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Abstract

Enamel hypoplasia (EH) is a stress marker commonly used in bioarcheological research to
investigate health during growth. However, its analysis in contemporary samples allows
for additional avenues of research, including comparison with medical records. The aim of
the present research is to explore the influence of biological sex and socioeconomic status
on the distribution of EH and examine the factors that contribute to the development of
this defect. In this perspective, analysis of dentition was conducted on 132 individuals,
with known information about age, biological sex, nationality, medical records, and socioe-
conomic status. Statistical analysis was conducted using Fisher’s test and the chi-square
test. As a result, EH was observed more frequently among individuals from disadvantaged
backgrounds, while a significant association was observed with socioeconomic status, evi-
dencing a strong association between EH presence and structural vulnerability (chi-square,
p = 0.04). The frequency of EH between sexes was not significant; however, a higher fre-
quency was observed among males (chi-square, p = 0.94). We hypothesize that the impact
of female biological buffering might be reduced in the European sample, as this result
aligns with background information of the context. These results align with the research
hypotheses and reinforce the multifactorial etiology of EH.

Keywords: enamel hypoplasia; stress markers; contemporary sample

1. Introduction
“Stress markers” are signs used in bioarcheology to investigate lifestyle, among which

enamel hypoplasia is included. Enamel hypoplasia (EH), defined as a quantitative defect
of dental enamel by the Developmental Defects of Enamel index, is a dental sign denoting
a physiological disruption in enamel formation during amelogenesis due to infections,
nutritional deficiencies, and broader environmental shifts [1–5]. The thickness of the defect
depends on various factors, including the number of active ameloblasts, the amount of
enamel secreted, the duration of ameloblast activity [4], the distance between the hydrox-
yapatite prism and the DEJ (dentin-enamel junction) [6], as well as the severity [7] and
duration of the environmental stress that caused it [8]. This defect manifests as a reduction
in enamel thickness, presenting as grooves (referred to as linear enamel hypoplasia—LEH),
pits, or expanded along the tooth surface [4,8–10] (Figure 1). Perikymata morphology asso-
ciated with hypoplastic defects confirms that EH develops during the process of enamel
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deposition [9]. Specifically, the perikymata of LEH are aligned parallel [11,12], whereas
pitted EH is related to the apoptosis of groups of 10 to 100 ameloblasts, while neighbor-
ing enamel cells continue to secrete matrix, albeit in smaller quantities [9]. Conversely,
expanded EH defects impact the Retzius stria more consistently, resulting in a more evident
sign [9].

Figure 1. Illustration of enamel hypoplasia defects recorded indicated by red arrows.

1.1. Etiology

The etiology of EH is recognized as multifactorial and related to calcium metabolism
and the ARNT pathway (aryl hydrocarbon receptor nuclear translocator) [13–15]. En-
vironmental factors seem to exert a more significant influence on its development than
genetic and epigenetic alterations [4,16]. Prenatal and postnatal environmental shifts
and pathological conditions can equally co-occur in EH formation, e.g., alterations
of oxygen and glucose levels in blood (due to neonatal hypoxia and gestational dia-
betes), infectious diseases (rubella, HIV, chickenpox, measles, mumps, cytomegalovirus,
respiratory infections, medium ear infections, urinary tract infections) [17–21], malnu-
trition [22], and birth characteristics [15,23–25]. Prenatal and perinatal conditions
(e.g., low body weight, respiratory and cardiovascular problems, gastrointestinal and re-
nal disorders, hematological problems, immune deficiencies, intracranial hemorrhages),
as well as birth characteristics (twin birth, podalic position, preterm birth), usually
provoke defects on the deciduous dentition [19,26–33]. Malnutrition can occur dur-
ing intra-uterine life [22,34], and, especially after birth, can be related to gastroin-
testinal infections, parasitic infestations, renal (e.g., nephrotic syndrome) or liver fail-
ure [12,20,32,35,36], socioeconomical conditions [37–41], metabolic condition (e.g., celiac
diseases) [19], and breastfeeding [42–47]. Additionally, the use of amoxicillin and tetracy-
cline [19,48], dioxin [49,50], and iron intoxications [51,52] have been reported in correlation
with EH. Common infant infections, postnatal traumatic injuries (e.g., from laryngoscopy,
orotracheal intubation, maxillary or mandibular trauma), and the mechanical pressure from
deciduous teeth on permanent ones may also disrupt enamel deposition for a short pe-
riod [14,19,31,53,54]. EH, in its most severe forms, can also be related to genetic alterations,
entering the category of Amelogenesis Imperfecta (AI) [54–56].

1.2. Research Hypotheses

This study applies a bioarchaeological approach to the analysis of EH within a con-
temporary clinical sample. The primary objective is to examine the distribution of EH as a
marker of systemic stress in individuals whose medical records and socioeconomic context
are known. Through this comparison, it becomes possible to evaluate the reliability and
limitations of EH as a proxy for early-life stress, especially in contexts where historical or
biographical information is lacking.

Based on prior research [57], two main hypotheses are proposed:
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Hypothesis 1. EH frequency will be higher among individuals from socioeconomically disadvan-
taged backgrounds, regardless of their country of origin [57,58]. This would support the hypothesis
that EH is more closely linked to the biocultural environment during growth and differences in
structural vulnerabilities rather than to biogeographical origin (i.e., genetics and epigenetic factors).
To test this, we investigate correlations between EH presence and childhood socioeconomic status.
This hypothesis is based on the multifactorial etiology of the lesions; therefore, we do not expect to
find a specific factor to be associated with EH, but a sum of them, which could be summarized in the
access to healthcare and food.

Hypothesis 2. No significant sex-based differences in EH distribution are expected, as males and
females in the sample are presumed to have experienced comparable living conditions and have
relatively equal access to resources. However, the study explores whether female biological buffer-
ing [59]—a greater resilience of females to environmental stress—plays a role in the manifestation
of EH. This will be assessed by comparing EH frequency and severity between sexes in light of each
individual’s known contextual background.

2. Materials and Methods
Two distinct samples were considered: the first comprised 91 living individuals who

were examined by one of the authors (CM) for the presence of EH. This assemblage only
included adult volunteers willing to take part in the analysis. The second sample consisted
of 41 cadavers (10 females and 31 males) subjected to autopsy between May and November
2023 at the Institute of Legal Medicine of Milan (Table 1); EH was observed by two authors
(CM, GL). The following information was obtained for all individuals: biological sex, age,
nationality, and socioeconomic status (with three possible answers: low, middle, high).
For three individuals, the exact age could not be obtained, and therefore, they were excluded
from the age-based evaluation of the EH. The criteria for the selection of the sample were
the following: presence of a complete dentition (with the exclusion of the third molar) and
known medical history, even if partial.

Table 1. Distribution of individuals in the sample with EH defects according to age categories,
biological sex, and biogeographical origin.

Cadavers Living Individuals Total Sample

Males Females Total Males Females Total Males Females Total

EH+ EH− EH+ EH− EH+ EH− EH+ EH− EH+ EH− EH+ EH− EH+ EH− EH+ EH− EH+ EH−

13–20 0 1 0 1 0 2 0 4 0 6 0 10 0 5 0 7 0 12

21–30 3 2 0 1 3 3 1 12 3 35 4 47 4 14 3 36 7 50

31–45 2 3 1 2 3 5 0 2 0 1 0 3 2 5 1 3 3 8

46–60 3 11 1 2 4 13 0 10 0 9 0 19 3 21 1 2 4 32

61–80 0 3 0 0 0 3 0 4 0 4 0 8 0 7 0 0 0 11

>80 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1

Adult
ND 1 2 0 1 1 3 0 0 0 0 0 0 1 2 0 1 1 3

Total 9 21 2 8 11 30 1 32 3 55 4 87 9 54 5 50 15 117

Males Females Total Males Females Total Males Females Total

EU 3 18 1 5 4 23 1 33 3 58 4 87 4 51 4 63 8 110

NEU 6 4 1 3 7 7 0 0 0 0 0 0 6 4 1 3 7 7

EH+, with enamel hypoplasia. EH−, without enamel hypoplasia. EU, European-born. NEU, non-European-born.

Data collection was performed in accordance with ethical standards of the institutional
and national research committee and with the Helsinki declaration (1964). Also, data
acquired on cadavers were obtained during a forensic judicial investigation, in accordance
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with the Italian Police Mortuary Regulation. The data collected are part of the standard
procedures of juridical autopsies, and informed consent was not required. All methods
were performed in accordance with Italian law, institutional guidelines, and regulations.
The approval from the ethical committee was obtained (UMIL 92/14, UMIL 63/22). To en-
sure anonymization, the individuals were recorded with alphanumeric values, and no
other identifying elements were requested or kept by the authors.

Prior to examination, each tooth was cleaned with a toothbrush, and, in the case
of the cadaver sample, no teeth were extracted. For this study, only permanent teeth
were analyzed, and all dentition was observed macroscopically. Recorded data included
the presence/absence of EH, observability on the dentition, morphology (linear, pitted,
and expanded), and location.

The questionnaire was structured as a series of closed dichotomous questions regard-
ing the participants’ medical history, with spaces provided for further specifications [60].
Questions regarding health status and lifestyle pertained to the period between birth and
the 16th year of age (during the period of amelogenesis) to facilitate etiological evaluation
of EH.

Information requested from all individuals included biological sex, date of birth
or age, nationality (grouped in the present study in two broad categories as European
(EU) or non-European (non-EU); place of birth was considered as a proxy for biogeo-
graphical origin and its genetic ancestry), economic level (with three possible answers
based on annual income: high, if higher than 51.000 euros/year; middle, when included
between 25.500–51.000 euros/years; or low, if lower than 25.500 euros/year), medical his-
tory (number and reasons for hospitalizations, frequency of dental appointments, medi-
cation and vaccines), potential conditions during intrauterine life, characteristics at birth
(birth order, weight at birth, potential neonatal hypoxia, cesarean delivery, abruptio pla-
centae, preterm birth) and breastfeeding (duration, supplements), metabolic disorders
and nutritional deficiencies (diabetes, scurvy, rickets, malnutrition, calcium deficiency,
vitamin C deficiency, food poisoning), other diseases (caries, fluorosis, respiratory disease,
blood and vascular disease), trauma on mandibular or maxillary bones, infections (respi-
ratory infections, rubella, chickenpox). Additionally, information regarding the mother’s
age at childbirth, nationality, habits, and pregnancy-related pathologies (e.g., smoking,
alcohol abuse, gestational diabetes, gestational undernutrition, other problems during
pregnancy) was collected. All the information collected referred to the period of dental
enamel formation.

Statistical Analyses

Fisher’s test and chi-square test were performed to investigate the relationship between
EH, biological sex, socioeconomical status, and etiological factors. All frequencies were
obtained through crude data. Statistical analyses were performed using JASP® software
(version 0.19.1).

3. Results
The demographic composition of the study sample is detailed in Table 1. Unless

otherwise specified, the results presented below refer to the entire sample, which includes
both deceased and living individuals.

EH was observed in 15 individuals (11.3% of the total sample), including 5 females
(3.8% of the total sample; 7.9% of females) and 10 males (7.6% of the total sample; 18.5% of
males) (Chi-square, p = 0.94). Among the non-European individuals (n = 14), 50% (n = 7)
exhibited EH. Of these, 14.2% were female (n = 1) and 85.8% were male (n = 6). In contrast,
the frequency of EH in the European group was 7.3% (n = 8), with an equal distribution
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between sexes (females: 50%, n = 4; males: 50%, n = 4). Excluding the adults for whom
a specific age category could not be determined (“adults ND”), the highest frequency
of EH was observed in the 31–45 age group (n = 3, 27%). No EH defects were found
in individuals aged 13–20 or over 60. Qualitative assessment revealed that the majority
of defects were LEH, present in 14 individuals (93.3%). Pitting defects were observed
in 5 individuals (33.3%), chromatic alterations (i.e., hypocalcification and fluorosis) in
8 individuals (53.3%), and expanded hypoplasia in 2 individuals (13.3%). EH distribution
across the dentition was not uniform. A greater frequency was observed in the upper
dentition (58%, n = 52/88 affected teeth), particularly among maxillary central incisors
(35.2%, n = 18/52). In the lower dentition, EH was equally distributed between mandibular
central incisors and canines (each 25%, n = 9/36).

Among the various biogeographical and medical variables examined through ques-
tionnaires, only socioeconomic status showed a statistically significant correlation with the
presence of EH (Table 2).

Table 2. Results of the questionnaires and statistical analyses.

EH+ EH− p-Value

Economic level

Low 5/11 18/100 0.04

Middle 5/11 71/100 0.09

High 1/11 11/100 1

Unknown 4/15 17/117

Information about mother

Age at childbirth

20–25 0/4 12/86 1

26–30 1/4 37/86 0.63

31–35 3/4 21/86 0.05

36–40 0/4 16/86 1

Unknown 11/15 31/117

Nationality

Europeans 5/5 84/86 1

Non-Europeans 0/5 2/86 1

Unknown 5/5 31/117

Medical history

Medication and vaccines 5/5 84/86 1

Frequent dental appointments

Yes 4/5 65/89 1

No 1/5 24/89 1

Hospitalizations

yes 2/5 60/89 0.33

No 3/5 29/89 0.33

Unknown 10/15 31/117
28/117
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Table 2. Cont.

EH+ EH− p-Value

Mother’s health and habits

Smoking 0/4 7/87 1

Alcohol abuse 0/4 0/87 1

Gestational diabetes 1/4 2/87 0.12

Gestational undernutrition 0/4 2/87 1

Other problems during pregnancy 0/4 14/87 1

Unknown 11/15 30/117

Characteristics at birth

Birth order

First 4/4 52/87 0.29

Second 0/4 27/87 0.31

Other 0/4 8/87 1

Weight (g)

<1500 0/4 0/81 1

1500–2500 0/4 9/81 1

2500–3500 4/4 53/81 0.29

3500–4500 0/4 18/81 0.57

4500–5100 0/4 1/81 1

Neonatal hypoxia 0/4 4/86 1

Cesarean delivery 0/4 26/81 0.30

Other complications 0/4 5/86 1

Problems during pregnancy 0/4 2/86 1

Abruptio placentae 0/4 1/86 1

Preterm birth 0/4 11/81 1

Unknown 11/15
30/117
36/117
31/117

Health status

Weaning

Before 12 months 4/4 70/82 1

After 12 months 0/4 12/82 1

Supplements 1/4 4/82 0.25

Diabetes 0/4 2/86 1

Scurvy 0/4 0/86 1

Rickets 0/4 0/86 1

Metabolic diseases 0/4 2/86 1

Malnutrition 0/4 0/86 1

Caries 2/4 46/86 1

Calcium deficiency 0/4 2/86 1



Heritage 2025, 8, 420 7 of 16

Table 2. Cont.

EH+ EH− p-Value

Asthma 1/4 12/86 0.47

Trauma to the mandibular or maxillary bones 1/4 11/86 0.44

Vitamin C deficiency 0/4 2/86 1

Fluorosis 0/4 2/86 1

Chickenpox 3/4 79/86 0.31

Rubella 1/4 24/86 1

Other infections 4/4 53/86 0.29

Vascular diseases 0/4 3/86 1

Unknown 11/15 35/117
31/117

EH+, with enamel hypoplasia. EH−, without enamel hypoplasia.

4. Discussion
4.1. Socioeconomical Status and Etiological Factors

The data derived from the questionnaires were limited, particularly for deceased
individuals, for whom only demographic data were generally available. A complete
medical history could only be reconstructed for living participants. As a result, the number
of individuals with EH in certain subcategories was too low for robust statistical analysis.

4.1.1. Socioeconomic Status

Among all variables derived from the questionnaires, only annual family income showed
a statistically significant correlation with EH. Specifically, individuals with a low family income
during growth were significantly more likely to exhibit EH (Fisher’s test, p = 0.05). This sug-
gests that socioeconomic status acts as a proxy for a complex array of stressors—including
limited access to healthcare, malnutrition, and hygiene—that influence EH development.
However, this result does not imply that low income alone causes EH. Rather, it reflects the
broader effects of poverty on early-life health. This has two important implications: first,
EH may serve as an indicator of an individual’s socioeconomic condition in the contemporary
sample; second, the multifactorial etiology of EH is reinforced, as no consistent correlations
were found with other individual variables. Nearly half (45.4%) of individuals in the middle-
income bracket displayed at least one EH defect, but this finding did not reach statistical
significance. This is probably related to the relatively stable living conditions typical of this in-
come group in the European context [34,39,41,45,46,61–66]. In the case of individuals subjected
to autopsy, low annual income may indicate early exposure to socioeconomic disadvantage,
including limited access to healthcare and adequate nutrition. Nevertheless, the correlation
between annual income and EH is not unequivocal [10,67,68], and comparisons with other
studies should be approached with caution, as income threshold and reporting standards vary
widely. Therefore, the correlation with EH and socioeconomic status is statistically supported,
and this result confirms the first hypothesis.

The investigation of the context of origin of the individuals can be difficult, especially
for an assemblage characterized by individual mobility, as is the one under analysis. For the
living individuals, information about this variable was easily collected. However, for the
cadavers, the reconstruction of the context of origin and growth was extrapolated from
the nationality (i.e., place of birth, declared nationality on ID card). This represents a
clear bias due to the lack of direct data about the individuals’ experience. To mitigate
this limit, the grouping criteria were limited to two categories (EU, non-EU) and were
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based on the composition of the sample itself, and current data on GDP were considered
to provide a socioeconomic contextualization. Nonetheless, and in spite of these efforts,
the interpretation of the results based on the nationality of the individuals must be cautious,
especially given the low frequency of non-EU individuals. The findings (significantly higher
frequency of EH among non-EU individuals, Fisher’s test, p = 0.01) align with previous
research by Goodman [37]. However, the association between EH and biogeographical
origin cannot be ascertained due to the small sample size and lack of complete information.

4.1.2. Maternal Health

Regarding maternal demographic variables, only age at childbirth between 31 and 35 years
approached significance (p-value = 0.05), consistent with other studies [31,62,64,69–72]. This is
likely due to the demographic characteristics of the sample and coincides with the typical
reproductive age range. Based on questionnaire responses, no instances of deprivation were
reported. In the contemporary era, it is plausible that these women received prenatal care,
mitigating potential nutritional or health-related risks, as they would have been granted access
to health services guaranteed by the State.

None of the variables regarding the mother’s health status during pregnancy appeared
to influence the occurrence of EH in newborns (Table 2). None of the mothers of the
individuals with EH disclosed the consumption of alcohol or smoking cigarettes during
pregnancy and breastfeeding, although exposure to passive smoke from external sources
cannot be strictly ruled out [51]. Cigarette smoke exposure poses risks to the health of
the child, increasing the likelihood of respiratory infections and directly impacting the
formation of EH by impeding ameloblast activity [51]. No other instances of stress during
gestation were reported.

4.1.3. Access to Healthcare

All individuals with EH had received standard vaccinations in Italy and had been
administered supplements or medications during their childhood. Most (4 out of 5; 75%)
also attended regular dental check-ups, and the majority (3 out of 5; 60%) did not require
hospitalization during the first 16 years of life, suggesting the absence of severe medical
conditions. The absence of statistically significant correlations between EH and variables
such as hospitalizations, supplement consumption, and vaccination may suggest that
medical support reduced the likelihood of EH development. In fact, income and access to
healthcare are considered indicative of an optimal lifestyle and, thus, related to a lower
occurrence of EH defects [11,39,63]. However, dental intervention could alter the visibility
of EH, potentially leading to underreporting. It appears to act as a protective factor by
ensuring adequate medical supervision during growth and reducing risks such as severe
infections or malnutrition—factors known to affect enamel formation [10,41,73]. Conversely,
limited access to healthcare may increase EH risk and should be considered alongside other
socioeconomic indicators [45].

4.1.4. Order at Birth and Weight

All individuals with EH were firstborns; therefore, the evaluation of the impact of
subsequent pregnancies on EH development, due to cumulative maternal stress, cannot be
addressed. However, any potential maternal vulnerability might have been mitigated by
access to prenatal care.

Individuals with EH had a normal weight at birth (2500–3500 g), indicating that
this variable did not influence the development of EH in the present study, despite evi-
dence from previous studies [70,73,74], though the finding was not unprecedented [34].
Low weight at birth is associated with complications, including cardiovascular, metabolic,
and respiratory issues that can necessitate invasive procedures (e.g., laryngoscopy),



Heritage 2025, 8, 420 9 of 16

which can cause mechanical pressures on the mandibular and maxillary bones, caus-
ing interruptions in the deposition of the enamel [31,33]. However, such complications
were not reported in this sample.

4.1.5. Health at Birth

Neonatal hypoxia, premature birth, cesarean section, childbirth complications, and
problems or abruptio placentae were not documented in the medical history of individuals
with EH. Although premature birth or cesarean section is frequently associated with the
development of EH [31,46,70,75–77], in this sample, their influence on amelogenesis did not
appear to play a role in this study. Hypoxia has been included among the etiological factors of
EH because any alterations of oxygen level (bronchitis, asthma, hypoxia, and hypoventilation)
could lead to respiratory acidosis (i.e., the increase in acidity in the blood, caused by an
excess of carbon dioxide), inhibiting proteolytic enzymes. Consequently, proteins may not
be eliminated from the enamel matrix, leaving too little space for mineral deposition and
compromising the secretion of hydroxyapatite [23,78]. Hypoxia can interrupt ameloblast
metabolism by altering their vital functions [32,40]. However, hypoxic episodes are typically
brief and therefore may not be directly linked to EH but could increase ameloblast sensitivity
to other stressors [79].

4.1.6. Breastfeeding and Weaning

All individuals in the sample, regardless of EH status, were weaned before 12 months
of age. Higher frequencies of EH might be expected with early weaning, as the World
Health Organization (1990) recommends breastfeeding for at least 12 months to ensure the
proper development of the newborn [43,45]. This sample—drawn from a relatively wealthy
socioeconomic context—may not reflect populations at greater nutritional risk. Previous
studies have shown similar findings despite WHO recommendations [42,44,46,47].

One individual with EH (25%) reported malnutrition during breastfeeding due to
nutritional sterility of breast milk, which could represent, along with short weaning, a re-
markable risk factor.

4.1.7. Malnutrition

No individual with EH was reported to have suffered from general malnutrition
or specific deficiencies in calcium, vitamin C, or vitamin D. This is consistent with the
sample’s overall high socioeconomic status and good access to healthcare [34,80]. EH has
been linked to severe nutritional deficits in several studies [38,39,41,46,69,70,81,82], and its
absence in this study may be attributed to differences in sample biogeographical origin
and composition. Experimental studies suggest that significant caloric (at least equal to
287–521 kcal/day, compared to a normal diet of 1200 kcal/day) and protein restriction
(9.6–20 g/day) is required to disrupt enamel formation [37,82]. Although not found in
this sample, vitamin D deficiency (related to diet, duration of sun exposure, and ability
of the gastrointestinal tract to absorb nutrients) can trigger protein malfunction resulting
in enamel hypomineralisation [19,40,83,84]. Celiac disease, which causes nutrient and
mineral malabsorption, could also contribute to EH [19]. In this study, no cases were
reported. EH related to celiac disease may assume a specific morphology: hydroxyapatite
crystals near EH are arranged irregularly and are less cohesive, thus leaving space for the
accumulation of organic matrix, dark pigmentation may be observed from chromogenic
microorganisms (i.e., the presence of oral flora) [85], the defect may be characterized by
low severity, and be found on multiple dental elements [85–87]. None of the EH defects
observed corresponded to this description.
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4.1.8. General Health

The evaluation of the medical history of the individual with EH did not reveal any
correlation with diabetes, respiratory failure [32,70] (in contrast to previous studies [10,88]),
hypothyroidism, or cardiovascular disease. Hypothyroidism leads to hypocalcemia, which
could slow down tooth mineralization and increase the risk of EH formation [29,89]. Similarly,
excess glucose in the bloodstream associated with diabetes could inhibit the activity of
ameloblasts [15,24,25,29,90].

While no direct link was found between EH and caries, associations between the
two have been documented in the literature. Indeed, periapical lesions resulting from
caries could potentially arrest the development of the tooth germ, leading to enamel
defects [91,92]. Additionally, teeth with EH may be more susceptible to carious lesions due
to their porous and soluble enamel in acid in correspondence to the defect [48,93]. However,
frequent dental care visits, as indicated in the questionnaires, might have contributed to a
reduction in the frequency of caries.

Trauma was also considered: 13.3% of respondents reported fractures to the maxillary
bones or mandible during growth, but 92% of these individuals did not show EH. In the
single case where trauma and EH co-occurred, the injury did not affect the tooth.

Childhood infectious diseases were common in the sample (94.1%), and this can ex-
plain the lack of a statistical correlation with EH. The association between EH and infections
could stem from direct effects of pathogens on ameloblasts or inhibition of amelogenesis
from high body temperature [51]. Particular attention was given to diseases such as chick-
enpox, rubella, otitis, urinary tract infections, and respiratory infections. Although there
was no significant statistical correlation in the sample, the frequency observed was higher
than that proposed by Ford [51]. For instance, rubella was found in 25% of individuals
with EH and in 28% of individuals without EH. The condition is associated with early
apoptosis of ameloblasts and interference with the secretion process [94,95]. Congenital
rubella syndrome (CRS) was noted to have teratogenic effects (i.e., hearing loss, cataracts,
heart problems, neurological deficits, diabetes, encephalopathy, thyroid disorders, and EH)
due to the production of proteins able to inhibit the mitosis process and cause malfunction
of the circulatory system [96,97], potentially leading to EH from lack of differentiation or
necrosis of the ameloblasts. Urinary tract infections, respiratory infections, and otitis did
not occur in the sample; therefore, their correlation with EH could not be investigated.

4.2. Differences Between Females and Males

No statistically significant difference between sexes was found (chi-square test,
p = 0.69). This finding may reflect sampling variability or contextual factors specific to
the sample analyzed. Specifically, the low overall frequency of EH within the Italian
(and broader European) group may have limited the ability to detect sex-based patterns.
Nonetheless, this distribution reflects the studied context, where structural access to food
and healthcare is relatively uniform, and overt sex-based disparities in early-life health
conditions are not widely reported [39]. The low frequency of EH was expected, given
the relatively high socioeconomic status of the EU-born group and consistent access to
healthcare and food resources for both sexes. Given that the theory of female biological
buffering posits that, under similar conditions, males should embody environmental stress
(i.e., display stress markers) more consistently than females, the obtained results suggest
a re-evaluation of this factor. Indeed, in the present context, EH frequencies are similar
between the two sexes. This suggests that the presence of EH in this context should not
be strictly linked to biological factors related to a greater susceptibility of one sex over
the other.
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These findings support the utility of EH as a tool for exploring sex-related differences
in bioarcheological contexts, particularly in societies where lifestyle conditions between
sexes are not equal. In such cases, EH may reflect disparities in access to resources and
health stressors during development.

Although the sample size is not large enough for broad epidemiological conclusions,
it nonetheless provides useful insights into patterns of EH in a contemporary sample.
Additionally, the characteristics of the sample (biological sex, biographical origin) offer a
valuable point of comparison for both bioarchaeological and clinical studies.

4.3. Study Limitations

The study comprises several limitations that should be acknowledged: macroscopic
observation entails a loss of information, as smaller defects may go unnoticed [9]. Defect
visibility could have been compromised by abrasions and dental wear. Additionally, the ab-
sence of juveniles in the examination means that defects in deciduous teeth are not detected.
The available data did not permit the identification of a representative statistical trend regard-
ing the analysis of etiology. In fact, it was possible to obtain a complete medical history for
only four of 15 individuals with EH.

Despite these constraints, this study presents an innovative combination of EH dat-
ing and questionnaire data, allowing for a more comprehensive interpretation of the
results. The absence of a straightforward correlation between stress and EH underscores
its multifactorial etiology. Rather than being caused by a single variable, EH appears
to result from the interplay between structural vulnerability and environmental factors.
To substantiate this hypothesis, enlarging the sample size to include more individuals and
considering the inclusion of juveniles to analyze deciduous dentition would be necessary.
Furthermore, the questionnaire could be improved by adding details about the mother’s
health throughout her life and by asking for specific information about individuals’ diets
during childhood.

5. Conclusions
This study aimed to evaluate whether biological sex and different etiological factors

influence the formation of EH by analyzing a contemporary clinical sample with known
demographic and contextual information.

The distribution of EH within the sample supported both initial hypotheses. Specifi-
cally, from the comparison with the data from the questionnaire emerges an association
between EH and low socioeconomic status. These findings underscore the potential of EH
to reflect biocultural conditions and structural vulnerabilities, demonstrating that even in a
European context, stress markers can effectively differentiate social variables such as access
to resources and structural disadvantage.

The nonspecific etiology of EH—often viewed as a limitation—may, in fact, be one
of its strengths. Its ability to capture general physiological stress makes it a powerful
indicator of adverse living conditions. In this study, EH was statistically correlated with low
income, supporting a multifactorial model in which nutritional deficits and pathological
stressors interact during growth. With the synergistic role of nutritional and pathological
aspects established, the next step towards better understanding EH may involve exploring
the interactions between these factors. Consequently, progressing from the isolation of
individual etiological factors, a more comprehensive and accurate approach could entail
the development of a statistical model capable of elucidating which factors are involved in
the formation of the defect and how they interact. The incorporation of additional factors
into the questionnaire may unveil previously unexplored elements.
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Although the limited sample size and incomplete medical records constrained some
aspects of the analysis, the study nonetheless confirms the value of EH as a marker of
physiological stress with applications in both bioarchaeology and forensic anthropology.
This research also contributes a rare European clinical dataset to the field, offering a valuable
comparative reference for interpreting bioarchaeological samples across different historical
periods and geographic contexts.

By applying a bioarchaeological perspective to a clinical population, this study bridges
methodological approaches and demonstrates the relevance of EH as a tool for exploring
the embodied effects of social inequality in both past and present populations.
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