high
levels of lead exposure and is often fatal. The presence of lesions diagnostic of scurvy and those consistent with rickets
further supports the co-occurrence of multiple metabolic diseases in the infant skeleton. The manifestation of these lesions
can provide insights into the history of lead toxicity and its lasting effects.
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1 Introduction activities, as well as areas where lead gasoline and lead-
based paint are still used. Both the environment and the peo-

Lead, one of the most common heavy metals on the earth’s  ple working in these settings face significant health risks and

crust, can be very harmful to health (Agency for Toxic
Substances and Disease Registry [ATSDR] 2020; U.S.
Environmental Protection Agency [EPA] 2022). Numerous
studies have highlighted its harmful effects when used in
the production of items such as gasoline, batteries, solders,
water pipes, paint, ceramic glazes, cosmetics, folk remedies,
food packaging, hair dyes, ammunition, toys, and jewelry.
It seems to be most harmful in the areas where it is mined,
smelted, manufactured and disposed of. Today we are aware
of areas around the world where lead levels are very high
(Kordas et al. 2018; Global Burden of Disease [GBD] 2019;
Risk Factor Collaborators 2020; Zhou et al. 2022). This is
largely a result of industrial lead mining and processing
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adverse consequences.

There is no organ system in the body that is not affected
by lead, as numerous studies on the nervous, endocrine,
hematological, renal, cardiovascular, immunological, repro-
ductive, and skeletal systems confirm (ATSDR 2020; Wani
etal. 2015). Of particular concern is the nervous system, due
to the irreversible impact of lead on children’s mental health
and behavior (Lanphear et al. 2005; Larsen & Sanchez-
Triana 2023). It has been suggested that early lead exposure
can lead to adverse effects later in life, including increased
aggression and delinquency during adolescence, as well as
cardiovascular diseases in adulthood (American Academy
of Pediatrics Council on Environmental Health 2016). Lead
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has an even greater impact on children aged 0-5 years, as
their rapid development and higher lead absorption rates
make them more vulnerable than older children and adults
(James & OShaughnessy 2023; Larsen & Sanchez-Triana
2023). This means that the same lead environment will affect
infants, children and adults differently and will have different
long-term effects on their lives. Before 1986, lead poisoning
was defined as having blood levels above 30 ng/dL (Wright
et al. 1999). Today, no level of lead in the body is considered
safe, as even the lowest blood levels (< 5 pg/dL) can cause
serious adverse effects (ATSDR 2020, p. 9).

1.1 Pathways of lead toxicity — the effects of
lead on metabolism

Lead toxicity can occur through air, water, food, house dust,
and soil (Chisolm & Barltrop 1979). It can be ingested,
inhaled and, less often, enter the body dermally. Absorption
through the gastrointestinal tract is its main route of entry.
Young children are particularly vulnerable to this pathway
because of their high rate of metabolism that allows higher
absorption; behaviors that increase their exposure, such
as hand-to-mouth transfer; and a lower stature that brings
them closer to inhaling dust from the contaminated soil (von
Lindern et al. 2016; Hauptman et al. 2017). Toxicity can also
occur during fetal life in case the mother is affected, through
lead passing through the placenta as early as 12—14 weeks
in utero (Resnick 1995). Prenatal lead toxicity can cause
spontaneous abortion, premature birth, low birth weight and
reduced growth (American Academy of Pediatrics Council
on Environmental Health 2016, p. 4).

Besides the age and physiological state, which includes
pregnancy, menopause, or a pathological condition, the
absorption of lead is also dependent on the nutritional
level of an individual. Periods of fasting and nutritional
deficiencies, particularly in calcium, iron and vitamin C,
enhance lead absorption (ATSDR 2020, pp. 281-283, 340).
Associations between lead level and iron deficiency have
been noted in children 0-5 years of age, especially from
low socioeconomic groups where, in addition to inadequate
nutrition, behaviors such as pica (eating inedible items) and
geophagy (eating dirt) may be involved in the development
of both conditions (Freeman 1970; Clark et al. 1988; Wright
et al. 1999). The relationship between the two conditions
may go both ways. Given that lead antagonizes iron, it pre-
disposes to the development of iron deficiency. At the same
time iron deficiency predisposes to greater absorption and
retention of lead. Both conditions can have a negative effect
on overall development with long-term adverse effects in
already poverty-stricken environments. Moreover, through
enzymatic inhibition of heme biosynthesis and structural
changes inducing fragility in the red blood cell membranes,
lead can cause hemolytic anemia (Aly et al. 1993; Valentine
et al. 1976). Affecting the endocrine system, chronic expo-
sure to lead decreases serum levels of vitamin D starting at

levels above 10 pg/dL (ATSDR 2020, p. 118). In children
with high lead levels, the production of 1,25-dihydroxyvi-
tamin D, an active vitamin D metabolite crucial for bone
mineral metabolism, is inhibited, causing vitamin D levels to
drop to those seen in metabolic bone diseases (Rosen et al.
1980; Mahaffey et al. 1982; ATSDR 2020, p. 337).

The mechanisms of lead toxicity are common in all cells
and include perturbation of ion homeostasis through the dis-
placement of essential metals, such as calcium, iron, zinc
and magnesium, important in biological processes and the
function of enzymes and proteins; generation of oxidative
stress by increase in reactive oxygen species (ROS) produc-
tion and antioxidant depletion causing damage to cellular
components such as lipids, proteins and DNA; inflammation;
perturbations in DNA methylation, mitogenesis; and apopto-
sis (ATSDR 2020, pp. 262-276).

In advanced stages, lead crosses the blood-brain bar-
rier damaging the endothelium of cerebral vessels, which
leads to capillary leak and oedema (Eastman & Tortora
2022). Encephalopathy, a late-stage complication of lead
toxicity, occurs when blood lead levels exceed 80-100 pg/
dL (Eastman & Tortora 2022; Woolf et al. 1990; Betts et al.
1973). Symptoms at this stage include ataxia, hyperirrita-
bility, convulsions, lethargy and altered mental state. If the
oedema progresses, it can result in “coma, increased intra-
cranial pressure, and death” (Eastman & Tortora 2022).

1.2 Detection of lead exposure in human bone
studies

Numerous studies have utilized chemical and isotopic analy-
sis to measure lead concentrations in archaeological human
remains (e.g., Aufderheide et al. 1981, 1985; Schroeder et al.
2013; Millard et al. 2014; Rasmussen et al. 2015; Laffoon
et al. 2020; Erel et al. 2021). However, only a few studies
have osteologically examined the presence of environmental
lead and its effects on the human skeleton. Nakashima et al.
(2011) identified lead lines in the remains of members of
samurai families from the Edo period in Japan (1603—1867).
Radiographic features, such as bone hypertrophy, widened
metaphyses, and dense metaphyseal bands and lines, were
observed in the long bones of five out 0of 47 (10.6%) samurai
children, complementing chemical analysis (atomic absorp-
tion) that showed significantly higher lead concentrations
in children than in adults, and in children with bone lesions
compared to those without such lesions. In a recent study,
Panzer et al. (2022) used CT scans to examine Egyptian child
mummies from various time periods housed in European
museums. They identified metaphyseal lines in 12 out of
21 mummies but attributed dense metaphyseal bands in the
knee bones of only one 7-9 years old boy of the Ptolemaic to
Roman period to lead poisoning.

There has been limited discussion on the pathogenesis of
lead lines, their differential diagnosis, and the potential for
comorbidities. Lewis (2018, pp. 271-273) provides a clear



explanation of the differences in pathogenesis between lead
lines and growth recovery lines and points out that “to date,
no systematic study of lead lines in the bones of children
from archaeological contexts has been carried out” (Lewis
2018, p. 273).

Moore et al. (2021) examined the effects of lead toxicity
on metabolic diseases in the Roman Empire by analyzing
lead content in tooth enamel (using ICP-MS) and its correla-
tion with conditions like rickets, scurvy, and anemia. They
found that children had over twice the lead concentration of
adults, suggesting higher childhood lead exposure was linked
to lower life expectancy and increased frailty in the Roman
Empire. Among non-adults, 71% (46/65) showed lesions
consistent with metabolic diseases, while only 29% (15/51)
of adults had similar lesions. Children with metabolic dis-
ease lesions had significantly higher lead levels, indicating
a strong link between lead exposure and childhood health
during this period.

In Greece, lead exploitation dates to prehistoric times. In
the Laurion region (Fig. 1), mining related to silver metal-
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lurgy began at the end of the Neolithic period and continued
into modern times. Systematic and rescue excavations in this
area have uncovered an extensive network of mines and met-
allurgical workshops dedicated to silver extraction (Mussche
et al. 1973; Conophagos 1980; Salliora-Oikonomakou 1985;
Mussche 1998; Kakavoyannis 2001; Docter & Webster
2018; Kapetanios 2023). During the Classical period, the
discovery of a new mining vein led to a surge in lead extrac-
tion, which significantly enhanced the wealth and influence
of the Athenian city-state in the 5t century BCE.

In this paper, using both macroscopic and radiographic
methods we analyze bone lesions in the remains of a non-
adult from the Thorikos West Necropolis at Laurion who
lived during the Archaic/Early Classical period. The skeleton
exhibits widespread lesions, some suggesting lead exposure,
while others point to metabolic disease. After introducing
the site, we present the bone lesions and explore differential
diagnoses. This study is the first bioarchaeological research
to address the diagnosis of such lesions and the co-occur-
rence of metabolic disease in classical Greece.
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Fig. 1. The region of Laurion in Southeast Attica (ellipse) with the site of Thorikos (rectangle). Adapted from Thorikos: A Mining Town
in Ancient Attika (p. 93), by H. Mussche 1998, Belgian Archaeological School in Greece. Copyright 1998 by the Belgian School at

Athens.
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2 Material and methods

2.1 Theregion of Laurion in SE Attica

The region of Laurion spans a vast geographical area in
southeastern Attica (Fig. 1) densely populated with mines,
quarries, metallurgical workshops, farmsteads, harbors and
cemeteries (Apostolopoulos & Kapetanios 2021). Silver in
the Laurion region was extracted from lead ores (galena)
found in various geological layers (Skarpelis & Argyraki
2009; Voudouris et al. 2021; Ross et al. 2021). The extrac-
tion of galena began with surface layers and, from the
5% century BCE onward, extended to deeper deposits as
richer veins were discovered. This led to the establishment
of an industrial environment that continues to influence the
area today. Although the peak of mining activity occurred in
the 4t century BCE, it continued into the 3™ century BCE
and Late Antiquity through renewed mining and the repro-
cessing of old slags. It has been estimated that 1.4 million
tons of lead and 3500 tons of silver were produced in the area
from prehistoric times to the 1%t century BCE (Conophagos
1980). In the late 19t and early 20t centuries, intensive re-
mining, coupled with residues from past lead processing,
significantly increased environmental contamination, effects
of which are still evident today. Environmental and popu-
lation studies have shown substantial lead contamination in
plants, animals, and both adult and juvenile populations in
the region (Nakos 1979; Nakou et al. 1980; Nakou 1985;
Maravelias et al. 1989, 1994, 1998; Demetriades et al. 2008).

2.1.1 The site of Thorikos

Thorikos was one of the ten demes (political and physical enti-
ties) of Laurion, which were part of the city-state of Athens
encompassing the entire region of Attica (Apostolopoulos
& Kapetanios 2021, p. 437). The deme incorporated a large
area, including the Adami plain, the edge of the Potami val-
ley, the Aghios Nikolaos peninsula, and the Velatouri hill,
on which the city of Thorikos was established (Mussche
1998, p. 1). The Belgian School at Athens began excava-
tions of the Thorikos site in 1963 and uncovered various
contexts, including urban, domestic, industrial, ritual, and
mortuary (Mussche 1998; Docter & Webster 2018). The
excavations highlighted the significance of mining through-
out Thorikos’ extensive occupation from the Final Neolithic
(ca. 3200 BCE) (Laffineur 2010, p. 26) to several metallur-
gical workshops in the Classical Period (4" century BCE)
(Mussche 1998, pp. 62-63), followed by shorter and smaller
re-occupations up to the 8" century CE; in the 191 century
CE mining operations were renewed (Mussche 1998, p. 2).
The predominance of mining within the Lavreotiki was
because galena, a silver-rich lead ore, was abundant mak-
ing the region integral to the production of silver and other
metals (Conophagos 1980). Inscriptions concerning the leas-
ing and operation of Laurion’s mines, including Thorikos,

were found in the Athenian Agora and demonstrate Athens’
interest in exploiting the region’s mineral resources (Crosby
1950; Mussche 1998, p. 4). Such demands on an exploitative
mining industry would have impacted the physical landscape
and the people living within the region (Xenophon, Mem. I,
6, 12.; Nriagu 1983, p. 312; Mussche 1998, p. 2).

Grave 23 was excavated in 1964 in the West Necropolis
(sector C52 j4 in Fig. 2), the largest mortuary area (about 153
graves) excavated at Thorikos, dating from the Geometric to
the Classical periods (Mussche 1998, pp. 22-29; Bergemann
2021). Minimal information was recorded during this grave’s
excavation, and it has yet to be fully described in publications
(Bingen 1967a, p. 33, n. 1; Bingen 1969, p. 101). What can
be discerned, primarily through excavation photos (Fig. 3),
is that this was a funerary pithos (height: 50+ cm) laid on its
side into a stone-lined pit, within the ruins of an earlier 9t
century BCE room (Bingen 1967a, pp. 33-34).

The field journal noted that the vessel was missing frag-
ments towards the topsoil (and any possible covering),
potentially due to intensive looting nearby (Bingen 1967b,
p. 42). The vessel’s mouth was closed with a large square
stone slab and no grave artefacts were found inside with the
fragmentary skeleton, or outside of the vessel. Initially, the
grave was broadly dated to between the 9t and 5" century
BCE structures of the West Necropolis; it was later sug-
gested that this grave probably dates to the 6"-5™ century
BCE (Bingen 1967a, p. 33, nl; Bingen 1969, pp. 100—101).

2.2 The human remains

The human remains from Grave 23 of the Thorikos West
Necropolis (abbreviated in this paper as Tho-23) are in a
moderate state of preservation, with several bones missing
or fragmented (Fig. 4). Many postmortem fractures are old,
indicating that some of the bone damage occurred within the
burial environment. The remains were originally misidenti-
fied as those from an adult cremation (Bingen 1967a, p. 33,
n.1), but it is now clear that they belong to the inhumation of
a non-adult. The altered morphology of the left femur con-
firms the identification of the remains with the documented
excavation finds (Fig. 3b). There is no evidence from the
excavation records of articulated or anatomically arranged
bones. The disturbance may have resulted from the above-
mentioned looting. Although the remains have been stud-
ied in the past (Defever 1990), research has only recently
focused on pathologies.

Preserved are the diaphyses of many long bones, parts of
the cranial vault, facial bons, and cranial base, a portion of
the right hemimandible, two teeth, rib fragments, the right
ilium, and a metatarsal. Most bones retain their cortical sur-
faces and shape, facilitating the examination of pathological
lesions. Several bones were covered with encrustations that
required specialized cleaning to remove.
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Fig. 2. Location of grave 23 in the Thorikos West necropolis. Adapted from archived version of excavation map by M. Mouraux 1972.
Copyright 2024 by the Thorikos Archaeological Research Project [TARP].
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Fig. 3. Pithos 23 in situ before (A) and after (B) removal of the infill. Circled in (B) is the distal half of the left femur with the character-
istic flaring of the distal metaphysis. (C) Diagrammatic representation of the human remains in the interior of the pithos. Adapted from
archived excavation photographs and drawings. Copyright 2024 by TARP.
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Fig. 4. (A) Schematic and (B) photographic inventory of the skeletal remains. The pathological areas are marked with ellipses; dots
designate lesions on the endocranium and the medial surface of the mandible. Credit for Visual Template: Pascal Adalian, CNRS

Université de la Mediterranée, UMR 6578; adopted by Lisa Steige.

2.3 Methods

The estimation of the age-at-death was determined based on
the fusion stage of primary ossification centers (Cunningham
et al. 2016), dental development (Moorrees et al. 1963;
AlQahtani et al. 2010), and the approximate length of the
long bone diaphyses (Cardoso et al. 2014; Cunningham
et al. 2016; Maresh 1955). Sex estimation was not attempted
due to the young age of the individual. Macroscopic, digi-
tal microscopic (Dino Lite 2.0), and radiographic (MinXray

750) analyses were performed at the Wiener Laboratory
of the American School of Classical Studies in Athens to
evaluate pathological lesion expression, distribution, and
for differential diagnosis. An industrial micro-CT scanner,
BRUKER Skyscan 1273 was used to produce a micro-CT
scan of the left femur and right radius (kV = 100; uA = 150).
This resulted in a 102.81 um resolution. The reconstructed
file was segmented using Amira 5 in the ArcheOs laboratory
at the University of Ghent, Belgium.
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3 Results

The human remains from Thorikos Pithos 23 belong to an
infant estimated to be around 2 years old. There appears to
be a small discrepancy between the age-at-death estimated
from the teeth (1.5-2.5 years) and the length of the long
bones (1.0-1.5 years), suggesting developmental delay.
Pathological lesions are observed on both the cranial and
postcranial skeleton, impacting the cortical surfaces, diploe,
and spongy bone, and altering their shape. Fig. 4A shows
the distribution of these lesions across the skeleton. The
description of the pathological lesions is organized anatomi-
cally, beginning with the cranium and progressing to the ribs,
ilium, and long bones.

3.1 The cranium

Fragments of the vault and some facial bones are preserved.
Various bone lesions are observed on the ectocranial and
endocranial surfaces of these fragments, as well as in the
diploe.

Frontal: The diploe of the frontal bone superior to the
orbital roof is widened (hyperplastic). The orientation of the
trabeculae is not altered (Fig. 5A). The inner table is substan-
tially thicker compared to the outer table suggesting atrophy
of the latter. The fragmented bone allows the calculation of
the ratio of compact to diploic bone and this is ca. 1:4, far

mm

0 1 2

exceeding the 1:2.5 that is considered the cut off point for the
identification of marrow hyperplasia (Brickley 2024, p. 100,
table 3). Although the fragment from which the measure-
ment is taken is not at the midline as suggested by Brickley
(2024), the ratio of compact to diploic bone is too large to be
considered normal.

Parietals: A parietal fragment exhibits hyperplasia of the
diploe, with a second bone layer forming over the original
cortex, creating the appearance of vertical striations in the
new bone (Fig. 5B). Notably, the upper diploic layer has
large intertrabecular spaces. There is no porosity observed
on the ectocranial surface of this fragment.

However, another parietal fragment, which does not show
signs of diploic hyperplasia, displays focal porosity on its
ectocranial surface. Other traits on the cranium include fine
vascular impressions on the outer table of a parietal fragment
and irregular bone formation on the endocranial surface of
the squamous part of the temporal bones (Fig. 6) and the left
lateral of the occipital.

Other traits on the cranium include lesions on the sphe-
noid and the zygomatic bones. New bone formation is present
around the foramen rotundum of the left part of the sphenoid
bone (Fig. 7A). The right part of the sphenoid is not pre-
served. Both zygomatic bones display thickening and porosi-
ties smaller than 1 mm in diameter that penetrate the cortex
on the anterior, lateral, and posterior surfaces (Fig. 7B).

Fig.5. (A) Thickening of the diploe of a frontal fragment superior to the orbital roof (located on the left side of the image). (B) Hyperplasia
of the diploe of a parietal fragment: a second layer of bone was laid over the cortex of the earlier bone. Note also the large inter-
trabecular spaces present. In both figures, the outer cranial table is at the top and the inner table at the bottom. Viewed with digital

microscopy.
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Fig. 6. Irregular bone formation on the endocranial surface of the squamous part of the right temporal viewed with digital microscopy.
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Fig. 7. (A) Bone formation around the foramen rotundum of the left sphenoid. (B) Porosity on the posterior and lateral cortical sur-
faces of the right zygomatic bone.
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3.2 The mandible
Two kinds of lesions are observed macroscopically and radio-
graphically on the preserved part of the right hemimandible:

On the medial side of the mandible, beneath the coro-
noid process abnormal cortical porosity is present (arrow in
Fig. 8A).

Moreover, the mandibular condyle is hypertrophic, and
its shape is altered (Fig. 8A and 8C). This deformation
becomes more apparent when the affected condyle is com-
pared to a normal bone from another individual of similar
age-at-death (Fig. 8D). Radiographically the hypertrophic
area appears opaque while the trabeculae are accentuated
(coarse) throughout (Fig. 8B). Although intrusive soil likely
contributes to the increased radiopacity, bone hypertrophy
also seems to play a role.

3.3 Theribs

Fragments of the shafts and sternal ends of several ribs are
preserved. The sternal ends of several mid-ribs are hyper-
trophic. The area affected extends shaftwards approximately
20 mm from the sternal end (Fig. 9A). The hypertrophy
is directed towards the pleural side of the ribs sparing the
outer cortex. Radiographically the hypertrophic area appears
opaque (Fig. 9B). Porosity on the pleural side of the affected
area likely enabled soil to seep into the bone, increasing
radiopacity.

SCALED TO A

3.4 The rightilium

Only the right ilium is preserved. Depositions of new
bone and fine porosity are observed on the visceral surface
(Fig. 10A). The radiographic image reveals three radiopaque
lines following the contour of the iliac crest, along with
accentuated trabeculae throughout the ilium (Fig. 10B).

3.5 The long bones
Multiple lesions are observed in the long bones, including
widened metaphyses (flaring), transverse radiopaque lines
in the metaphyseal region, dense metaphyseal bands near
the growth plate, and accentuated (coarsened) trabeculae.
While not all lesions are present in every long bone, at least
two appear in each. The widened metaphyses and coarse
trabeculae are consistently found in all long bones. The
distal metaphyses of the left femur and right radius exhibit
the most characteristic combination of these lesions and are
further examined by micro-CT imaging to investigate the
underlying pathogenesis. Because of incomplete skeletal
preservation, it is not possible to determine their presence in
the proximal humeri, distal ulnae, proximal radii, proximal
tibiae, and proximal fibulae.

The distribution of lesions in the preserved long bones is
as follows:

Accentuated (coarse) trabeculae in all bones preserved.

Widened metaphyses (flaring) are present in all respec-
tive areas preserved, i.e., the proximal and distal humeri

SCALEDTO C

Fig. 8. Right hemimandible. (A) Hypertrophic mandibular right condyle (in circle) and abnormal porosity medially below the coronoid
process (arrow). (B) Radiography displaying radiodensity of the hypertrophic area (in circle) and the stage of formation of the first per-
manent molar. (C) Close-up of the hypertrophic condyle viewed anteriorly. (D) The non-pathological mandibular condyle of an infant
of similar age-at-death. Photographic images with digital microscopy.
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Fig. 9. (A) Superior view of the hypertrophic sternal end of a mid-rib viewed with digital microscopy. Post mortem cracking along the
shaft allows direct evaluation of the hypertrophic trabeculae. (B) Radiopacity of the affected area (designated with a blue line) and
coarsened trabeculae.
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Fig. 10. (A) New bone deposition on the visceral surface of the right ilium viewed with digital microscopy. (B) At least three radiopaque
lines that follow the contour of the iliac crest are visible radiographically together with accentuated (coarse) trabeculae throughout.
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SCALED TO A

Fig. 11. Macroscopic (A) and radiographic (B) view of the humeri showing widened proximal and distal metaphyses and coarsened
trabeculae.
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Fig. 12. Macroscopic (A) and micro-CT (B) image of the distal metaphysis of the right radius showing metaphyseal widening and
distinct layers of radiodense lines and bands (bracket) close to the growth plate.
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Fig. 13. (A) Radiograph of the distal metaphysis of the left tibia shows a thick radiopaque band adjacent to the growth plate (indicated
by a bracket). (B) Radiograph of the distal metaphysis of the left fibula reveals a thin band adjacent to the growth plate and transverse
lines visible higher up (indicated by thin lines).
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Fig. 14. Part of the diaphysis and distal metaphysis of the left femur viewed (A) macroscopically and (B) radiographically. At least
three transverse radiopaque lines (i—iii) and a band of increased density (iv) following the contour of the growth plate are visible
radiographically. The dense band (iv) near the growth plate measures approximately 20 mm in thickness. A thin radiopaque line
(iii) is located ca. 21 mm from the growth plate, closely followed by a transverse line at ca. 22 mm (ii) from the growth plate. At around
31 mm from the growth plate, another dense line is observed (i), likely representing the earliest occurrence of the lesions.
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Fig. 15. Micro-CT image of the distal metaphyseal and diaphyseal areas of the left femur. (A) Layers of transversely oriented trabecu-
lae (iv) extend from the growth plate towards the shaft up to approximately 20 mm. (B) Besides the layers of trabeculae, at least three
transverse lines are visible and correspond to radiographic lines i, i, and iii in Fig. 14B.

(Fig. 11), the proximal left ulna, the right distal radius
(Fig. 12), both proximal and distal tibiae (Fig. 13A), the dis-
tal left fibula (Fig. 13B), the proximal right femur, and the
distal left femur (Fig. 14 and Fig. 15).

Thick radiopaque metaphyseal bands (or ‘lead lines’,
Resnick 1995, p. 3355; Lewis 2018, p. 272) are located adja-
cent to the growth plates tracing their contours. They are
present at the distal radius (Fig. 12), distal femur (Fig. 14
and Fig. 15), and distal tibia (Fig. 13). The thickest band is
found at the distal femur followed by the distal tibia and nar-
rower bands are also noted at the distal left fibula and distal
right radius. Bands are absent from the distal metaphyses of
the humeri and most likely the proximal metaphyses of the
ulnae based on the preserved elements.

At the distal metaphysis of the left tibia, a dense metaphy-
seal band is present (Fig. 13A). In contrast, a much narrower
band is present at the distal metaphysis of the left fibula close
to the growth plate, while several transverse dense lines
appear at higher levels towards the shaft (Fig. 13B).

Transverse radiopaque metaphyseal lines are observed
radiographically at the distal right radius, distal left femur
(Fig. 14B), and distal left fibula (Fig. 13B). They are absent
from the distal humeri (Fig. 11) and the left tibia (Fig. 13A).

The micro-CT images of the left femur and right radius
reveal layers of transversely oriented orderly arranged tra-
beculae extending along the metaphysis from the growth

plate towards the diaphysis (Fig. 12B, Fig. 15A and 15B).
The image of the femur reveals a broader zone of rows of tra-
beculae that extend along the dense band (iv) visible radio-
graphically in Fig. 14B.

4 Discussion

4.1 Differential diagnosis

Table 1 summarizes the bone lesions observed macroscopi-
cally and radiographically in the human remains from grave
23 at Thorikos. To better understand their aetiology, a dif-
ferential diagnosis is conducted, and the potential impact of
co-occurring pathologies on the manifestation of lesions is
discussed.

4.1.1 Scurvy

Scurvy is a condition caused by a lack of sufficient vitamin
C. It commonly affects individuals who suffer from nutri-
tional deficiencies and lack important micronutrients, often
also including folate and iron (Snoddy et al. 2018, p. 877).
Skeletal signs of scurvy are characterized by several fea-
tures throughout the skeleton, most of which are caused by
episodes of hemorrhage. Since no single lesion is pathog-
nomonic for scurvy (Brickley et al. 2020, p. 52), multiple
diagnostic features are needed in a single individual to be
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Table 1. Macroscopic and radiographic lesions in Tho-23 and their location.

Lesion location

Frontal, superolat-
eral to orbits*

Parietal*

Temporal:
squamous part
(bilateral)

Occipital:
lateral part (left)

Sphenoid (left):
foramen rotundum

Zygomatic bones
(bilateral)

Mandible (right):
medially below
coronoid process

Mandible (right):
condyle

Ribs sternal ends
Hlium (right)

Humerus Left
(distal metaphysis)

Humerus Right
(proximal
metaphysis* - distal
metaphysis)

Radius Left:
(distal metaphysis*)

Radius Right
(distal metaphysis)
Ulna Left (proximal
metaphysis*)
Femur Left (distal
metaphysis)

Femur Right
(proximal
metaphysis*)

Tibia Left (distal
metaphysis)

Tibia Right
(proximal and
distal metaphyses*)

Fibula Left
(distal metaphysis)

Bone hyperplasia Abnormal
and hypertrophy Porosity
Focal hyperplasia plus

thinning of outer table

Focal hyperplasia: two X
layers of bone plus
thinning of outer table

Overall hypertrophy X

Condylar hypertrophy

Sternal end hypertrophy pleural side
Overall hypertrophy X

Metaphyseal hypertrophy

Metaphyseal hypertrophy

Metaphyseal hypertrophy

Metaphyseal hypertrophy  concave side

Metaphyseal hypertrophy

Metaphyseal hypertrophy  concave side

Metaphyseal hypertrophy

Metaphyseal hypertrophy

Metaphyseal hypertrophy

Metaphyseal hypertrophy

Note. Asterisk (*) designates partial skeletal preservation.

Endocranial
irregularities

Subperiosteal
new bone
formation

Accentuated
(coarse)
trabeculae

Transverse
lines of
increased
density

Thick
radiopaque
metaphyseal
bands
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classified as probable scurvy. For a possible scurvy classifi-
cation, at least one diagnostic and several suggestive features
are required (Snoddy et al. 2018, p. 880).

The skeleton of Tho-23 displays at least two diagnostic
and two suggestive lesions for scurvy. While lesions on both
zygomatic bones are observable, the incomplete preserva-
tion of the skeleton limits the assessment of lesions bilater-
ally. According to Snoddy et al. (2018, table 1), the porosity
and subperiosteal new bone formation at the left foramen
rotundum of the sphenoid and porosity below the coronoid
process of the left hemimandible are diagnostic for scurvy.
Additionally, porosity on the lateral and posterior sides of
the zygomatic bones and on the visceral side of the right
ilium, along with new bone deposition, are suggestive of
scurvy. These features are consistent with the core macro-
scopic lesions of scurvy identified by Brickley & Morgan
(2023, table 1) and collectively support the classification of
the infant from Tho-23 as having probable scurvy.

The radiographic features of the bones add complexity to
diagnosis. The dense white lines observed along the growth
plates of the right radius, left fibula, and right ilium may be
attributed to vitamin C deficiency, which can result in hypo-
mineralization and the retention “of provisional calcifica-
tion at the ends of the metaphyses” (Brickley et al. 2020,
p. 63; Tamura et al. 2000). These dense zones of calcifica-
tion, known as the ‘white line of Fraenkel’ (Lewis 2018,
p. 273), may appear alongside generalized osteopenia, thin-
ning of the cortical bone, irregular and enlarged metaphyseal
margin and spurs of mineralized bone at the metaphyseal
edges (Chalouhi et al. 2020). They might also be associated
with a radiolucent zone, referred to as the ‘scurvy line’ or
‘Trimmerfeld zone’, which indicates decreased osteoblas-
tic activity (Brickley et al. 2020, pp. 64—65). None of these
additional lesions are visible radiographically in Tho-23,
though scurvy can still be present without them (Brickley
et al. 2020, p. 63).

It is noteworthy that the manifestation of bone lesions
can be influenced by the co-occurrence of other condi-
tions (Brickley et al. 2020, pp. 239-247). Mild anemia is
commonly recognized as a laboratory hallmark of scurvy
(Brickley et al. 2020, p. 240), and rickets is known to occur
alongside scurvy (Schattmann et al. 2016). Furthermore,
rickets has been observed in a 3-year-old girl with lead poi-
soning (Caffey 1938).

4.1.2 Rickets

Rickets is due to vitamin D deficiency and can have diverse
ctiologies. It can be caused by lack of exposure and/or
absorption of UVB radiation, nutritional deficiencies or inhi-
bition of food absorption due to illness or cultural practices
(Schattmann et al. 2016; Brickley et al. 2020). Its manifesta-
tion in a growing infant is largely influenced by the mother’s
vitamin stores during pregnancy and breastfeeding, as well
as the presence of other diseases, such as scurvy, that can

inhibit or reduce its effects. In such cases, depending on the
timing and duration of the deficiency, subtle bone lesions
may be observed (Schattmann et al. 2016, p. 64; Brickley
et al. 2020, pp. 86, 95).

Several macroscopic and radiographic skeletal lesions
are considered diagnostic for rickets (Brickley & Mays
2019). They are caused by the disturbance of chondrocytes
and osteoblasts and failure of mineralization. Macroscopic
lesions include porosity of the cranial vault, porosity and
flaring at the costochondral junctions, and porosity, flaring,
and cupping of the metaphyses of long bones, along with
bending deformities of the ribs and long bones. Cranial vault
thickening and porosity on the concave side of deformed long
bones are indicative of healed or healing stages (Brickley
et al. 2020, table 5-5). Radiographically, osteopenia, along
with coarsening and thinning of the trabecular bone, are
characteristics commonly associated with rickets (Brickley
& Mays 2019).

In the infant from Thorikos grave 23, radiographic exam-
ination of all bones reveals coarsening and thinning of the
trabeculae in addition to porosity on the concave side of
the metaphyses of long bones. However, this porosity dif-
fers morphologically from the ‘slit/strut’ appearance typi-
cally associated with rickets (Brickley et al. 2020, fig. 5-11).
Similarly, the porosity and hyperplasia at the sternal ends of
mid-ribs in Tho-23 differs from the more localized flaring
and porosity characteristic of rickets and scurvy (Brickley
et al. 2020, fig. 5-11). In Tho-23, thickening of the distal rib
shaft is caused by cancellous hypertrophy rather than poor
mineralization; it is located on the pleural side of the costo-
chondral junction and does not terminate in flaring. Although
postmortem damage could contribute to the observed poros-
ity, it is significant that the porosity in the rib-ends and on
the concave side of the distal metaphysis of the left femur
is present only in the hypertrophic areas. Additionally, the
thickening and deformation of the mandibular condyle in
Tho-23 are due to hypertrophy and are not consistent with
the abnormal angulation of the ramus, as seen in rickets
(Brickley et al. 2020, fig. 5-17). The lack of obvious macro-
scopic lesions, combined with the radiographic appearance
of Tho-23, is consistent with a diagnosis of rickets co-occur-
ring with scurvy, where scurvy dominates and obscures
many of the features of rickets (Schattmann et al. 2016).

4.1.3 Anemias

Anemias are a group of disorders that result in reduced
oxygen transport to tissues and can be either acquired or
inherited (Grauer 2019). Acquired anemias have a vari-
ety of causes that depend on the specific context (Brickley
2024, p. 90). They are linked to various factors, including
nutritional quality, dietary intake and absorption, bacterial
and parasitic infections, as well as the demands of physi-
ological processes like growth, menstruation, and childbirth
(Grauer 2019). Genetic anemias, such as thalassemia and



sickle cell disease — common in the eastern Mediterranean —
can lead to distinct skeletal features that can guide diagno-
sis (Hershkovitz et al. 1997; Lagia et al. 2007; Lewis 2012;
Techataweewan et al. 2021). While no pathognomonic
lesions exist for the acquired anemias, marrow hyperpla-
sia is considered the most significant skeletal trait for their
diagnosis, affecting both the cranial and postcranial skeleton
(Brickley 2024). Marrow hyperplasia, however, is a com-
mon feature that is also associated with genetic anemias and
can be especially prominent in thalassemia and sickle cell
disease (Caffey 1937; Reynolds 1987; Silverman 1985).

Several lesions observed in the Thorikos infant are con-
sistent with the presence of anemia in the skeleton: 1) mar-
row hyperplasia leading to widening of the diploic space on
the frontal bone and thinning of the outer table, 2) a diploic-
to-cortical bone ratio exceeding 1:2.5 in the frontal bone,
3) marrow hyperplasia of a parietal fragment leading to the
deposition of a second layer of bone on its outer table, 4) ver-
tical orientation of the trabeculae with large spaces between
them in the same area; and 5) thinning (atrophy) of the outer
table of the parietal fragment exhibiting hyperplasia. These
features correspond to four of the five diagnostic criteria
outlined by Brickley (2024, table 1) for diagnosing acquired
anemia.

The diagnosis of an acquired rather than a genetic anemia
in Tho-23 is supported by the lack of specific characteristics
associated with thalassemia and sickle cell disease, such as
dactylitis, which can develop as early as the fourth to sixth
month of life (Caffey 1937; 1951; Poyton & Davey 1968;
Moseley 1971; Bohrer 1987; O’Hara 1967). Additionally,
in thalassemia, extensive marrow hyperplasia causes diffuse
spongy and cortical osteopenia, along with widening of med-
ullary cavities. This often reduces or eliminates the normal
constriction in tubular bones, changing their overall shape
(Silverman 1985; Lagia et al. 2007). None of these charac-
teristics are present in the infant being studied.

The accentuated trabeculae seen throughout the skeleton
could suggest carly anemia, where the finer trabeculac are
first resorbed due to pressure atrophy, causing the remain-
ing ones to appear elongated and giving a more pronounced
radiographic appearance (Brickley et al. 2020, p. 215).
These have already been addressed in the section on rickets.
Anemia can coexist with both rickets and scurvy (Brickley
et al. 2020, pp. 240-241). The possibility that multiple con-
ditions were present in the infant before death might explain
the porosity found in a parietal fragment without accom-
panying diploic hyperplasia, which rules out anemia. The
coexistence of scurvy, rickets, and anemia could result from
poor dietary quality, impeded nutrient absorption or signifi-
cant environmental factors. In the lead-polluted and harsh
environment of Laurion, anemia likely had several causes.
Heavy metals like lead can impair nutrient absorption in the
gut (Brickley et al. 2020, p. 87, Bikle 2011; Raman et al.
2011) and contribute to anemia by interfering with hemoglo-
bin synthesis and iron function.
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4.1.4 Metaphyseal dysplasia (Pyle’s disease)
Another condition that can cause flaring at the distal ends
of tubular bones is metaphyseal dysplasia, also known as
Pyle’s disease. This rare inherited skeletal disorder is char-
acterized by delayed development of the metaphyseal corti-
cal bone (Pyle 1931; Heselson et al. 1979). The enlargement
affects both the metaphyseal and diaphyseal segments sym-
metrically and extends beyond the metaphysis to involve
large portions of the diaphyses of the tubular bones (Soares
etal. 2016). Combined with the thinned cortices, the reduced
medullary cavity, and the relatively late onset of this con-
dition in later childhood (Lewis 2019, p. 632), it suggests
that metaphyseal dysplasia is an unlikely explanation of the
metaphyseal lesions observed in Tho-23.

4.1.5 Lead toxicity

Mimicking calcium lead is absorbed in the bones where it
can be stored for decades (Burton 2008, p. 444; ATSDR
2020, p. 342). Approximately 94% of the total body lead is
stored in adult bones compared to 73% in children (ATSDR
2020, p. 291; Barry 1975). Lead’s elimination half-time in
bones is very slow and can last 1-2 decades, whereas in the
blood it can vary from one week to two years (ATSDR 2020,
p. 278). This potential can be released by any trigger that
affects bones’ metabolism, such as pregnancy, illness or nor-
mal growth, increasing the lead level in the body and affect-
ing the bones.

A hallmark of lead toxicity in bones is the formation of
‘lead lines’ visible radiographically (Caffey 1931; Park et al.
1933; Greengard 1966; Betts et al. 1973; Chisolm & Barltrop
1979; Woolf et al. 1990; Lewis 2018). Lead lines comprise
radiodense transverse bands or lines across the metaphyses
of tubular bones and “along the contours of flat and irregu-
lar bones” (Resnick 1995, p. 3353). The former originally
appear adjacent to the growth plate, while the latter appear
as inner rings that trace the contour of the vertebral bodies,
epiphyses, carpal bones, and the iliac crest.

Lead lines are formed by impaired remodeling of endo-
chondral bone due to lead deposition that inhibits osteoclas-
tic but not osteoblastic remodeling. The process is likely
triggered by the reduced blood flow in the metaphyses where
lead is preferentially stored (Resnick 1995, p. 3356). While
osteoblasts continue secreting osteoid, osteoclasts cannot
resorb chondrocytes, which end up being covered by end-
osteal bone and form trabeculae of calcified cartilaginous
cores (Resnick 1995, p. 3356). The tightly packed rows of
sclerotic chondrocytes adjacent to the growth plate give
radiographically the impression of a single band although
they comprise rows of tightly packed lines of trabeculae that
are discernible histologically (Caffey 1931, fig. 8C, 8D, 10;
Park et al. 1933, figs. 5-8; Silverman 1985, fig. 4-236). They
are also observed with finer radiographic techniques such as
the micro-CT imaging in this study (Fig. 12B and Fig. 15).
Contrary to a mistaken belief that lead is visible on X-rays,
it is actually the more abundant calcium deposits that are
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viewed in the metaphyseal regions (Leone 1968; Silverman
1985; Resnick 1995, p. 3356).

Over time, and if the child survives the toxic episode(s),
lead bands thin out to little more than lines, becoming hard
to distinguish before eventually vanishing (Park et al. 1933,
p. 275). Due to remodeling, lead lines relocate into the bone
diaphysis or substance of the flat or irregular bone follow-
ing their individual rate of growth (Park et al. 1933; Sachs
1981). The knee region shows the fastest and most prolonged
growth (Park et al. 1933, p. 266; Resnick 1995, p. 3353),
especially the distal femur where bands are the thickest.
Woolf et al. (1990, p. 91) note that “the occurrence of mul-
tiple lead lines suggests previous episodes of lead ingestion
and a broad lead line indicates a more prolonged period of
exposure”.

In addition to producing dense radiographic lines, lead
exposure disrupts the normal modeling of the metaphy-
seal regions in tubular bones, leading to widening or flar-
ing (Pease & Newton 1962; Resnick 1995). Because the
pathophysiology of metaphyseal widening in lead poison-
ing affects only the areas of cartilage proliferation, flaring
remains confined to the metaphyseal regions and does not
extend into the diaphysis. It is also not associated with osteo-
penia and shaft deformity seen in conditions such as thalas-
semia and Pyle’s disease, as discussed earlier.

4.1.6 Harris or Park lines

Lead lines are most challenging to differentiate from trans-
verse lines in bone caused by stress or growth arrest and
recovery, also known as Harris or Park lines (Park 1964;
Silverman 1985; Resnick 1995; Miszkiewicz 2015; Lewis
2018). These lines have a distinct pathophysiology and man-
ifestation compared to lead lines as they are formed by the
deposition of osteoid beneath the zone of proliferating car-
tilage (Lewis 2018, p. 271). During a growth arrest episode,
chondroblasts cease proliferation, unlike in lead line forma-
tion, where successive rows of cartilage continue to develop.
For Harris lines, osteoblasts keep depositing osteoid along
the halted growth plate, but this is not immediately visible
on radiographs. When growth resumes, osteoblasts add more
osteoid, which then ossifies to create dense bone along the
cartilage layer, eventually becoming visible radiographically
(Lewis 2018, p. 271). Lead lines that have migrated towards
the diaphysis due to remodeling, or scurvy lines in the heal-
ing stage (Lewis 2018, p. 273), are difficult to distinguish
from Harris lines, which are also frequently observed in lead
poisoning (Park et al. 1933, p. 269). Lead bands, however, in
anatomical regions of rapid growth, such as the distal femo-
ral shafts, have a characteristic morphology and breadth
(Park et al. 1933, p. 287). This was shown in this paper too
by the micro-CT imaging, which clearly reveals the consecu-
tive rows of ossified cartilage formed by the ongoing produc-
tion of cartilage during lead poisoning.

4.1.7 Other toxic metals

Poisoning from other metals such as bismuth injected to
pregnant women with syphilis, and phosphorus adminis-
tered as phosphorized cod liver oil to children with rickets
and tuberculosis can cause similar lines to lead poisoning
(Resnick 1995, p. 3360). Lewis (2018, p. 273) notes that his-
tologically, bismuth poisoning differs from lead poisoning in
osteoclast production and the resulting lesions. Phosphorus
poisoning leads to lesions due to hyperemia in the metaphy-
seal areas and osteosclerosis, rather than chondrosclerosis
(Caffey 1938; Resnick 1995, p. 3360).

4.2 Assessment

Several features on the infant remains indicate that the infant
was suffering from lead toxicity and a number of metabolic
conditions. The age-at-death of the infant at 2 years places it
in the age range with the highest rate of growth. In this age
the potential for lead absorption is at its highest. Moreover,
it is also the age in which infants have started to crawl, walk,
and experience their environment through hand to mouth
transfer.

Bone lesions described for almost a century for plumbism
(Caffey 1931; Park et al. 1933) are widespread throughout
the infant’s skeleton. Transverse bands of increased density
near the growth plates suggest ongoing lead exposure until
the end of the infant’s life. These bands are often wider in
regions of rapid growth, such as the knees and especially
the distal femoral metaphyses (Park et al. 1933, p. 266;
Resnick 1995). This pattern is also observed in the infant
from Thorikos. The parallel rows of radiodense trabecular
bone at the metaphyses, most distinctly visible on the micro-
CT image (Fig. 12B and Fig. 15), mark the duration of expo-
sure. If radiodense lines higher along the shaft correspond to
earlier exposure episodes, it suggests that lead toxicity may
have been present at birth or shortly thereafter. Lead lines
have been documented in neonates as young as 2-days-old
due to congenital lead contamination (Pearl & Boxt 1980).

All metaphyses exhibiting lead lines, as well as those
without such evidence (e.g., the distal metaphyses of the
humeri), display widening of their morphology due to bone
hypertrophy (Pease & Newton 1962; Resnick 1995). While
widened metaphyses can occur in conditions such as thalas-
semia and Pyle’s disease, as discussed in differential diag-
nosis, they have distinct morphologies, extend beyond the
metaphyseal regions and are not typically associated with
thick radiodense bands. Further investigation of the Thorikos
infant’s remains also revealed widening at the ribs and the
mandibular condyle, the latter being a previously unreported
site that also forms endochondrally (Robinson et al. 2015).
The location and distribution of lesions in anatomical areas
formed by endochondral ossification is a key characteristic
for the diagnosis of lead poisoning.

Lesions resulting from marrow hyperplasia provide diag-
nostic evidence of anemia in the infant remains. Diploic



hyperplasia is typically associated with anemia, even when
not accompanied by porosity of the external table (Brickley
2024). Itis currently unclear whether the thickening observed
is due to lead exposure or poor nutrition in an infant weak-
ened by repeated lead toxicity. Evidence of nutritional defi-
ciencies, particularly scurvy, is evident in the remains, as
shown by a range of lesions linked to vitamin C deficiency
(Klaus 2014; Bourbou 2014; Brown & Ortner 2011; Ortner
& Mays 1998; Brickley et al. 2020). Specifically, the forma-
tion of new bone in the foramen rotundum of the sphenoid
bone has been observed in famine skeletons from 19t-cen-
tury Ireland, indicating extremely harsh living conditions
(Geber & Murphy 2012).

The likelihood that the infant may have suffered from,
and possibly died due to, encephalopathy is supported by
alterations observed in the temporal bones. Various types
of endocranial lesions have been linked to hemorrhagic epi-
sodes and inflammatory reactions with different etiologies
(Lewis 2004, 2018; Wysocka & Cieslik 2023). Given their
location in the Thorikos infant, these lesions might suggest
inflammation associated with the middle meningeal artery.

There are also subtle indicators that suggest the presence
of rickets, potentially overshadowed by scurvy, which can
obscure its full expression (Schattmann et al. 2016). While
the co-occurrence of scurvy and rickets is well-documented
in archaeological findings (Brickley et al. 2020, p. 239),
the evidence of scurvy occurring alongside anemia, though
expected, is still difficult to identify (Brickley et al. 2020,
p. 240). The co-occurrence of lead toxicity and rickets has
been clinically demonstrated in the case of a 3-year-old
child who practiced pica (Caffey 1938). In this case, it was
observed that rickets was dominant over lead toxicity, pre-
venting the formation of lead lines until the rickets started
to resolve. To the best of our knowledge, Tho-23 represents
the first archaeological evidence of this co-occurrence, along
with the concurrent presence of three metabolic conditions
and lead poisoning.

5 Conclusions

This study identified lesions in an infant skeleton from the
site of Thorikos at Laurion that are consistent with lead tox-
icity and the co-occurrence of metabolic diseases such as
anemia, scurvy, and rickets. It suggests that these types of
lesions could be more broadly applied to the study of osteo-
logical remains suspected of metal toxicity. The concurrent
presence of multiple conditions suggests a complex disease
environment. Digital microscopy, radiography, and micro-
computed tomography are considered essential tools for
accurate diagnosis, particularly in small-sized remains like
those of an infant. This study provides the first osteological
evidence of lead poisoning from the Laurion region in classi-
cal antiquity, laying the foundation for further research.
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