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ARTICLE INFO ABSTRACT

Keywords: To examine differences in lifestyle between urban and rural settings during the Imperial period in Italy, a
Roman comparative study was undertaken between the rural necropolis of Contrada Nevola (1st-3rd century CE) in
Bioarcheology Corinaldo (Ancona) and the urban necropolis of Universita Cattolica in Milan (1st-5th century CE). Anthropo-
gﬁ:? logical and radiographic investigations were conducted on 60 individuals from Corinaldo and 50 from Milan,
Lifestyle focusing on stress markers (cribriotic lesions, Harris lines, enamel hypoplasia, Schmorl’s nodes, entheseal

changes, and antemortem trauma). Individuals from Corinaldo appear to have experienced better living con-
ditions compared to their counterparts in Milan. Furthermore, based on stress markers distribution, disparities in
resource access and possibly different work-related tasks between sexes were more pronounced in rural settings
than in urban ones.

The synergistic approach combining anthropological and radiological methods for analyzing lifestyle provided
comprehensive insights into the individuals buried in these necropolises. Through this comparative analysis, we
aim to contribute to the understanding of the social and environmental dynamics that shaped the lives of past
populations, thus offering new perspectives for comprehending the evolution of human societies and their in-

teractions with the environment.

1. Introduction

Following the civil war that led to Augustus’s reform of republican
institutions, the emerging Empire witnessed a period marked by politi-
cal and economic stability, particularly within the Italian territory. This
period of prosperity only lasted until the 3rd century CE, when a gradual
decline in living standards became slowly evident. This deterioration
manifested through increased taxation, crises in trade and agriculture,
institutional collapse, and the proliferation of famine and epidemics
across the Empire (Righini, 1976). The perception of the rural envi-
ronment is closely tied to productive activities and a more traditional
religiosity, in contrast to cities, which, as centers of consumption,
exhibit a more cosmopolitan character even in their customs (Beard
et al., 1998; Garnsey and Saller, 2015; Scheid, 2003; Whittaker, 1993).
While historical records primarily focused on urban lifestyles, rural
areas and their inhabitants received little mention except in comedies
with peripheral roles (e.g., Esiodo) or agricultural treaties (e.g., Varrone,
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Plinio il Giovane) (Rostovcev, 2003, p. 297). Yet, rural lifestyle, through
marginalized by historical sources, was no less dynamic and important,
and not considering it would prevent the complete understanding of the
social and economic development of the ancient world (Greene, 1986).

Bioarchaeology aims to fill this gap and the research in this field can
be categorized into three thematic areas: detailed or diachronic analysis
of urban sites to understand the effects of urbanization, and the com-
parison between rural and urban environments (Betsinger and DeWitte,
2021; Manzi et al., 1999; Redfern, 2020; Redfern et al., 2015). This
project falls into the latter category and a specific set of lesions, known
as stress markers, are scrutinized to evaluate past lifestyle. These
markers encompass both mechanical indicators (such as osteoarthrosis,
Schmorl’s nodes, marked entheseal changes, ante-mortem trauma, and
dental wear) and non-mechanical indicators (including cribriotic le-
sions, enamel hypoplasia, and Harris lines), each providing insights into
the nature of the activities performed during an individual’s lifetime and
potential dietary imbalances or pathological events (Larsen, 2002). The
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definition of urban and rural settlements is inherently complex and
necessitates the incorporation of more than two dichotomous categories
(urban and rural) to adequately capture the multifaceted nature of
human occupation within a given territory. As suggested by Champion
and Hugo (2004), the classification of the settlement system has been
conceived as a continuum, within which intermediate circumstances
exist between the urban and rural poles. In this specific case, the defi-
nition of urban and rural contexts was based on the historical and
archaeological evidence available for the Roman period. The context of
Milan aligns with the established criteria for defining an urban envi-
ronment, including population density, architectural continuity, politi-
cal status, agricultural workforce composition, and the presence of
services (Cascio, 2006). In contrast, the context of Contrada Nevola
stands in dichotomous opposition, fully embodying the rural antithesis
of Milan.

This research aims to improve our understanding of rural Italian
lifestyles through the analysis of the necropolis of Contrada Nevola (1st-
3rd century CE) and compare it with the coeval urban necropolis of
Universita Cattolica in Milan (1st-5th century CE) to discern differences
between these two contexts. The primary aim is to compare two sites
from the Imperial Age located at opposite ends of the Italian peninsula to
identify their similarities and differences. Subsequently, these findings
will be related to the settlement model based on historical sources.
Considering other similar studies, we expected to find a greater fre-
quency of infectious pathologies and physiological stress markers in
urban sample referable to the effects of overcrowding and famine.
Contrarily, in the rural sample we expect to notice a higher frequency of
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mechanical stress markers due to individual’s involvement in agricul-
tural activities (Collier and Primeau, 2019; Crane-Kramer and Buck-
berry, 2020; Malis et al., 2024).

2. Material and methods
2.1. Archeological contexts

The necropolis of Contrada Nevola (CN) (1st-3rd AD) is situated near
Corinaldo, in the Marche region, approximately 20 km from the Adriatic
coast (Fig. 1). Excavation of the site started in 2017 under the direction
of the Department of History and Cultures of the University of Bologna,
in collaboration with the Soprintendenza Archeologia Belle Arti e Pae-
saggio per le province di Ancona e Pesaro Urbino. The site, likely
associated with a local vicus, lies within the Nevola Valley, an area
nestled between the Misa and Cesano rivers, situated within Regio VI
Augustea (Ager Gallicus). The funerary practices observed across the
necropolis exhibit a consistent pattern: predominantly single in-
humations within either simple or constructed graves, occasionally
accompanied by burial offerings. Anthropological examination was
conducted on 60 skeletons excavated between 2017 and 2022.

The necropolis of the Universita Cattolica of Milan (UC) (1st-5th AD)
is situated beyond the ancient city walls, adhering to the principles
outlined in the XII Tables which prohibited burials inside the urban
pomerium. The necropolis is pertinent to the urban site of Milan (Fig. 1),
which held the title of capital of the Roman Empire from 286 to 402 d.C.
The funerary area is characterized by a long continuity of use (more than
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Fig. 1. Illustration of the Augustan Regiones and location of the necropolises under study.
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five centuries) and has, over time, accommodated various funerary
customs, including incineration and inhumation, as well as diverse
burial practices such as multiple, single, and reduced depositions
(Bissoli, 2001). This site, therefore, exhibits a multifaceted structure
from topographical, ritual, and chronological perspectives (Sannazaro,
2001). A representative sample of 50 individuals was selected from the
necropolis of the Universita Cattolica of Milan (UC), previously analyzed
(Biehler-Gomez et al., 2023; Cattaneo et al., 2001).

The sampling criteria were the following: 1) we selected only adult
individuals, 2) all the skeletons available from Contrada Nevola were
analyzed (compatibly with the excavations), 3) and the sample from
Milan was randomly selected.

2.2. Bioarchaeological analyses

The biological profile of all individuals underwent comprehensive
development through macroscopic and radiological analyses for the
estimations of biological sex, age-at-death, stature, as well as paleo-
pathological and traumatic analyses, with particular attention to stress
markers. Biological sex estimation was performed using morpho-
metrical methods pertaining to pelvic, cranial, and long bone charac-
teristics (Phenice, 1969; Spradley and Jantz, 2011; Walker, 2008, 2005).
Age-at-death was estimated through the morphology of the auricular
surface (Buckberry and Chamberlain, 2002; Lovejoy et al., 1985; Rougé-
Maillart et al., 2009), os pubis (Brooks and Suchey, 1990), sternal portion
of the clavicle (Falys and Prangle, 2015), and specific ribs (Iscan and
Loth, 1986; Kunos et al., 1999). Additionally, the state of maturation of
long bones (Scheuer and Black, 2004) and stage of dental development
(AlQahtani et al., 2010; Mincer et al., 1993; Moorrees et al., 1963) were
assessed. Furthermore, methods based on cranial and palatine suture
obliteration were considered (Acsadi and Nemeskéri, 1970; Beauthier
et al.,, 2010; Mann et al., 1991; Meindl and Lovejoy, 1985). Stature
estimation was performed using Trotter (1970) formulae. State of
preservation of the remains was evaluated categorically (<25 %, 25-50
%, 50-75 %, >75 %) according to three variables: quantity, quality, and
integrity of the remains (Bello et al., 2006; Biehler-Gomez et al., 2022).

Lifestyle would be inferred by the analysis of mechanical (osteo-
arthrosis, Schmorl’s nodes, and antemortem trauma) and non-
mechanical (cribra orbitalia, femoral and humeral porotic hyperostosis,
enamel hypoplasia, and Harris lines) stress markers (Larsen, 2002), for
which the current state-of-art is presented below.

a. Harris lines (HL)

Defined as radiopaque lines visible on radiographs; the lesion must
expand over at least 50 % of the medullary cavity and be transverse
(Harris, 1931; Hummert and Van Gerven, 1985; Kulus and Dabrowski,
2019; Macchiarelli et al., 1994; Scott and Hoppa, 2015). The etiology is
related to malnutrition, food poisoning, alcohol abuse, breastfeeding
and weaning patterns, Salter-Harris fractures, socioeconomic status,
characteristics at delivery and gestation, metabolic disorders (e.g.,
anemia, diabetes, rickets, marasmus, kwashiorkor, scurvy, vitamin A
and K deficiency), infections (e.g., tuberculosis, chickenpox, pneu-
monia, measles, influenza), endocrine conditions (e.g., hypothyroidism,
Cushing’s syndrome), and congenital disorders (e.g., thalassemia, ju-
venile idiopathic arthritis) (Ameen et al., 2005; Beom et al., 2014;
Bessler, 1982; Blanco et al.,, 1974; Edwards, 1993; Georgiadis and
Gannon, 2022; Gindhart, 1969; Gonzalez-Reimers et al., 2007; Grolleau-
Raoux et al., 1997; Macia-Villa et al., 2016; Miller and Rubell, 1934;
Papageorgopoulou et al.,, 2011; Park, 1964; Piercecchi-Marti et al.,
2006, 2006; Piga, 2017; Rosen and Deshmukh, 1985; Salter and Harris,
1963; Wongdee et al., 2012, 2012; Zimmermann and Boelaert, 2015).
All long bones of the upper and lower limbs were selected to observe
Harris lines. Images were collected using conventional radiography
(Hughes et al., 1996). Age-at-formation of Harris lines were calculated
using Byers (1991) formulae.

b. Enamel hypoplasia (EH)
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It could appear as linear, pitting or expanded decrease of enamel
thickness (Hillson and Bond, 1997; Mackay and Thomson, 2005)
(Fig. 5). The etiology comprehend vitamin D deficiency, malnutrition,
hypocalcemia, low body weight at birth, neonatal hypoxia, premature
birth, maternal nutritional status, lactation characteristics, micro-
trauma, fluoritis, rubella, inherited diseases, renal dysfunction, diabetes,
nonspecific infections, asthma, pneumonia, otitis, chickenpox, gastro-
intestinal infections (Alaluusua et al., 2004; Atar and Korperich, 2010;
Collignon et al., 2022; Ford et al., 2009; Hong et al., 2005; Koch et al.,
1999; Neto et al., 2020; Noren et al., 1978; Pimlott et al., 1985; Purvis
et al., 1973; Salanitri and Seow, 2013; Seow, 1986; Singh et al., 2022;
Sweeney et al., 1971, 1969; Tapias-Ledesma et al., 2003; Tolomeu et al.,
2022). All teeth were analyzed to determine the presence of enamel
hypoplasia. Age-at-formation of the defects were calculated using
Goodman and Rose (1990).

c. Cribriotic lesions (CL)

The lesion is recognized as an area of circumscribed porosity located
on the orbital roof (cribra orbitalia — CO), on the cranial vault (porotic
hyperostosis — PH), below the head of the humerus (cribra humeralis —
CH) or neck of the femur (cribra femoralis — CF) (Djuric et al., 2008; Radi
et al.,, 2013; Smith-Guzman, 2015; Wasterlain et al., 2018) (Fig. 4).
Although still debated, acquired anemia (megaloblastic, iron deficiency)
has been traditionally associated with cribriotic lesions (Blom et al.,
2005; Cole and Waldron, 2019; Holland and O’Brien, 1997; Koontz
Scaffidi, 2020; Mcilvaine, 2015; O’Donnell et al., 2023; Marc Frederick
Oxenham and Cavill, 2010; Stuart-Macadam, 1985; Walker, 1986;
Walker et al., 2009b; Wapler et al., 2004). Other etiologies include
inflammation of the orbital roof (Wapler et al., 2004), hemorrhage, in-
fectious diseases, tumors, and nutritional deficiencies (e.g. scurvy, Bia
deficiency, gastrointestinal malabsorption) (Cole and Waldron, 2019;
Donnell et al., 2020; Hengen, 1971; Rivera and Mirazén Lahr, 2017).

d. Stature

Stature, estimated from Trotter’s (1970) formulae, can be influenced
by genetic and environmental factors (Kemkes-Grottenthaler, 2005;
Marciniak et al., 2021) and, therefore, considered as a stress marker. In
fact, climate adaptation, urbanization, nutritional conditions, and
health status could alter the genetic growth potential, resulting in
shorter stature (Steckel et al., 2002). Stature estimation was performed
measuring femora; if their availability was compromised, other long
bones were used, selecting tibiae in priority.

e. Osteoarthrosis (OA)

This degenerative condition is due to the physiological or mechanical
deterioration of articular cartilage (Johnson and Hunter, 2014; Larsen,
2015, p. 163; Manek et al., 2003; Manivong et al., 2023; Spector and
MacGregor, 2004; Zhai et al., 2004). Skeletal changes include pitting,
eburneation, marginal osteophytes, new bone formation on the articular
surface, and alteration of the shape of the bone on the margins
(Waldron, 2020). Diagnosis was performed following Waldron (2008,
pp. 33-34).

f. Schmorl’s nodes (SN)

Recognized as erosive lesions on the superior or inferior vertebral
body, these lesions are caused by the herniations of the nucleus pulposus
of intervertebral disc (Kyere et al., 2012). This condition can be related
to physical activity from strenuous mechanical load on the spine.
Nonetheless, traumatic injuries, autoimmune diseases, and genetic
predisposition can also be cited among its etiological factors (Arron and
Choi, 2000; Hamanishi et al., 1994; Riches et al., 2002; Zhang et al.,
2010; Zhou et al., 2010).

g Antemortem trauma (AM)

AM are listed among mechanical stress markers as they can reflect an
individual’s living conditions. In fact, the analysis of traumatic injuries
may allow to reconstruct the occupational or accidental event that
caused the injury and the consequences on every-day life (e.g., reduced
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mobility, pain) (Costa et al., 2008), and differentiate it from interper-
sonal violence (Bilo et al., 2010; Cattaneo and Cappella, 2017; Crandall
et al., 2004; Wedel and Galloway, 2013). For the purpose of this study,
only fractures, microfractures, dislocations, and calluses related to
occupation accidents were considered as stress markers (Judd and
Redfern, 2012; Larsen, 2002; Lovell, 1997). However, specific lifestyles,
low body mass index, presence of osteopenia/osteoporosis, bone infec-
tion, and skeletal metastases can increase the susceptibility of bone to
fracture (Domett and Tayles, 2006).

h. Entheseal changes (EC)

Entheseal changes are considered as indicators of repetitive or
strenuous exercise, and in bioarchaeology, they are used to investigate
occupational activity (Sheridan and Gregoricka, 2020, p. 199; Weiss,
2004). EC are defined as the degree of development of entheses and the
presence of enthesopathies (Henderson et al., 2010; Mariotti et al.,
2004). The standard proposed by Mariotti (2004) was followed and the
degree of robusticity was evaluated with five possible scores (1a, 1b, 1c,
2 or 3) for each enthesis (Mariotti 2004 e 2007) and values higher than 2
were considered enthesopathies in the present study.

Particular attention was also given to dental health markers,
including caries, periapical defects, periodontal disease, and occlusal
wear. Caries and occlusal wear were assessed following the standards
outlined by Ubelaker and Buikstra (1994) and Hillson (2001). Peri-
odontal lesions are defined by Clarke (1986) as generalized horizontal
loss of crestal bone attributable to inflammatory responses and their
collection considered the bias represent by dental wear and dental
eruption. Periapical defects included abscesses, cysts, and granulomas,
which were grouped into the same category due to their similar for-
mation processes and symptomatology. These are defined as lytic lesions
located near the alveolus on the mandible and maxilla (Cucina et al.,
2006). Calculus was scored following the standard proposed by Dobney
and Brothwell (1987). Only absence or presence was recorded for all
lesions, when observable.

To facilitate epidemiological statistical analyses (Chi-square, Fisher’s
test, ANOVA, Mann-Whitney), the sample was stratified into the
following age categories: 01-12, 13-20, 21-30, 31-45, 46-60, 61-80,
>80 years, Adult ND (non-determinable), subadult ND, and ND. More-
over, the calculation of frequencies and distribution of lesions was
conducted solely on the subsample of individuals among which the le-
sions could be observed. Crude data were preferred to true rates for two
reasons: (1) to enable comparison with existing literature, and (2) to
minimize the influence of the state of preservation of the remains on the
interpretation. Presence or absence of a lesion was recorded only for
skeletons in which the anatomical location where the lesion would
appear was preserved.

Conventional radiographs of the UC sample were acquired at the
Laboratory of Forensic Anthropology and Odontology (LABANOF),
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while the ones of CN sample were captured on-site (in proximity to the
excavation site) using a portable X-ray instrument (Poskom PXM-40BT)
combined with a digital detector (X-DR L WiFi) and then acquired using
the Examion® software. The same technical parameters (50 kV and 4
mAs) were used for both samples. Radiographs were obtained for 18
individuals from the CN sample (selected for their state of conservation
of long bones with at least one long bone complete), and all 50 in-
dividuals of the UC sample.

3. Results
3.1. Contrada Nevola sample

Regarding skeletal preservation, the skeletons of CN exhibited a
considerable degree of taphonomic damage, with integrity being the
aspect most severely affected (Fig. 2).

Biological sex could not be estimated for an important portion of the
individuals (n = 23/60, 38 %), while the remaining sample displayed a
higher frequency of males (n = 22/37, 60 %) than females (n = 15/37,
40 %). Females demonstrated a notably higher average age-at-death
(with most individuals aged 46-60 years) than males (mostly aged
21-45 years), although estimation was not feasible for 38 % of the
skeletons (Fig. 3). Despite the differences in age-at-death between sexes,
these were not statistically validated by the ANOVA test (p > 0.05).
Therefore, no significant correlation exists between the two variables
(sex and age). Females exhibited a significantly lower mean stature
(160.37 cm) than males (170.41 cm) (Mann-Whitney, p = 0.01758).

Dental diseases, including caries, periapical defects, and periodontal
disease, were the most frequent pathological condition (n = 25/60, 41
%), followed by non-specific infections (n = 3/60, 5 %) and metabolic
diseases, specifically diabetes (n = 1, 1.6 %). Dental wear was observed
among 42.8 % of the population (n = 18/42). Enamel hypoplasia was
observed in 30.9 % of individuals with at least one tooth present, with
males exhibiting a higher prevalence than females. Individuals showed
EH defects dated from birth to 6th years of life with a peak of frequency
between 3 and 4 years of age (n = 8/13, 61 %). Harris lines were
identified in 22 % of the sample, with a greater frequency among males
(Table 1). Individuals with HLs were distributed in two age ranges:
31-45 years (n = 2/4) and 46-60 years (n = 2/4). The formation of the
lesions was dated between birth and 12th years of age and the peak of
frequency was found in 7-8 years (n = 2/4) range and 11-12 years range
(n = 2/4). Cribriotic lesions were present in 24.1 % of the population,
with a higher incidence among males (Table 1). Cribra orbitalia and
porotic hyperostosis were equally distributed (n = 3/7, 37.5 %), while
28.5 % of individuals exhibited cribra femoralia (n = 2/7). Among me-
chanical stress markers, entheseal changes were the most frequent,
followed by Schmorl nodes, ante-mortem trauma, and osteoarthrosis
(Table 1).

Milano (UC sample)

*

16%

14%

50-75% W >75%

Fig. 2. State of preservation of UC and CN samples.
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Table 1
Stress markers distribution in the CN sample (n present/ n observable and %).
CL EH HL OA SN AM EC
Males 5/17, 9/20, 3/ 2/22, 6/13, 8/22, 14/21
(29.4 (45 %) 13, 9 %) (46 %) (36.3 (66.6
%) @3 %) %)
%)
Females 2/11, 4/15, 1/5, 4/15, 2/10, 0/15 4/13,
(18 %) (26.6 (20 (26.6 (20 %) (30.7
%) %) %) %)
ND 0/1 0/7 0/0 0/23 0/0 0/23 2/4,
(50 %)
Total 7/29, 13/42, 4/ 6/60, 8/23, 8/60, 20/38,
(24.1 (30.9 18, (10 %) (34.7 (13.3 (52.6
%) %) 22 %) %) %)

%)

3.2. Milan sample

The sample exhibited better preservation compared to the CN sam-
ple, as the skeletons from the Milan necropolis demonstrated better bone
quality, quantity, and integrity (Bello et al., 2006; Biehler-Gomez et al.,
2022) (Fig. 2).

The sample comprised 25 females and 25 males. The peak age-at-
death for women fell within the 21-30 years range (n = 10/25, 40 %),
whereas for men it occurred in the 31-45 years range (n = 14/25, 56 %)
(Fig. 3). The mean statures corresponded to 157.06 cm for females and
168.7 cm for males. Similar to the CN sample, dental diseases (including
caries and periapical defects) were the most frequent pathological
condition (n = 34/50, 68 %), followed by non-specific infections (n = 3/

50, 6 %), specific infections (n = 3/50, 6 %), and metabolic diseases (n =
1/50, 2 %). Enamel hypoplasia was present in 36 % of individuals, with
males exhibiting a higher frequency than females (Table 2). The age of
formation of EH was comprehended between the 1st and the 7th year of
life, with a peak of frequency between the 4th and the 5th year of age (n
= 17/17 individuals with EH, 100 %). Harris lines were slightly more
frequent among females than males (Table 2). In the sample, the age of
formation of the defects was estimated from birth to the 13th year of age,
with a peak of frequency between 7th and 10th year of age (n = 9/19,
47.3 %). Cribriotic lesions were most frequent in males and the most
common condition was femoral cribra (n = 10/18 lesions, 55.5 %;
orbital: n = 7/18 lesions, 38,8%; humeral: n = 1/18 lesions, 5,5%).
Entheseal changes and dental wear were equally distributed in the
sample. Schmorl’s nodes were present in 50 % of the sample, ante-
mortem trauma in 32 %, and osteoarthrosis in 36 % (Table 2).

4. Discussion

In the CN sample, males outnumbered females (22 to 15), a trend
potentially stemming from selective conservation practices. In fact,

Table 2
Stress markers distribution in the UC sample (n present/ n observable and %).
CL EH HL OA SN AM EC
Males 9/25 11/25 9/25 14/25 17/25 13/25 16/25
(36 %) (44 %) (36 %) (56 %) (68 %) (52 %) (64 %)
Females 5/25 7/25 10/25 4/25 8/25 3/25 15/25
(20 %) (28 %) (40 %) (16 %) (32 %) (12 %) (60 %)
Total 12/50 18/50 19/50 18/50 25/50 16/50 31/50
24 %) (36 %) (38 %) (36 %) (50 %) (32 %) (62 %)
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female skeletons appear to be less resistant to taphonomic alterations in
both samples, resulting in comparatively lower state of preservation
(Biehler-Gomez et al., 2022). The individuals present in the CN ne-
cropolis were less well-preserved compared to the UC sample in terms of
quality, quantity, and integrity (Fig. 2). This difference was considered
as it may affect the comparability between the two samples. In addition
to the limitation related to the state of conservation, a further limitation
of the research lies in the sampling choices. The comparability between
the two sites is influenced by the geographical distance between the two
necropolises, so the differences recorded may not be strictly indicative of
the rural or urban environment, but of the different geographical and
environmental contexts. This bias will be minimized by the contextu-
alization of the two sites (i.e., historical sources and previous studies),
highlighting aspects related to urbanization, and the comparison with
other contemporary sites. Indeed, the differences in lifestyle observed
between the two sites can be attributed to the dichotomy of the settle-
ment model only when there is a comparison with historical documen-
tation and published studies, in order to avoid the bias associated with
the distance between the two sites from affecting the interpretation. The
necropolises under study do not exhibit a marked social stratification
based on grave goods or topographical distribution. While it is not
possible to propose CN and UC as stereotypes of the city and the coun-
tryside, it is nonetheless reasonable to identify the chosen samples as
representative of Milan and Corinaldo. The comparison between the two
sites proceeds independently of their settlement nature; however, the
particular characteristics of the two contexts may be attributed to an
urban or rural model, depending on how well these elements adapt to
their historical characterization. Furthermore, given the characteristics
of the necropolises, it can be assumed that the sample is homogeneous
and thus capable of representing a stereotype of both the rural and urban
worlds.

A. Mortality

Females from CN were collocated in higher age-at-death groups than
males, although this difference was not statistically significant (ANOVA,
p = 0.5352), whereas the trend was reversed in urban Milan. As sup-
ported by historical (Cicerone, Epistulae ad familiars, VI, 18,2; Plinio il
Giovane, Epistulae, IV, 21; Plutarco, Vita di Silla, 33) and epigraphical
sources (CIL III 3572; CIL III 2267) (Challet, 2017; Rouselle, 1990, p.
319), the discrepancy observed in UC samples between males and fe-
males might be attributed to a higher female mortality from birth
complications. The differences in age-at-death between the women of
CN and UC (Fig. 2) might be related to their different lifestyles. In fact,
rural environments were described as healthier than urban ones by
ancient sources (Plinio il Vecchio, Epistolae, 2.17). In particular, they
described them as less exposed to risks of infections (propagated by
crowding and public baths) and lead intoxication (from lead-containing
pipes and cosmetics), than urban ones (Mitchell, 2017; Reddy and
Braun, 2010; Stewart, 2019). In contrast, small rural centers (vicus and
pagi) might have lacked certain urban amenities, such as baths, lead
pipes, and cosmetic trade (Fiorin et al., 2023), mitigating the “urban
graveyard effect” (Redfern et al., 2015). Women in rural areas were
likely engaged in agricultural activities, minimizing exposure to indoor
occupational hazards related to cities (Treggiari, 1979, 1975).
Conversely, men in rural settings were more susceptible to accidents
associated with occupational tasks (Paine et al., 2009), potentially
explaining the observed differences compared to Milan. These factors
might have adversely affected the health of women in the UC sample,
thereby resulting in a difference in age-at-death compared to their rural
counterpart.

B. Non-specific infections

Non-specific infections were reported in both contexts, albeit with
qualitative differences. The CN sample exhibited forms of meningitis
and upper respiratory tract infections (n = 3/60, 5 %), while intratho-
racic and localized infections were found in Milan (n = 3/50, 6 %). This
result appears anomalous because, in comparison with other European
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contexts, intrathoracic and upper respiratory tract infections were
typically correlated with urbanization (Casna et al., 2023), due to the
pollution and overcrowding. Given the context under investigation, it
would be erroneous to correlate upper respiratory tract infections with
modern environmental pollution; therefore, the presence of this pa-
thology in a rural setting cannot be considered unexpected. On the
contrary, the presence of infections related to overcrowding, as docu-
mented by historical sources, may be related to urban lifestyles (Mar-
ziale, Epigramma XII, 57; Zosimo, II, 35; Codex Iustinianus, VII, 10, 12).
The low frequency of these pathologies may be attributed to poor
preservation of periosteal reaction and the high acute mortality rate
associated with certain infections. Due to the low incidence of in-
fections, the suggested interpretations should be considered
hypothetical.

Non-specific periostitis on tibiae yielded general insights into life-
style and might be related to various factors such as trauma, micro-
trauma, diet, or infections (Klaus, 2014; Moen et al., 2009). Although
not significant (Fisher’s test, p = 0.119), the lesion was observed in
higher frequencies among UC individuals (n = 12/50, 24 %) compared
to the CN sample (n = 6/60, 10 %). This result could suggest a variability
in habits, infections, and diet in the two contexts. Firstly, the difference
could be related to the induments. In fact, wearing caligae could comport
a constriction of the calf, impeding vascularization and muscle function
and leading to inflammation of the periosteum (De Franciscis, 1939;
Drummond, 1993). Additionally, walking on hard pavements may exert
pressure on the foot and calf muscles, affecting the entire motor system
(Moen et al., 2009). Non-specific infections can also contribute to
periosteal inflammation, eliciting a systemic response in the body (Lewis
and Roberts, 1997). More recently, a correlation with diet, particularly
vitamin B3 deficiency, has been suggested (Brenton and Paine, 2007,
2005). This distribution could be associated with the widespread prev-
alence of infectious diseases, nutritional deficiencies, or with a different
wardrobe in urban settings.

C. Oral hygiene and diet

Calculus exhibited a higher frequency in the urban sample (n = 22/
50, 42 %) compared to the rural one (n = 11/42, 26 %). Considering the
difference in state of preservation of the remains between the two
contexts, and consequently the potential recovery of dental calculus, this
result was expected. However, this discrepancy could also be attributed
to differences in dietary habits and oral hygiene (Bondioli et al., 2016).
To contextualize these results, the site of Suasa, a municipium located 10
km from the CN necropolis, reported a frequency of 95 % (Bonfiglioli
etal., 2003). This indicated a marked difference compared to the nearby
CN, and, despite different distributions, a greater affinity with the urban
site of UC. This suggested that urban environments might be charac-
terized by either a lower attention to oral hygiene, or differences in diet
and carbohydrates consumption. This trend contrasts with the findings
of Manzi (1999), who observed a higher frequency of calculus in rural
sites. Nonetheless, the lower frequency in the CN sample might be
attributed to the poorer state of preservation of the skeletons compared
to those from UC. In fact, calculus, being composed of alkaline sub-
stances, could be susceptible to deterioration in acidic soil conditions.

In the UC sample, males (n = 15/25, 71 %) exhibited a higher fre-
quency of calculus than females (n = 6/25, 29 %), whereas this differ-
ence was less pronounced in the rural context (males: 6/20, 30 %;
females: 4/15, 26.6 %; ND: 1/7, 14.2 %). This might indicate an equi-
table access to food and oral hygiene in the CN sample, as also observed
in the nearby municipium of Suasa (Bonfiglioli et al., 2003). The actual
(and great) consumption of carbohydrates in Roman period has been
attested in historical and archeological sources. In fact, previous
research on individuals from the UC sample identified traces of cereals
(barley, rye, spelt, wheat) and legumes (lentils) in calculus (Mattia et al.,
2021), while historical sources (Catone, De Agricultura; Varrone, De Re
Rustica; Columella, De Re Rustica; Plinio il Vecchio, Naturalis Historia;
Petronio, Satyricon; Apicio, De Re Coquinaria) suggested that cereals



C. Moro et al.

and minor cereals were equally present in Roman Milan, with a balanced
ratio between C3 and C4 plants (Delgado et al., 2017). One of the well-
known recipes was, in fact, cereal-based (e.g. puls) (Baldoni et al.,
2020, 2020; Belcastro et al., 2007; De Angelis et al., 2020; Mattia et al.,
2021). However, cereals, while providing daily caloric intake, were rich
in phytates, an anti-nutritional substance that impede the absorption of
minerals such as magnesium, zinc, calcium, and iron (Cucina et al.,
2006). This is also true for the Marche region, where the CN sample is
located. Indeed, Pliny the Elder identified the Piceno region (Regio V) as
the birthplace of spelt (Bonfiglioli and Belcastro, 2010). Historical
sources and previous research indicated widespread consumption of
various cereals in the Marche region with (potentially) a prevalence of
spelt and C4 plants (Carra, 2010). The consumption of cereals was
widespread throughout Roman Italy, with qualitative differences that
may only be potentially discernible through the analysis of calculus in
the CN sample, which has not yet been undertaken. Another important
diet component is the legumes, which were consumed both in Milan and
the Marche region (Suasa). Lentils were the most consumed legume in
Mediolanum while grass peas were frequently found in Suasa (Carra,
2010; Mattia et al., 2021). Grass pea (L. sativus) is high in protein but
also contained a neurotoxin (p-N-Oxalyl-L-a,p-diaminopropionic acid)
that can cause lower limb paralysis, with the risk dependent on the
quantity consumed and climatic conditions (Rao et al., 1964).

Despite being statistically non-significant (Fisher’s test, p = 1), fe-
males in the CN sample exhibited a higher frequency of caries (n = 6/
15, 40 %) compared to males (6/20, 30 %). This trend could be attrib-
uted to physiological predisposition (menstrual cycle and hormonal
fluctuations) or lifestyle factors (Hillson, 2008, p. 315). For example,
women were often more involved in food preparation, which could
entail prolonged exposure to raw materials and increased risk to develop
caries (Bonfiglioli et al., 2003). In both samples, carious lesions were
more frequent among older individuals due to their progressive nature.
Most lesions were found in the lower and posterior dentition, consistent
with patterns observed in other Italian populations (Belcastro et al.,
2007; Bonfiglioli et al., 2003; Bonfiglioli and Belcastro, 2010). This
distribution was attributed to increased food accumulation during
mastication in the posterior dentition, coupled with the difficulty of
cleaning this area, resulting in a higher concentration of caries. UC
exhibited a higher prevalence of caries (n = 20/50, 41 %) compared to
individuals from CN (n = 13/42, 31 %), although this rural-urban
disparity was not consistently observed across the peninsula (Bonfiglioli
et al.,, 2003; Catalano et al., 2010a; Manzi et al., 1999; Sepio and
Marsden, 2015).

Females in CN showed a higher frequency of periapical lesions
(females: 4/15, 26.6 %; males: 5/22 22.7 %), as did females in the UC
sample (females: 2/25, 8 %; males: 1/25, 4 %), although not significant
(Fisher’s test, CN p = 1, UC p = 0.54). Differences in the distribution of
periapical lesions were not consistent between rural and urban sites in
Italy (Bonfiglioli and Belcastro, 2010) but the discrepancy between UC
(n=3/50, 6 %) and CN (n = 9/60, 15 %) samples could be influenced by
the state of preservation of bones, as periapical lesions are visible on
bones, which tend to be less well-preserved than teeth.

Periapical lesions were more frequent in rural sample while,
conversely, calculus and caries were observed mostly in urban sample.
Although not marked enough to be significant (Fisher’s test for peri-
apical lesions, p = 0.21; calculus, p = 0.29; caries, p = 0.39), these results
suggested a difference in diet and oral hygiene between the two con-
texts. In Milan, diet could have been richer in carbohydrates or more
unbalanced than at Corinaldo. At first glance, the greater presence of
calculus in the UC sample may indicate a greater neglect in oral hygiene.
However, several factors should be considered, including the tapho-
nomic alteration of calculus and the higher frequency of periapical le-
sions in the rural sample. Moreover, traces of xylem were found in dental
calculus in a previous study on the UC sample, probably used for tooth
brushing (Mattia et al., 2021). Hence, this practice could have prevented
the formation of periapical disease in the urban context. It should also be
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noted that Romans were cognizant of the importance of oral hygiene, as
recorded by trepanation procedures for dental cleaning (Guerini, 1909;
Minozzi and Fornaciari, 2007; Oxilia et al., 2015; Turfa and Becker,
2019, p. 51).

Enamel erosion on posterior teeth has been related to the preparation
of hard and fibrous foods, which requires firm occlusion between the
maxilla and mandible and the use of adductor (temporalis, masseter,
pterygoid) and abductor (lateral pterygoids) muscles (Belcastro et al.,
2007). Among the vegetables found in archaeological contexts were
cauliflower, carrot, spinach, and various fruits and dried fruits such as
melon, watermelon, apple, pear, berries, grapes, walnuts, and hazelnuts
(Baldoni et al., 2020; Fiorin et al., 2023; Rowan, 2017). Local wild plants
were also consumed in Suasa, including poppy, romice, colenzuda herb,
rennet, chickweed, knotweed, field chickweed, dentaria, and wood sorre
(Carra, 2010). Conversely, when related to biting, dental wear on
anterior teeth (incisors, canines) could be considered as a proxy for meat
and fish consumption (Manzi et al., 1999).

Dental wear in both CN and UC samples was homogeneously
distributed along the dentition and between sexes, a result consistent
with reports from the Isernia necropolis (Bonfiglioli et al., 2003).
However, the frequency of dental wear in the CN sample (42 %) was
lower than in the urban sites of Milan (62 %) and Suasa (52.5 %)
(Bonfiglioli and Belcastro, 2010). These differences might be attributed
to variations in masticatory and non-masticatory activities, indicating
discrepancies in occupational and dietarian habits. In fact, in Milan, the
only influence of food consumption could be suggested, while in the
rural necropolis, the pattern of the lesions seems compatible with para-
masticatory activities (such as using the mouth as a “third hand”,
bruxism, and malocclusion) (Bonfiglioli et al., 2004; Colleter et al.,
2023; Foley, 2020; Mahajan, 2019). The CN sample results are consis-
tent with those of the rural necropolis of Casteggio (Cattaneo et al.,
2011), suggesting that para-masticatory activity might be less frequent
in urban sites.

D. Stress during growth: non-mechanical stress markers

Cribriotic lesions in both samples could be related to acquired
anemia, possibly stemming from dietary factors, gastrointestinal dis-
eases, or prolonged lead exposure (Djuric et al., 2008; Hill and Arme-
lagos, 1990; Keenleyside and Panayotova, 2006). Gastrointestinal
disorders, impairing nutrient absorption (Djuric et al., 2008), may be
due to diet (e.g., honey, raw fish, raw meat) and hygiene (Diemert, 2017;
Fairgrieve and Molto, 2000; Mangas-Carrasco and Lopez-Costa, 2021;
Mitchell, 2017). Lead exposure as a potential etiology appears unlikely
given the small and non-significant difference between the CN and UC
samples (Aufderheide et al., 1992; Facchini et al., 2004; Fiorin et al.,
2023). Although possible etiologies for cribriotic lesions, malaria and
thalassemia were excluded based on the absence of cribriotic syndrome
and radiographic evidence (Carlson et al., 1974; Cole and Waldron,
2019; Facchini et al., 2004; Marciniak et al., 2016; Miquel-Feucht et al.,
1999; Marc Fredrick Oxenham and Cavill, 2010; Rivera and Mirazén
Lahr, 2017; Schats, 2021a, 2021b, 2015; Steckel et al., 2002; Walker,
1986; Walker et al., 2009a). Similarly, no other sign evocative of scurvy
were identified in either sample (Brickley and Ives, 2008). Respiratory
infections might have contributed to the development of cribra orbitalia
and porotic hyperostosis (Donnell et al., 2020), as evidenced by the
presence of respiratory diseases in the UC sample.

The CN sample exhibited a slightly lower frequency of cribriotic le-
sions (24 %) compared to UC (28 %), although the difference was not
statistically significant (Fisher’s test, p = 0.7955) (Fig. 4). The distri-
bution of the lesions among the samples suggested a similar exposure to
environmental stress, especially when considering other Italian
necropolises (Cucina et al., 2006; Facchini et al., 2004; Paine et al.,
2009; Salvadei et al., 2001), in which the frequency of cribriotic lesions
spanned from 41 % to 59 %.

Males presented a higher frequency of lesions compared to females in
both the CN (males: 5/17, 29.4 %; females: 2/11, 18 %) and Milan (males:
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Fig. 4. Cribra orbitalia from Contrada Nevola sample (T. 75).

18/25, 72 %; females: 10/25, 40 %) samples, although this difference
was only statistically significant in the urban context (Fisher’s test, p =
0.0045) (Fisher’s test rural sample, p = 0.66). This distribution
concurred with results from the urban site of Urbino (Paine et al., 2009)
but differed from other Italian sites (e.g. Rimini, Ravenna, Lucus Fer-
oniae, and Vallerano) (Cucina et al., 2006; Facchini et al., 2004; Salvadei
et al., 2001). In both contexts, women seemed to be less exposed than
males to environmental stress related to cribriotic lesions. However, this
may fall under the bias of heterogeneous frailty: women without
cribriotic lesions could have suffered the same environmental conditions
of the individual with lesions but their skeleton did not manifest the
signs.

In both CN (n = 13/42, 30.9 %) and UC (n = 18/50, 36 %) samples,
enamel hypoplasia defects were less frequent compared to Suasa (100
%) and other coeval Italian centers (81 %-100 %) (Belcastro et al., 2007;
Bonfiglioli and Belcastro, 2010; Catalano et al., 2010a; Cucina et al.,
2006; Manzi et al., 1999) (Fig. 5). The disparity between UC and CN was
not statistically significant (Fisher’s test, p = 0.66). The similar fre-
quency of the defects could indicate an analogous exposure to envi-
ronmental stress during growth (Larsen, 2002). A discrepancy between
the two sites could be observed in age of formation of the defect. In fact,
in the CN sample, the peak of frequency occurred between 3.1 and 4
years, whereas the Milan sample skewed toward older age groups, with a
peak between 4.1 and 5 years.

The age of formation of EH could offer insights into etiological fac-
tors (Erkman et al., 2022), suggesting a possible correlation with
weaning in the CN sample and with infections in the UC sample. In fact,
newborns were not breastfed in the first hours of life as colostrum was
considered unhealthy (Sorano, Gynecology, 2.17), and weaning typi-
cally commenced around the 6th month of life and continued until the
4th year, as evidenced by historical sources (Challet, 2017) (Sorano,
Gynecology; Galen, Hygene) and isotopic data (Fuller et al., 2006; Prowse
etal., 2008). During weaning, the transitional feeding was characterized
by solid foods and breast milk consumption (Sellen, 2007). Today, those
prescriptions are not recommended for the healthy growth of the or-
ganism; in fact, weaning should start after the first year of life (World
Health Organization, 1998) to guarantee the correct development of the
immune system. Moreover, the transitional food (mainly cereals)
consumed at the time is no longer considered suitable because it can
expose the infant to gastrointestinal infections (Garnsey, 1999; Gio-
vannini, 2010, p. 215). The age at formation in the CN sample could be
related to the conclusion of the weaning process (3.1-4 years), a period
of significant physiological stress, while the high frequency of enamel
hypoplasia defects between 2.1 and 3 years might be associated with

Fig. 5. Enamel hypoplasia on canine (MIUCUS 3350).
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transitional food consumption.

Although not significant (Fisher’s test, CN sample p = 0.312, UC
sample p = 0.3772), males exhibited a higher frequency of enamel hy-
poplasia defects in both urban (males: 11/25, 44 %; females: 7/25, 28 %)
and rural (males: 9/20, 45 %; females: 4/15, 26.6 %) contexts, which is
consistent with the results reported by Manzi (1999). Such distribution
could imply a better lifestyle for females during growth, a period during
which legal equality between sexes was subsistent (Cokayne, 2003;
Dixon, 2001; Fraschetti, 1998; Harlow, 2007; Rawson, 2003). However,
one must consider the bias of heterogeneous frailty, as females may have
died before the manifestation of the defect (Palubeckaite et al., 2002;
Zhou and Corruccini, 1998). Therefore, males in both samples may have
been more exposed to environmental stressors than their female coun-
terparts, though studies have shown that females may be more resistant
to those stressors (DeWitte, 2018). Importantly, the male body requires
a higher daily caloric intake than that of females (“Scientific Opinion on
Dietary Reference Values for energy,” 2013), thus a diet poor of nutri-
ents could impact females’ and males’ bodies differently.

A significant correlation between cribriotic lesions and enamel hy-
poplasia was observed in the UC sample (Fisher’s test, p = 0.0053), but
not in the CN sample (p = 0.1723). Thus, there may be a plausible
overlap of etiology in the urban sample, potentially linked to malnu-
trition during weaning or exposure to pathogens (Donnell et al., 2020;
Goodman and Rose, 1990; Kozak and Krenz-Niedbata, 2002; Obertova
and Thurzo, 2008; Turbon et al., 1991; Walker et al., 2009a).

Although Harris lines were more frequent in the UC sample (38 %)
compared to the CN sample (22 %), a statistically significant difference
was not observed (Fisher’s test, p = 0.261). Once again, this discrepancy
may be attributable to the poor preservation state of the CN skeletons.
Additionally, lifestyle factors could contribute to this difference, with
individuals in rural settings potentially experiencing less environmental
stress during growth, owing to a healthier and less densely populated
environment (Primeau et al., 2019). Comprehensive investigations into
HL during the Roman period are scarce, with one notable comparison
being the Spanish site of Plat de la Riba (3rd-5th AD), where approxi-
mately half (51 %) of individuals exhibited HLs (Berrocal-Zaragoza and
Subira, 2008).

Males displayed a higher frequency of HLs (n = 3/13, 23 %) than
females (n = 1/5, 2 %) in the CN sample (Fisher’s test, p = 1), whereas
the opposite trend was observed in the UC sample (females: 10/25, 40 %;
males: 9/25, 36 %) (p = 1), though no significant difference was found in
either sample. Additionally, it should be noted that females in the CN
sample were older than males, suggesting possible remodeling of HLs
(Boucherie et al., 2017; Garn and Schwager, 1967; Grolleau-Raoux et al.,
1997; Hummert and Van Gerven, 1985). Conversely, urban contexts did
not exhibit clear sexual differences, indicating exposure to similar
environmental factors.

The age at which HLs formed slightly differed between the two
samples, with the peak frequency in the CN sample occurring between
7-8 years and 11-12 years, while in the UC sample, it ranged from 7-10
years. This distribution could be related to environmental stressors, such
as infections, malnutrition, and trauma, or may be due to bone growth
(Ameen et al., 2005; Boucherie et al., 2017; Papageorgopoulou et al.,
2011; Piontek et al., 2001).

Stature, a trait influenced by environmental factors, could reflect the
context of origin. Environmental stressors might affect bone growth and
stature despite strong hereditary determinants (Marciniak et al., 2021;
Steckel et al., 2002). Hence, the higher average stature observed in the
CN population suggested better nutritional resources and microclimatic
conditions compared to urban Milan. Moreover, nearby urban contexts
such as Suasa and Urbino exhibited lower mean stature values than the
CN sample (Giannotti, 2010; Paine et al., 2009), laying support to the
aforementioned hypothesis.

E. Occupational activity: mechanical stress markers
In the CN sample, ante-mortem traumatic injuries (n = 8/60, 13.3
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%) were only detected among males, while in the UC sample, the fre-
quency doubled (n = 16/50, 32 %), and were found in both females (n =
3/25, 12 %) and males (n = 13/25, 52 %). The age-of-death of 3 out of 8
individuals (37 %) with AM in the CN sample fell in the 21-30 years age
range. In UC sample, the peak of frequency was found in the 31-45 years
(n = 6/16, 37.5 %) and 46-60 years ranges (n = 6/16, 37.5 %). This
result was consistent with the hypothesized lifestyle of the individuals
under analysis: in rural areas, young men were more likely to be
involved in agricultural activities, which increased the likelihood of
accidental fractures. In particular, one case of injury recidivism (T.18)
was recorded in the rural sample, which is evocative of his lifestyle as it
can be related to repeated accidents (Biehler-Gomez et al., 2023; Judd,
2002). In urban environments, however, both males and females were
engaged in artisanal activities, and older individuals generally face a
higher risk of injury (Gilmour et al., 2015).

Injuries in lower limbs in CN sample (48 %) (as the fractures
observed in skeletons T.5 and T.6) could be related to farm activities
(Bjornstig et al., 1991; Brasili et al., 2004; Catalano et al., 2010b; Grauer
and Roberts, 1996; Judd and Roberts, 1999; Paine et al., 2009). In urban
contexts, occupational and/or accidental trauma more frequently affect
the tibiae and thorax (ribs and vertebrae), with a minimal difference
between upper and lower limb injuries (Agnew et al., 2015). This
pattern was partially observed in the UC sample, as lower limbs injuries
(i.e., femur, tibia, fibula, foot bones) (48.5 %) were more frequent than
those to the upper ones (i.e., clavicle, humerus, radius, ulna, hand
bones) (25.9 %). Thoracic injuries were exclusively observed in the UC
sample and might be associated with urban occupational activities, such
as construction and craftsmanship (Agnew et al., 2015; Collier and
Primeau, 2019; Gilmour et al., 2015). The traumatic patterns observed
in the two samples therefore appear to reflect an occupational differ-
ence, related to the distinct professions practiced in rural and urban
environments.

In the CN sample, traumatic injuries were significantly associated
with non-mechanical and mechanical stress markers (Fischer’s test, p =
0.0237). Conversely, in Milan, this correlation was not found (p =
0.1626), but urban individuals were 3.06 times more likely to present
AM trauma than rural ones. This result underscored the connection
between bone trauma and lifestyle in rural and urban sample, although
in a different perspective. In the rural context, AM trauma could be
considered a stress marker related to quotidian lifestyle (e.g., occupation
or activity). In Milan, however, traumatic injuries did not appear to be
related to lifestyle but rather characterized the context in general.

In the CN sample, Schmorl’s nodes were concentrated in the lower-
thoracic and lumbar regions among males (n = 6/13, 46 %), while in
females they were located in the cervical and lower-thoracic areas (n =
2/10, 20 %), suggesting different spinal involvements in daily activities.
Specifically, SN in the lower spine develop in activities involving moving
and lifting weights and can cause intense pain and affect work activities
(Faccia and Williams, 2008). Lesions in cervical portion can be related to
radiculopathy and occur due to occupational activity or physiological
alterations of intervertebral disk (Hammer et al., 2016). Females and
males in rural sample seemed to be involved in different occupational
tasks: men’s activity comported a more strenuous physical activity while
women’s spine was stressed mostly in the cervical area. In the CN
sample, the frequency of SN (n = 8/23, 34.7 %) was lower than in the UC
sample (n = 25/50, 50 %), although this difference was not statistically
significant (Fisher’s test, p = 0.31). In both necropolises, the frequency
of SN was higher in males (CN: 26 %; UC: 34 %) than in females (CN: 8.6
%; UC: 16 %) although the difference was only significant in the urban
sample (Fisher’s test, p = 0.0227). It may be hypothesized that the SN
distribution reflected a clear division of labor in the UC sample, in which
males were more involved in strenuous activity involving the spine.
Conversely, in the rural sample, the sexual disparity seemed to be less
evident, potentially because females were more equally involved in
work tasks (Dar et al., 2010; Paine et al., 2009). It must be noted that the
difference between the two samples could be related to the state of
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preservation of the skeletons, as vertebral bodies in the CN sample were
often obscured by taphonomic alterations.

In the CN population, 52.6 % of the sample exhibited entheso-
pathies (n = 18/38), while the same lesion was recorded in 62 % of UC
individuals (n = 31/50). Although EC were more frequent among males
(n = 14/21, 66.6 %; females: 4/13, 30.7 %) in the CN sample, no sig-
nificant difference was recorded between sexes (Fisher’s test, p = 0.764).
This result was consistent with SN distribution, reflecting a possible
division of labor. In the urban sample, males (n = 16/25, 64 %) and
females (n = 15/25, 60 %) showed a similar distribution, potentially
indicating an equal participation in work activity (though their form
differed). In fact, as reported by historical sources, women in cities
shared the same occupation as their husbands. Therefore, their
involvement in work-related activity could be reflected by EC distribu-
tion. Confronting this trend to SN a more complex context emerged:
women in cities could exercise work mansions (e.g. trade, artisan) but
the more strenuous movement were conducted by men (e.g. carpenter)
as showed by the lesions on their spine.

In the CN sample, upper limbs (n = 16/18, 88.8 %) lesions were
statistically more frequent than in the lower limbs (n = 9/18, 50 %)
(Fisher’s test, p = 0.0275), whereas in Milan, enthesopathies were
evenly distributed across the skeleton. This distribution could reflect a
greater involvement of the upper limbs in rural lifestyle, compatible to
agricultural work, milking, wood cutting and transport (Ustiindag,
2020). Additionally, in the CN sample, evidence of enthesopathies in
metacarpals and phalanges was found, possibly related to occupations
like tailoring, shoemaking, baking, or carpentry (Karakostis et al., 2019,
2017).

In the CN sample, osteoarthrosis was found to be more frequent
among females (n = 4/15; 26.6 %) that males (n = 2/22; 9 %) (Fisher’s
test, p = 0.1985), as also reported in other contexts of the region (Paine
etal., 2009). Conversely, in Milan, an inverse trend was observed (males:
14/25, 56 %; female: 4/25, 16 %). In CN sample, this result could be
related to age-at-death: as already specified, women appear to die at
younger ages that men, contrary to the UC sample. The frequency of
individuals with OA in the CN sample (n = 6/60, 10 %) was lower than
in the UC sample (n = 18/50, 36 %) and other locations in Italy (Baldoni
et al., 2020; Paine et al., 2009; Sepio and Marsden, 2015), likely
attributable to differences in state of preservation of the remains.

The initial hypothesis on the expected differences between rural and
urban lifestyle was partially confirmed by the results. Non-specific in-
fections were slightly more frequent in urban sample but, due to the
absence of a statistical correlation, the initial hypothesis could not be
corroborated. However, this result sheds light on a more multifaceted
phenomenon: the qualitative difference of infections conditions between
urban and rural samples. Regarding the distribution of stress markers,
we observed higher frequencies of these lesions in the urban sample over
the rural one. The interpretation of this trend was enforced by the
comparison with historical sources, contextualizing the difference
observed and proposing a focus on the distribution of the lesions more
than their frequencies. The attention dedicated to the (qualitative)
characteristics of the samples highlighted the complexity of the subject
and showed the potential of focusing on qualitative differences (in
addition to quantitative) to better understand the nuances that differ-
entiate the urban lifestyle from the rural one.

5. Limitations

The first limitation to address pertains to the chronology of the ne-
cropolis under study. While there is evidence of chronological overlap
between the sample from Contrada Nevola and that from Milan during
the 1st to 3rd centuries CE, the necropolis in Milan remained in use until
the 5th century CE, a period characterized by significant trans-
formations linked to the Germanic invasions. This partial chronological
discrepancy may introduce bias and constrain the interpretation of the
results. However, it is important to note that the necropolis of Contrada
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Nevola is currently under investigation, and a more precise chronology
may become available in the coming years.

Another limitation in the study consists in the state of preservation of
the remains, as the two sample showed a different rate of conservation,
and therefore impacted the observability and recording of the lesions, as
well as the interpretation of the results.

6. Conclusions

The state of preservation significantly impacted the examination of
human remains, particularly concerning the rural necropolis. Assessing
the state of preservation (in terms of quantity, quality, and integrity)
supplemented anthropological investigations and interpretations,
rendering more robust the comparisons between different contexts.

Women appeared to die at older ages compared to males in the rural
sample, contrary to the urban context. This result, corroborated by the
frequency of stress markers, may indicate a better lifestyle for women in
rural areas over urban settings. Conversely, males in the rural site under
study seemed to die earlier than their urban counterparts, probably due
to greater exposure to occupational risks. No significant differences in
dental health (calculus, periapical defects, caries) emerged between the
urban and rural contexts: although there might be differences in diet and
oral hygiene, they were not consistently reflected in the present samples.
In addition, a qualitative difference was found as the CN sample was
characterized by the presence of periapical lesions, whereas higher
frequency of caries and calculus were found in the urban UC. By
implementing anthropological analyses with historical sources, the
analysis underlined possible differences in cereal consumption: in the
Marche region, the spelt was cultivated, whereas barley, rye, spelt, and
wheat were attested in Milan at the time.

The analysis of non-mechanical stress markers suggested a slight
difference in lifestyle between the two necropolises: cribriotic lesions,
enamel hypoplasia, and Harris lines were more frequent in urban
environment (though without statistically significant disparities), indi-
cating less stress related to malnutrition and infections. Given the sim-
ilarity between the two samples, the impact of lead exposure in urban
areas may appear to have been minimal. The peak of frequency of the
age of formation of enamel hypoplasia differed between the two sam-
ples: in the rural setting, it may be associated to weaning, whereas in the
urban context, it may be related to different episodes of stress such as
malnutrition or infections. The evaluation of mechanical markers
revealed occupational differences between sexes and between the two
necropolises. In the rural area, evidence of agricultural activities was
found, as indicated by trauma patterns, distribution of entheses, and
non-specific skeletal markers. Furthermore, women appeared to be less
involved (or involved differently) in occupational activities compared to
men. In the urban setting, skeletal lesions (entheseal changes, non-
specific markers, and trauma) suggested involvement in strenuous ac-
tivities such as those related to construction.

This research highlighted the differences between rural and urban
lifestyles in Roman Italy. Here, the topic has been explored through the
integration of various stress markers, across the life course and consid-
ering both mechanical and physiological aspects. This approach has
allowed for a broader overview of both urban and rural worlds in an-
tiquity, investigating a relatively underexplored area of research in Italy.
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