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AsstraCT: Dental calculus is a creamish-yellow to brownish-black hard crust deposited on teeth, having the
dietary micro-remains, biomolecules, oral microbes and the secretions preserved in it over a long period
of time. It has served as a valuable source material for research in diverse scientific disciplines such as
anthropology, archaeology, microbiology and forensic sciences. The host and microbial DNA extracted
and sequenced from dental calculus deposits (DCD) have helped to establish the identity of unknown
individuals, and also the use of certain drugs, tobacco products by the individuals of the past as well
as contemporary human populations. The entrapped cellular as well as tissue fragments in calculus can
help in identification, reconstruction of dietary habits, food practices, manner of death/pathologies the
geographical and occupational affinity of ancient human remains. Calculus deposits gleaned from the
archaeological or paleontological specimens can be used to assess the shifts in oral microbiota compositions
and host-pathogen co-evolution as researchers have found calculus as rich source of oral microbiomes,
pathogens, dietary biomolecules, and host DNA. Advancing dental calculus research through validation
studies, technological innovations, interdisciplinary collaborations, longitudinal research, and ethical
considerations holds promise for its robust forensic anthropological utilizations. The current status of
anthropological, archaeological and microbial research involving dental calculus deposits, future challenges,
and its forensic anthropological significance are presented in this review article.
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Introduction

Reconstructing life-histories and health
status of past human populations has
remained a major subject of discussions
and debates in the anthropological re-
search domain (Wasterlain et al. 2011).
Teeth and bones have served as excellent
reservoirs of biomaterials, appropriately
suitable for identification of unknown
human remains and/or missing persons.
Among osseous human remains, teeth are
the strongest structures generally found
well preserved in most forensic anthropo-
logical contexts (Raj et al. 2013). During
the routine lifetime of an individual, the
oral microbiome and the micro-debris
circulating in human oral cavity often
build up to preserve as a tightly adhered
calcified dental plaque, called dental cal-
culus deposits (DCD). Dental calculus
is a creamish-yellow to brownish-black
hard crust deposited on the inner surface
of tooth or the dental prosthesis. The cal-
cified diverse bacterial biofilm (i.e., DCD)
structurally preserves and protects bacte-
rial cells from multiple external factors
more precisely than any other substrate,
and thus has potential to reveal the living
conditions of an individual (Willmann
et al. 2018). Dental calculus is a dense-
ly mineralized microbial biofilm formed
from assimilation of mineral salts in sal-
ivary and gingival fluids and it harbors
the dietary, microbial and environmental
information about an individual (Hardy
et al. 2009; Buckly et al. 2014; Warinner
and Lewis 2015; Weyrich et al. 2015; Gis-
mondi et al. 2018). The nature of mate-
rial and microbial remnants entrapped in
calculus depends upon the lifestyle, oral
hygiene, dietary habits, environmental
conditions, genetics, disease and health
status such as periodontitis and dental
crowding of the host (Weyrich et al. 2015;

Singh and Goel 2017; Fons-Badals et al.
2020; Blatt et al. 2022). Dietary, micro-
bial and host relationships can be con-
veniently established by examining only
one source material i.e., dental calculus
(Weyrich et al. 2015; Mann et al. 2018;
Ottoni et al. 2019; Ozga et al. 2019; Modi
et al. 2020).

Calculus is a sturdy and rigid mate-
rial that can be collected non-invasively
from jaw fragments and/or tooth sur-
faces. Even very minute quantities of
calculus can provide deep insights about
the geolocality, ecology and socio-cultur-
al affinity of an individual; thus, present-
ing a more holistic ante-mortem profile
of the unidentified individuals (Mackie
et al. 2017; Blatt et al. 2022). Dental
calculus serves as a vital bio-material
in situations where only heavily decom-
posed or badly degraded, damaged and
fragmented human remains of disturbed
skeletal conformity are available for fo-
rensic anthropological identifications.
Thus, it can be taken as a compelling bi-
ological material having crucial forensic
implications, especially in identification
of heavily damaged and severely degrad-
ed human remains.

Medically, the development and accu-
mulation of dental calculus is considered
an oral health problem by periodontists,
so calculus deposits are routinely re-
moved to maintain sound dental health,
and are discarded as a clinical waste ma-
terial. However, its scientific scrutiniza-
tion has significant forensic anthropolog-
ical and bio-archaeological implications.
Its deposition below the cervical line may
be the indicative of periodontitis or other
non-infectious diseases which, in turn,
may have different forensic or bio-ar-
chaeological interpretations (Muro and
Cucina 2024). Building up of calculus de-
posits usually compromises oral hygiene
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by promoting increments in pathogenic
plaque, resulting into excessive destruc-
tion of periodontal tissues, thus enhanc-
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Figure 1. Anthropological importance of dental calculus

In addition to mineral components,
calculus contains a variety of inorganic
and organic remnants (of salivary, dietary
or bacterial origin) incorporated either
during the mineralization or post-calci-
fication of the calculus. It has been re-
ported to be present on the supra- and/or
sub-lingual surfaces of teeth. Supra-gin-
gival calculus is primarily anchored to
the mandibular lingual surfaces of an-
terior teeth and the buccal surfaces of
maxillary molars, whereas the sub-gin-
gival calculus is found adhered to the
entire set of teeth, specifically on their
proximal tooth surfaces. Formation and
accumulation of dental calculus also var-
ies with tooth type; maxillary molars and
mandibular incisors being more prone
to supra-lingual calculus (White 1997).
Further, removal of calculus from teeth

of skeletal remains is non-invasive and
comparatively less destructive than the
traditional method of DNA extraction
and analysis in such contexts.

The prevalence of calculus deposits
has been reported among individuals of
almost all known human populations
(ancient or contemporary); though its
formation and presence is highly popula-
tion-specific (Warriner et al. 2015; Mann
et al. 2018). The frequency distribution
of calculus deposits is largely dependent
upon the available living conditions of the
affected individual, such as oral hygiene
(Anerud et al. 1991; Blank et al. 1994,
MacPherson et al. 1995), age (Beiswanger
etal. 1989; Anerud et al. 1991; MacPher-
son et al. 1995), sex (Beiswanger et al.
1989; Anerud et al. 1991), ethnicity,
diet (Schroeder 1969; Bhat 1991), dental
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cares (Beiswanger et al. 198; Anerud et
al. 1991; Blank et al. 1994; MacPherson
et al. 1995), systemic disease (Emrich et
al. 1991), medicine intake (Turesky et al.
1992; Breuer et al. 1996), educational
status, as some examples. In non-west-
ernized populations, calculus formation
starts soon after tooth eruption and is
found to continue up to the maximum
age of 30 years (White 1997), however,
no such trends have been reported for the
individuals of westernized world.

Dental calculus undergoes continu-
ous, though periodic mineralization to
incorporate oral microbiota, phytoliths,
pollens, fat grains and toxic micro-re-
mains into it (Putrino et al. 2024), and
acts as an authentic and prolonged store-
house of such remnants (Jin and Yip
2002; Adler et al. 2013; Warinner et al.
2013). Food and non-food micro-parti-
cles like starch granules, pathogens, par-
asites, pollens, diatoms, seeds, hair, die-
tary/vegetal fibers, cereals, the accidently
entrapped small insects, mineral salts
and crystals are frequent inclusions in
human dental calculus matrix (Dobney
and Brothwell 1986; 1988). The plant
remnants in the form of phytoliths and
starch grains have potential utility in es-
timating ancient dietary habits as well as
population-level food variations. Starchy
foods constitute 50-70% of energy intake
in modern as well as pre-agriculturist
human diets (Hardy et al. 2009). The
sophisticated dietary regime of Nean-
derthals, primarily based on plant-based
foods, has been revealed through dental
calculus (Henry et al. 2011). Dental cal-
culus extracted from ancient and modern
dental remains has been widely used for
studying the composition and profiling
of oral microbiota, remnant food debris,
disease microbes entrapped within calci-
um phosphate mineral salts of saliva and

dental plaque (Henry and Piperno, 2008;
Henry et al. 2011; Warinner et al. 2014).

The aim of this article is to provide
an updated review focused on the forma-
tion, prevalence, composition and foren-
sic anthropological significance of dental
calculus deposits.

Methods

To scrutinize the current status of den-
tal calculus research for forensic anthro-
pological purposes, scientific databases
were searched using search engines in-
cluding: PubMed, ScienceDirect, SAGE,
Springerlink, Clinical Key, WoS and
Google-Scholar, using the following key
terms: ‘Dental calculus, Forensic iden-
tification’, ‘Microbial forensics and oral
microbiome’, ‘Ancient DNA and dental
calculus’, ‘Occupation and dietary status
from calculus, Oral microbiota and fo-
rensic odontology, ‘Dental calculus and
stable isotope analysis’. Snowball sam-
pling technique of cross-referencing was
used to identify related articles and the
PRISMA guidelines were followed to in-
clude eligible research articles. Full-text
articles published until 2022, and con-
taining information relevant to the scope
of present systematic review were further
analyzed in-depth. The inclusion crite-
ria considered studies related to forensic
identification based on dental calculus
and those published until 2022. Studies
not satisfying the inclusion criteria were
excluded from further analyses.

A total of 89 research articles were
identified through search from the above
scientific databases. Thirty studies were
removed from consideration of further
analysis as they were either modified or
unrelated to the scope of present review,
published in languages other than Eng-
lish, or marked as ‘ineligible’ by the an-
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notation tools. Out of 59 articles selected
on the basis of their title and abstract, an-
other 16 studies were neglected as being
duplicates, reviews, or not commenting
upon the accuracy of dental calculus for
forensic anthropological purposes. Anoth-
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er set of 16 studies were discarded for final
analyses as their full-text version could
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tion and analysis. Finally, 31 studies were
found within the ambit/scope of the aim
and objectives of present study (Figure 2).
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Figure 2. Flowchart showing stages of selection of articles for systematic review

Results

The systematic review revealed that dental
calculus is a promising biological material
for establishing identity, assessing health
and dietary status, estimating geo-affin-
ity, exposure to heavy metals or drugs of

abuse and establishing other identity cre-
dentials of an unknown individual. It
serves as a rich source of host-associated
biomolecules, ingested or inhaled during
the routine daily life of an individual. The
present systematic review found that the
majority of dental calculus studies were
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reported in Europe where the dental re-
mains from archaeological sites and cem-
eteries were most commonly used for the
purpose. Only one pilot study (Singh and
Goel 2017) was reported from India. The
literature review indicated that the majori-
ty of calculus research is limited to report-
ing its quantity and location on teeth, the
microbiota preserved in it, its clinical and
pathological significance and forensic im-
portance for identifying archaeological or
contemporary human remains (Brothwell
1981; Dobney and Brothwell, 1988). The
type of teeth or the site (supra-/sub-lin-
gual) from where calculus was collected for
analysis was not mentioned in most of the
studies. Until very recently, the scientific
importance of dental calculus for forensic
anthropological casework was not recog-
nized as it could not attract the desired
attention of the scientific community. Cal-
culus has been appreciated as a significant
population and individuality marker as it
abundantly preserves the host-associated
routine micro-particles and biomolecules
in it (Radini et al. 2017). The observations
of present systematic review can be sum-
marized in the following categories.

Collection and analysis of dental calculus
The proper collection, sampling, prepa-
ration and analysis of dental calculus is
generally done according to the standard-
ized established protocols. Dental calculus
can be collected from ancient as well as
modern teeth/jaw fragments in individu-
als reporting to dental clinics for their rou-
tine dental check-up such as cleansing or
screening purposes. Enough dental calcu-
lus can be easily collected either from the
lingual or buccal surfaces of different man-
dibular as well as maxillary teeth with-
out scratching or scraping tooth surfaces
(Scott and Poulson, 2012). Two 3-5 mm
long fragments of supra-lingual calculus

are generally removed (particularly from 2
to 3 maxillary molars or mandibular inci-
sors) using sterile or decontaminated hand
or ultrasonic scaler (White 1997; Velsko et
al. 2019). For forensic identification pur-
poses, the supragingival calculus is pre-
ferred to the sublingual one as the latter
is heavily mineralized, contaminated with
gingival haemorrhigal components and
is tightly anchored to the teeth. Detailed
demographic, nutritional and disease in-
formation of an individual is crucial for
objective analysis of calculus samples
for anthropological or forensic purposes.
The material, molecular and chem-
ical information entrapped in calculus
deposits can be analyzed with multiple
morphoscopical, analytical, cytological,
histological, biochemical, molecular and
optical techniques. The more sophisticat-
ed methods include optical microscopy,
scanning electron microscopy, energy-dis-
persive x-ray spectroscopy, ultra-perfor-
mance liquid chromatography-mass spec-
trometry, to provide information about
not only identity credentials of an individ-
ual (Dobney and Brothwell 1986; 1988;
Lieverse 1999; Henry et al. 2011; De la
Fuente et al. 2012; Radini et al. 2017;
Stromberg et al. 2018; Fotakis et al. 2020;
Godoy Allende and Samplonius 2022) but
also for quantifying traces of nicotine al-
kaloids in calculus for better understand-
ing the consumption of such intoxicants
by the smokers (Eerkens et al. 2018). The
entrapment and preservation of the cellu-
lar fragments, starch granules and other
inclusions in dental calculus can be ex-
amined by microscopic and spectroscopic
techniques (Henry and Piperno 2008;
Charlier et al. 2010; Power et al. 2015).
Dosseto et al. (2024) reported that meas-
uring strontium (Sr) isotopes from fossil
calculus using multicollector inductively
coupled plasma mass spectrometry helped
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in correctly identifying the composition of
soil where the remains were buried which,
in turn, helped in estimating the geolocal-
ity of unknown human remains.

Forensic archaeological reconstructions
Microscopic examination of calculus de-
posits is highly useful in providing decisive
data for forensic or medico-legal prove-
nance or identity establishment purposes
(Figure 3). Dental calculus deposition is
generally considered as an ectopic growth
which provides an alternate to the destruc-
tive processing of human skeletal remains.
Cultural identity, individualized habits
(smoking/drugs/tooth-brushing), occupa-
tional hazards (painting, mining, farm-
ing), disease or pollution exposures, even
COVID-19 infections of an individual can
be objectively assessed from the trace ele-
mental analysis of dental calculus (Berg-
strom 1999; Radini et al. 2017; Yaprak et al.
2017; Eerkens et al. 2018; Serensen et al.
2021; Berton et al. 2021; Li et al. 2022).
Phytoliths and plant fibers entrapped in
dental calculus can help in the identifica-
tion of eaten plant sources, the season or
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environment in which they grew, the travel
routes followed and the burial location of
unknown individuals (Blatt et al. 2011);
thus, it can also serve as possible geograph-
ical and occupational marker of identity
of an individual. The particles embedded
in calculus can help in identifying occupa-
tions such as metal-workers, carpenters,
and other artisans. Heavy metals deposited
in calculus of production workers can be
used as occupational exposure marker (Ab-
dazimov 1991). Researchers have found
that drug residues are better entrapped in
the interior of the calculus material than
in blood, and few drugs are found in com-
paratively higher concentrations in dental
calculus (Serensen et al. 2021). Thus, the
manner of death, work-related intoxica-
tion or individualized habits can be recon-
structed from the toxicological analysis of
calculus (Charlier et al. 2010). Among the
typical sources of endogenous DNA, sa-
liva, oral fluids, proteins and mucosal or
epithelial cells are found commonly found
embedded in dental calculus, endorsing
the possibilities of isolating mtDNA from
dental calculus.
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Figure 3. Multiple applications of archaeological dental calculus (reprint used with Open Access permission

from Wright et al. 2021)
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DNA from dental calculus: deciphering
host-oral microbiota interactions
Calculus is a calcified form of oral micro-
bial plaque biofilm and is a rich source
of host and oral microbiome DNA (Preus
et al. 2011; Brealey et al. 2020). It has
been widely used as a tool in microbial
forensics to estimate microbial health
and the oral hygiene of the deceased.
The comparative analysis of DCD from
ancient and modern dentition can help
understand the issues related to the
abundance and diffusion of different
microorganisms in the environments
of the past or contemporary biospheres
(Brundin et al. 2013; Weif$ et al. 2020).
The host mt-DNA and bacterial DNA,
along with micro-particles entrapped in
calculus matrix can be conveniently ex-
tracted, sequences and analyzed using
advanced bio-molecular, spectroscopic
or microscopic methods which, in turn,
have revolutionized our understanding
of the identity, diets, ancestry, occupa-
tions, migration patterns, disease, pollut-
ant/metallic exposures, health and envi-
ronmental conditions of past individuals
and the populations. The molecular and
chemical analysis of dental calculus can
help understand the intricate dynamic
relationship that existed between hu-
mans and their microbes (Warinner et al.
2015). Recent improvements in genome
sequencing strategies, bioinformatics ar-
mamentarium, laboratory workflow de-
signs and contamination controls have
significantly enhanced the potential of
ancient microbial research (Gilbert et al.
2005; MacLean et al. 2009; Kaczynski

et al. 2012; Weyrich et al. 2015).
Microbial cells constitute about 70%
of total dry weight of calculus, highlight-
ing that the majority of calculus DNA
is microbial in nature (Aas et al. 2005;
Dewhirst et al. 2010; Human Microbi-

ome Project Consortium 2012; Warinner
et al. 2014; Velsko et al. 2019; Kazarina
et al. 2021; Ottoni et al. 2021). The con-
stantly evolving microbes have helped in
laboratory studies of bacterial evolution
which, in turn, has increased our infor-
mation about the dynamics of evolution,
adaptive changes, and respond to queries
impacting human health (Bonczarowska
et al. 2022). Ancient oral microbiota is
considerably more heterogeneous than
the modern one and this heterogeneity
of ancient oral microbiome composition
can offer more insights into human evo-
lution (Jersie-Christensen et al. 2018) as
good oral hygiene discourages calculus
formation (2022). The dental calculus
harbors past human oral microbiota that
can provide deep insights into decedents’
lifestyle, diet, health, disease, possible ge-
olocation, environmental conditions and
the cultural affiliation of an individual;
thus presenting a more comprehensive
ante-mortem profile of the unknown ones
(Blatt et al. 2022), even from its minute
quantities (Mackie et al. 2017). The ap-
plication of advanced genetic techniques
to detect microbial communities in an-
cient skeletal remains has revolutionized
paleopathological research towards path-
ogenic evolution and identification from
profiling of human oral microbiome (Bos
et al. 2019; Arning and Wilson 2020; Li
et al. 2022; Naud et al. 2022).

Human oral microbiome research
based on dental calculus and transitions
in oral microbiota has significantly con-
tributed to our understanding of the
functional diversity of microbial ecolo-
gies, oral diseases, interactions between
humans, microbes and the abiotic factors
the during lifetime of an individual (War-
inner et al. 2015). It is the mineralization
process of calculus happening during life
that makes it resistant to environmen-
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tal contamination and lets the microbial
community get preserved in it (Jin and
Yip, 2002). The temporal and spatial
variations in oral microbiota can pro-
vide crucial information not only to the
forensic anthropologists and archaeolo-
gists, but also to medical researchers like
microbiologists, and evolutionary biolo-
gists. Microbial evolution provided deep
insights into major changes in human
condition like diseases, epidemiological
transitions, biogeographic range expan-
sions, colonialism and industrialization
(Warinner et al. 2015; Blatt et al. 2022).

Detection of drugs and related
metabolites
Plant-based pharmaceutical or psycho-
active substances and other stimulants
have been commonly used in modern
as well as ancient times, particularly for
treatment of some medical conditions
(Fiorin et al. 2018; Gismondi et al. 2018;
Godoy Allende and Samplonius 2022).
Revealing smoking or chewing habits, use
of pharmaceutical products, illicit psy-
choactive drugs/stimulants and their me-
tabolites by past populations is a crucial
forensic archaeological inquiry. Recovery
of plant food debris from archaeological
dental calculus has helped in reconstruc-
tion of past food practices. Serensen et
al. (2021) reported that such plant in-
clusions found entrapped and preserved
in dental calculus can be easily detect-
ed and quantified. Dental calculus can
also be helpful for monitoring betel nut
chewing or tobacco smoking (containing
numerous heavy metal) exposure to the
human oral cavity (Yaprak et al. 2017,
Zhang et al. 2019). Many instances have
been reported in literature when the craft
and trade related by-products like stone
crystals, cellulose fibers or ceramics have
been found preserved in dental calculus

to provide information about such prac-
tices in ancient populations worldwide
(Blatt et al. 2011; Coccato et al. 2017).
Supragingival dental calculus is the
best choice for monitoring heavy metal
(like cadmium, mercury) exposures to
oral cavity which helps in assessing the
risks of oral cancers due to heavy metal
poisoning (Zhang et al. 2019; Charlier
2013), specifically using the analytical
techniques like transmission electron
microscopy (McDougall 1985).

Though dietary reconstructions from
calculus have been widely studied, rela-
tively fewer studies have considered the
deposition of pharmaceutical or pho-
totherapeutic residues in DCD (Hardy
et al. 2018; Gismondi et al. 2018). In
post-mortem cases, calculus may serve
as a valuable adjunct to the existing ana-
lyses where traditional investigations do
not provide any leads. Direct oral inges-
tion of substances, inhalation of smoke/
vapor, and/or the release of cellular or
serum residuals into the saliva and gin-
gival crevicular fluid may facilitate en-
trapment and preservation of a large va-
riety of pharmaceutical and psychoactive
drugs in dental calculus. The variations
in entrapment and deposition of this
matter in calculus from different indi-
viduals may depend upon differences in
the diet, health, local pH, salivary flow,
and, lastly, the stability of the substances
entrapped in the calculus (Sorensen et
al. 2021). Use of medicinal plants in
ancient times has been deciphered from
chemical indicators in archaeological
dental calculus samples (Hardy et al.
2009; Gismondi et al. 2018). Smoking or
chewing of tobacco (nicotine) or any oth-
er product having skewed concentrations
of toxic heavy metals like arsenic, mer-
cury, silicon, lead or cadmium have been
revealed from archaeological calculus
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(Yaprak et al. 2017; Eerkens et al. 2018;
Zhang et al. 2019); inductively coupled
plasma mass spectrometry analysis of
dental calculus being a novel non-inva-
sive technique for analysis of environ-
mental exposure to heavy metals (Zhang
et al. 2015, 2019). Drug residues of co-
caine, heroin, 6-monoacetylmorphine (6-
MAM) and tetra-hydrocannabinolic acid
A (THCA-A) have been found trapped in
the interior of the modern calculus ma-
terial (Sorensen et al. 2021). Saliva has
higher affinity to accumulate basic drugs
in higher concentrations than the blood
owing to generally lower pH of the for-
mer.

Discussion

Until recently, the anthropological, ar-
cheological and forensic research poten-
tial of calculus was not recognized fully,
and it was overlooked with calculus being
a discarded material. It is now fully under-
stood that dental calculus houses crucial
information about the past human life in
the form of host-associated micro-parti-
cles and biomolecules embedded within
its hardened and rough matrix, ingested/
inhaled (intentionally or accidentally)
during routine daily life of an individual
(Buckley et al. 2014; Radini et al. 2017).
It is the porous nature of DCD which
makes it ideal for a variety of research.
It has been recently recognized as an in-
formative material to understand ancient
diet and health in archaeological sciences
(Forshaw 2022). It has immensely helped
in revealing human prehistory, dietary
variations and shifts, and disease signa-
tures from ancient oral microbiome anal-
ysis of past populations (Hansen et al.
1991; Dobney 1994). The material and
molecular information contained within
DCD is vast and ever-expanding and it

can prove more useful than the bones in
the identification of fragmented or burnt
human remains.

Anthropological and molecular ex-
aminations of dental calculus collected
from historical, archaeological, or fo-
rensic specimens may help in biological
profiling, establishing cultural and geo-
graphical identity of such unknown hu-
man remains as calculus contains DNA
in sufficient quantity required for such
identifications and revealing microbial
and host-DNA diversity (Lisman et al.
2023). Dental calculus is a rich reser-
voir of ancient host biomolecules and
human DNA; both mitochondrial and
nuclear DNA (Warinner et al. 2015; Sin-
gh and Goel 2017; Mann et al. 2018;
Lisman et al. 2023). It is the rough and
porous surface of the calculus deposits
which promotes bacterial deposition,
sometimes under standard hygiene
conditions. It is this unique structure
and mineralized nature of calculus that
strongly embodied DNA within it and
prevents the acidic or exogenous micro-
bial attacks in the hardened matrix of
calculus (Warinner et al. 2014; Mann et
al. 2018). Genomics and forensic experts
are well acquainted with the advantages
of analyzing dental calculus which can
be conveniently obtained from the liv-
ing and recently dead individuals or even
the skeletonized archaeological human
remains (Singh and Goel, 2017). Dental
calculus may contain up to 1000 times
more DNA than any other skeletal ele-
ment and has huge potential to revolu-
tionize ancient biomedical research. It
can be used as an alternative source ma-
terial for ancient human DNA analyses
when other skeletal tissues do not yield
the desired results (Warinner et al. 2014;
Forshaw, 2022). Dental calculus serves as
an adjuvant and non-invasive evidence in
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forensic human identification by estab-
lishing human-host DNA profile, living
conditions, behavior, lifestyle, and the
dietary status of the decedent (Blatt et al.
2022; Bonczarowska et al. 2022).

Highly degraded and challenged sam-
ples generally contain low amounts of
DNA (with PCR inhibitors), which pre-
sents a very tough task for their forensic
identification pursuits. Calculus provides
a clean, stable, durable and hospitable
environment for microbial communities,
food and non-food particles and thus,
serves as a viable source of forensic iden-
tification based on autosomal and Y-STR
markers extracted from it (Sawafuji et al.
2020, Lisman et al. 2023). Human DNA
bound in calculus hydroxyapatite is com-
paratively well preserved; thus it can be
taken as potential investigative tool for
forensic purposes (Higgins and Austin,
2013). The gingival secretions, shed ep-
ithelial cells, macrophages and oral in-
flammatory processes are the probable
sources of DNA incorporation into dental
calculus deposits (Warinner et al. 2015;
Mann et al. 2018). Calculus DNA is rela-
tively low in quantity and is fragmented,
with the highest concentration found in
subgingival plaque. The majority of avail-
able dental calculus research is primarily
focused on estimating dietary habits, oral
microbiota and mtDNA haplogroup affil-
iations of archaeological human remains
(Black et al. 2011; Damle 2016).

The quality of DNA isolated from
calculus significantly differs from that
obtained from teeth. Dentine DNA is
more degraded and damaged than the
fragmented and shorter length (but more
stable and less challenged) DNA ob-
tained from dental calculus. A compar-
ison of DNA vyields from paired dental
calculus and dentine samples from the
same tooth of an individual has endorsed

that dental calculus is the richest known
source of ancient biomolecules in human
hard tissues (Willmann et al. 2018; Li
et al. 2022). As calculus DNA provides
only preliminary identity affiliations of
the contaminated samples (Lisman et al.
202.3), it can be more useful than bones
towards identification strategies of such
challenged human remains. Human
DNA embedded in calculus hydroxyapa-
tite is comparatively well preserved and
can be used as a potential investigative
tool for both forensic as well as microbi-
ological research purposes (Higgins and
Austin 2013). A minimal 20 mg of dental
calculus is ideally collected, though high-
er amounts of calculus may provide bet-
ter DNA amplification results (Lisman et
al. 2023). The Next Generation Sequenc-
ing (NGS) strategies like Amplicon and
Shotgun Metagenomics have been used
to characterize oral microbiome from the
collected dental calculus deposits. Am-
plicon sequencing of microbial DNA is
done to focus on one or more of the nine
variable regions of the 16S rRNA gene to
characterize the taxonomic structure and
diversity of the extracted microbiome
(Cappellini et al. 2014).

Mann et al. (2018) reported that DNA
obtained from dental calculus is consist-
ently more abundant and less contami-
nated than DNA extracted from dentin.
Most of the DNA obtained from calculus
is microbial in origin, derived from the
entrapped oral microbial communities
in it. The bonafide microbial taxa can be
profiled and compared from the identifi-
cation of microbiomes in ancient or his-
torical dental calculus samples (Belstrom
et al. 2018; Weil3 et al. 2020). Dagli et al.
(2015) identified dental calculus as one of
the rich sources of ancient microbial DNA
from the microbial colonies entrapped in
it and thus, highlighted the implications
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of ancient DNA research in palaeo-mi-
crobiology. Similarly, calculus can be an
alternate source of mtDNA for biological
profiling of unknown human skeletal re-
mains older than 1,000 years, which tell
us about some benefits and limitations
of DNA research from calculus (Black et
al. 2011). Adler et al. (2013) sequenced
and amplified the 16S rRNA gene of oral
microbiota from 5,500 BCE-1,600 CE
old dental calculus samples, using the
next-generation sequencing technique.
Singh and Goel (2017) collected dental
calculus from lingual surfaces of mandib-
ular incisors from 20 dental students of
Moradabad (UP) and found that majority
of dental calculus samples yielded DNA
ranging from 21 to 37 ug/ml (mean quan-
tity of 23.5 ug/ml). The extraction and se-
quencing of ancient microbial DNA and
its comparison with contemporary mi-
crobial strains has significant relevance to
practice of modern medicine and dentist-
ry for understanding host-microbiome in-
teractions (Akcali and Lang 2018). As hu-
man oral microbiota is both culture and
geography specific, the genetic mutations
in ancient microbial DNA help in track-
ing human migrations that happened in
past populations, highlighting the poten-
tial ability of microbiota DNA as genetic
signal of cultural affinity of pre-historic
populations (Dominguez-Bello and Blaser
2011; Eisenhofer et al. 2019). Changes in
human oral microbiome signify changes
in dietary patterns over time, indicating
a marked change in oral pathologies and
dental calculus deposition.

Challenges, future probabilities
and implications
In most forensic situations, highly de-
graded and contaminated or challenged
samples (containing PCR inhibitors) con-
taining low amounts of DNA are retrieved

for identification purposes which presents
a very tough and challenging task for ex-
traction of DNA; dental calculus is one
of such materials. The concentration of
DNA isolated from calculus does not sig-
nificantly differ from that obtained from
teeth. Dental DNA is comparatively more
degraded than the undamaged DNA ex-
tracted from calculus, so calculus DNA is
more stable and less challenged than den-
tin DNA (Lisman et al. 2023). However,
calculus DNA is more fragmented and
shorter in length, it is merely sufficient to
obtain a putative profile of an individual;
suitable enough, at least, for preliminary
forensic identification strategies (Lisman
et al. 2023). The biggest challenge for ge-
ographic identification of vegetal or faunal
inclusions in calculus is the lack of com-
prehensive reference libraries, and altera-
tion of geolocation signatures due to trav-
el, illness and diet.

Secondly, very limited literature is
available about the quantification of
human DNA content in dental calcu-
lus for human identification purposes.
The quantity of collected dental calculus
(ideally 20 mg) is crucial as significantly
higher amounts of calculus yield better
DNA amplification results (Lisman et
al. 2023). The benefits and limitations
of using dental calculus as an alternate
source for DNA should be weighed prior
to suggesting its efficacy for forensic pur-
poses. Calculus offers an indirect meth-
od of DNA analysis that is more closely
linked to a specific individual than other
sources which are used for indirect DNA
analysis (Black et al. 2011).

Research involving higher numbers
of jaw fragments is certainly needed to
authenticate the forensic utility of dental
calculus for forensic identification pur-
poses. The pioneer research work utiliz-
ing the ‘to-be-thrown’ calculus will cer-
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tainly help future forensic, anthropology,
public health, and dentistry experts as an
important biological material towards es-
tablishing identity, geolocality and expo-
sure to heavy metals, and drug abuse of
an unknown individual. Forensic anthro-
pologists and geneticists should explore
collaborative research possibilities in the
field to explore the full potential of dental
calculus as an adjuvant and non-invasive
evidentiary material towards forensic hu-
man identification (Modi et al. 2020).
Though the prospect of dental calculus
as a biomaterial has yet to be rigorously
and systematically scrutinized (Mann et
al. 2018), it is expected to help forensic
anthropologists for provenance of un-
known human remains retrieved from
forensic scenarios, even when only some
teeth are retrieved from such contexts.

Conclusions

Calculus finds its extensive utility in fo-
rensic and archaeological reconstructions
such as assessing host-oral microbiota
interactions, the microbial health and
oral hygiene of past individuals, screen
out their dietary status, food diversity,
exposures to heavy metal and drug of
abuse, and, lastly, to estimate the geo-
graphical and occupational affiliations of
past individuals. Dental calculus houses
a multitude of diverse biomolecules than
provide information about diet, health,
culture, behavior, ancestry and identity
of past populations (Wright et al. 2021).
Dental calculus entraps cellular or tissue
fragments, past human oral microbiota
that can provide deep insights into de-
cedents’ lifestyle, disease status, occu-
pational habits, possible geolocation, en-
vironmental conditions and the cultural
affiliation of an individual; thus present-
ing a more comprehensive ante-mortem

profile of the unknown individuals (past
or contemporary). Microbial forensics
has significantly contributed as a useful
tool in medicine, bioterrorism, biosecuri-
ty, food trade and human identifications
(Castro and de Ungria 2022).

Very limited published research work is
available about the extraction and analysis
of human DNA content from dental calcu-
lus for forensic anthropological purposes,
thus the anthropological and archaeolog-
ical research involving dental calculus is
still in its nascent stage; so comprehensive
research in different population groups is
needed for fruitful research avenues and
utilization of DCD as an alternative mate-
rial for ancient genomics research. Anthro-
pological insights into ancient population
dynamics, migrations, social stratification,
oral health and environmental adaptations
can be unraveled from the complex bio-
molecular composition of dental calculus.
Studying DNA from prehistoric bacteria
or viruses may lead to the discovery of
techniques and approaches to fight con-
temporary strains/forms of such infectious
agents. Recent studies have necessitated
that for ancient DNA analysis of current
microbial diseases, information about the
past genotypic and phenotypic signatures
of the responsible bacteria needs to be col-
lected. Thus, crucial knowledge about the
past oral microbiome may also help med-
ical professionals and physicians use an-
cient microbial DNA signatures to track/
identify such infectious agents in modern
day populations.

Acknowledgements

Authors would like to extend their sincere
thanks and gratitude to the anonymous
reviewers who provided valuable sugges-
tions to further improve upon the scien-
tific quality and readability of this article.



32 Jagmahender Singh Sehrawat, Shubham Thakur

Authors are also highly thankful to
Ms. Bhavna Ahlawat, Research Schol-
ar, Department of Anthropology, Panjab
University, Chandigarh (India), for help-
ing in providing papers for consideration
in this review.

Conflict of interest

The authors have no conflicts of interest
to declare.

Author contributions

JSS conceptualized and validated the
idea and framework/outline of the manu-
script, designed the methodology, scruti-
nized and finalized the relevant literature
on the topic, wrote the rough and final
drafts of the manuscript and revised its
final version; ST reviewed the final man-
uscript, edited its English language and
generated one figure.

Funding declaration

There was no funding from any source
for the material/ text used in this man-
uscript.

Corresponding author

Jagmahender Singh Sehrawat, Depart-
ment of Anthropology, Panjab Universi-
ty, Chandigarh, India, e-mail: jagmind-
er@pu.ac.in

References

Aas JA, Paster BJ, Stokes LN, Olsen I, De-
whirst FE. 2005. Defining the normal
bacterial flora of the oral cavity. J Clin
Microbiol 43(11): 5721-5732. https:/
doi.org/10.1128/JCM.43.11.5721-
5732.2005

Abdazimov AD. 1991. Changes in the trace
element composition of the hard dental
tissues, dental calculus, saliva and gingi-
val biopsies in workers under the influ-
ence of unfavorable factors in the manu-
facture of Cu, Zn and Pb. Stomatologiia
(Mosk) 70(3): 22-25.

Adler CJ, Dobney K, Weyrich LS, Kaidon-
is J, Walker AW, Haak W, Bradshaw CJ,
Townsend G, Sottysiak A, Alt KW, Parkh-
ill J. 2013. Sequencing ancient calcified
dental plaque shows changes in oral mi-
crobiota with dietary shifts of the Neolith-
ic and Industrial revolutions. Nat Genet
45(4): 450-455. http://doi.org/10.1038/
ng.2536

Akcali A, Lang NP. 2000. Dental calculus:
The calcified biofilm and its role in dis-
ease development. Periodontol 76: 109-
115. https://doi.org/10.1111/prd. 12151

Anerud A, Loe H, Boysen H. 1991. The nat-
ural history and clinical course of calcu-
lus formation in man. J Clin Periodontol
18: 160-170. https://doi.org/10.1111/
j.1600-051X.1991.tb01128.x

Arning N, Wilson DJ. 2020. The past, pres-
ent and future of ancient bacterial DNA.
Microb Genom, Vol. 6(7). https://doi.
0rg/10.1099/mgen.0.000384

Beiswanger BB. Segreto VA, Mallatt ME.
Pfeiffer HJ. 1989. The prevalence and in-
cidence of dental calculus in adults. J Clin
Dent 1: 55-58.

Belstrom D, Olsen JV, Cappellini E, Jensen L],
Willerslev E, Fotakis AK, Kelstrup CD,
Lynnerup N, Jersie-Christensen RR,
Lanigan LT, Lyon D. 2018. Quantitative
metaproteomics of medieval dental cal-
culus reveals individual oral health sta-
tus. Nat Commun 9: 4744. https://doi.
org/10.1038/s41467-018-07148-3

Bergstrom J. 1999. Tobacco smoking and
supragingival dental calculus. ] Clin
Periodontol 26(8): 541-547. https://doi.
0rg/10.1034/j.1600-051X.1999.260808.x


mailto:jagminder@pu.ac.in
mailto:jagminder@pu.ac.in
https://doi.org/10.1128/JCM.43.11.5721-5732.2005
https://doi.org/10.1128/JCM.43.11.5721-5732.2005
https://doi.org/10.1128/JCM.43.11.5721-5732.2005
http://doi.org/10.1038/ng.2536
http://doi.org/10.1038/ng.2536
https://doi.org/10.1111/prd.12151
https://doi.org/10.1111/j.1600-051X.1991.tb01128.x
https://doi.org/10.1111/j.1600-051X.1991.tb01128.x
https://doi.org/10.1099/mgen.0.000384
https://doi.org/10.1099/mgen.0.000384
https://doi.org/10.1038/s41467-018-07148-3
https://doi.org/10.1038/s41467-018-07148-3
https://doi.org/10.1034/j.1600-051X.1999.260808.x
https://doi.org/10.1034/j.1600-051X.1999.260808.x

Dental Calculus, Host, and Oral Microbiota 33

Berton E Rupel K, Florian F Biasotto M, Pal-
lavicini A, Di Lenarda R. 2021. Dental
calculus — a reservoir for detection of past
SARS-CoV-2 infection. Clin Oral Investig
25: 5113-5114. https://doi.org/10.1007/
s00784-021-04001-8

Bhat M. 1991. Periodontal health of
14-17-year-old US schoolchildren. J Pub
Health Dentist 51: 5-11. https:/doi.
org/10.1111/5.1752-7325.1991.tb02168.x

Black J, Kerr S, Henebry-Deleon L, Lorenz JG.
2011. Dental calculus as an alternate
source of mitochondrial DNA for analysis
of skeletal remains. Proc Soc Calif Archae-
ol 25: 1-7.

Blank LW. Rule JT. Colangelo GA,
Copelan NS, Perlich MA. 1994. The re-
lationship between first presentation and
subsequent observations in heavy calculus
formers. Periodontol 65: 750-754. https:/
doi.org/10.1902/jop.1994.65.8.750

Blatt SH, Redmond BG, Cassman V, Sciul-
li PW. 2011. Dirty teeth and ancient trade:
Evidence of cotton fibres in human dental
calculus from Late Woodland, Ohio. Int J
Osteoarchaeol 21: 669-678. https:/doi.
0rg/10.1002/0a.1173

Blatt SH, Shields JR, Michael AR. 2022.
Dental calculus reveals life history of de-
cedents in forensic cases: an anthropo-
logical perspective on human identifica-
tion. Foren Genom 2(1): 5-16. http:/doi.
org/10.1089/forensic.2022.0003

Bonczarowska JH, Susat J, Mithlemann B,
Jasch-Boley I, Brather S, Hoke B, Brath-
er-Walter S, Schoenenberg V, Scheschke-
witz J, Graenert G, Krausse D. 2022. Path-
ogen genomics study of an early medieval
community in Germany reveals extensive
co-infections. Genom Biol 23(1):1-16.
https://doi.org/10.1186/s13059-022-
02806-8

Bos KI, Kihnert D, Herbig A, Esquivel-
-GomezLR,Andrades ValtuefiaA, Barquera
R, Giffin K, Kumar Lankapalli A, Nelson

EA, Sabin S, Spyrou MA. 2019. Paleom-
icrobiology: Diagnosis and Evolution of
Ancient Pathogens. Annu. Rev. Microbiol
73: 639-666. https://doi.org/10.1146/an-
nurev-micro-090817-062436

Brealey JC, Leitao HG, van der Valk T, Xu W,
Bougiouri K, Dalen L, Guschanski K.
2020. Dental calculus as a tool to study
the evolution of the mammalian oral
microbiome Mol Biol Evol 37(10): 3003~
3022. http://doi.org/10.1093/molbev/
msaal35

Breuer MM, Mboya SA, Moroi H, Turesky
SS. 1996. Effect of selected beta block-
ers on supragingival calculus formation.
J Periodontol 67: 428-432. https:/doi.
01g/10.1902/j0p.1996.67.4.428

Brothwell DR. 1981. Digging Up Bones. New
York: Cornell University Press.

Brundin M, Figdor D, Sundqvist G,
Sjogren U. 2013. DNA binding to hy-
droxyapatite: A potential mechanism for
preservation of microbial DNA. ] Endod
39: 211-216. https://doi.org/10.1016/j.
joen.2012.09.013

Buckley S, Usai D, Jakob T, Radini A, Har-
dy K. 2014. Dental calculus reveals unique
insight into food items, cooking and plant
processing in prehistoric central Sudan.
PLoS One (2014) €100808. http:/dx.doi.
org/10.1371/journal.pone.0100808

Cappellini E, Collins MJ, Gilbert MTP. 2014.
Biochemistry: unlocking ancient protein
palimpsests. Science 343, 1320-1322.
http://doi.org/10.1126/science. 1249274

Castro AE, de Ungria MCA. 2022. Methods
used in microbial forensics and epidemi-
ological investigations for stronger health
systems, Foren Sci Res 7(4): 650-661.
http://doi.org/10.1080/20961790.2021.2
023272

Charlier, Philippe Huynh-Charlier I, Mu-
noz O, Billard M, Brun L, Grandmaison
GL. 2010. The microscopic (optical and
SEM) examination of dental calculus


https://doi.org/10.1007/s00784-021-04001-8
https://doi.org/10.1007/s00784-021-04001-8
https://doi.org/10.1111/j.1752-7325.1991.tb02168.x
https://doi.org/10.1111/j.1752-7325.1991.tb02168.x
https://doi.org/10.1902/jop.1994.65.8.750
https://doi.org/10.1902/jop.1994.65.8.750
https://doi.org/10.1002/oa.1173
https://doi.org/10.1002/oa.1173
http://doi.org/10.1089/forensic.2022.0003
http://doi.org/10.1089/forensic.2022.0003
https://doi.org/10.1186/s13059-022-02806-8
https://doi.org/10.1186/s13059-022-02806-8
https://doi.org/10.1146/annurev-micro-090817-062436
https://doi.org/10.1146/annurev-micro-090817-062436
http://doi.org/10.1093/molbev/msaa135
http://doi.org/10.1093/molbev/msaa135
https://doi.org/10.1902/jop.1996.67.4.428
https://doi.org/10.1902/jop.1996.67.4.428
https://doi.org/10.1016/j.joen.2012.09.013
https://doi.org/10.1016/j.joen.2012.09.013
http://dx.doi.org/10.1371/journal.pone.0100808
http://dx.doi.org/10.1371/journal.pone.0100808
http://doi.org/10.1126/science.1249274
http://doi.org/10.1080/20961790.2021.2023272
http://doi.org/10.1080/20961790.2021.2023272

34 Jagmahender Singh Sehrawat, Shubham Thakur

deposits (DCD). Potential interest in fo-
rensic anthropology of a bio-archaeological
method. Legal Med 12: 163-171. https:/
doi.org/10.1016/j.legalmed.2010.03.003

Charlier P 2013. Dental calculus exami-
nation for forensic and anthropological
purposes. Protocol Exchange. http:/doi.
org/10.1038/protex.2013.043

Coccato A, Moens L, Vandenabeele P. 2017.
On the stability of medieval inorganic
pigments: A literature review of the ef-
fect of climate, material selection, bio-
logical activity, analysis and conservation
treatments. Herit Sci 5: 12. http:/doi.
0rg/0.1186/s40494-017-0125-6

Damle S. 2016. Genetic determination
through dental calculus: Promise and hope!
Contemp Clin Dent 7(2): 129. https:/doi.
0rg/10.4103/0976-237X.183065

De la Fuente CP, Flores SV, Moraga ML. 2012.
Human bacterial DNA from dental calcu-
lus: a new source of genetic material. Am
J Phys Anthropol 147: 127.

Dewhirst FE, Chen T, Izard J, Paster BJ, Tan-
ner ACR, Yu Wen-Han, Lakshmanan A,
Wade WG. 2010. The human oral micro-
biome. ] Bacteriol 192(19): 5002-5017.
https://doi.org/10.1128/jb.00542-10

Dobney K, Brothwell D. 1986. Dental calcu-
lus: Its relevance to ancient diet and oral
ecology. In: Teeth and Anthropology (Cru-
wys E, Foley RA. eds.) Oxford: BAR Int Ser
291. 1986: 55-81.

Dobney K, Brothwell DR. 1988. A method
for evaluating the amount of dental cal-
culus on teeth from archaeological sites.
J Archaeol Sci 4(14): 343-351. https://doi.
0rg/10.1016/0305-4403(87)90024-0

Dobney K. 1994. Study of dental calculus.
The Jewish burial ground at Jewbury.
(eds.) J Liley, G Stroud, D Brothwell,
M Williamson, York, UK: Council of Brit-
ish Archaeology 1994: 507-21.

Dominguez-BelloM G, Blaser M J. 201 1. The hu-
man microbiota as a marker for migrations of

individuals and populations. Annu Rev An-
thropol 40: 451-474. https://doi.org/10.1146/
annurev-anthro-081309-145711

Dosseto A, Dux E Eisenhofer R, Weyrich L.
2024. Assessing the utility of strontium
isotopes in fossil dental calculus. J Ar-
chaeol Method and Theory. https:/doi.
0rg/10.1007/s10816-024-09651-y

Eerkens JW, Tushingham S, Brownstein KJ,
Gribay R, Perez K, Murga E, Kaijankoski P,
Rosenthal JS, Gang DR. 2018. Dental
calculus as a source of ancient alkaloids:
Detection of nicotine by LC-MS in cal-
culus samples from the Americas. | Ar-
chaeol Sci Rep 18: 509-515. https://doi.
org/10.1016/j.jasrep.2018.02.004

Eisenhofer R, Anderson A, Dobney K, Coop-
er A, Weyrich LS. 2019. Ancient microbi-
al DNA in dental calculus: A new meth-
od for studying rapid human migration
events. J Isl Coast Archaeol 14: 149-162.
https://doi.org/10.1080/15564894.2017.1
382620

Emrich LJ, Shlossman M, Genco RJ. 1991. Peri-
odontal disease in non-insulin dependent di-
abetes mellitus. | Periodontol 62: 123-131.
https://doi.org/10.1902/j0p.1991.62.2.123

Fiorin E, Sdez L, Malgosa A. 2018. Ferns
as healing plants in medieval Mallor-
ca, Spain? Evidence from human dental
calculus. Int J Osteoarchaeol 29: 82-90.
https://doi.org/10.1002/0a.2718

Fons-Badal C, Fons-Font A, Labaig-Rueda C, Fer-
nanda Sold-Ruiz M, Selva-Otaolaurruchi E,
Agustin-Panadero R. 2020. Analysis of pre-
disposing factors for rapid dental calculus
formation. | Clinc Med 9(3): 858. https:/
doi.org/10.3390/jcm9030858

Forshaw R. 2022. Dental calculus-oral health,
forensic studies and archaeology: a review.
British Dental ] 233(11): 961-967. https:/
doi.org/10.1038/s41415-022-5266-7

Fotakis AK, Denham SD, Mackie M, Orbe-
gozo MI, Mylopotamitaki D, Gopalakr-
ishnan S, Sicheritz-Pontén T, Olsen JV,


https://doi.org/10.1016/j.legalmed.2010.03.003
https://doi.org/10.1016/j.legalmed.2010.03.003
http://doi.org/10.1038/protex.2013.043
http://doi.org/10.1038/protex.2013.043
http://doi.org/0.1186/s40494-017-0125-6
http://doi.org/0.1186/s40494-017-0125-6
https://doi.org/10.4103/0976-237X.183065
https://doi.org/10.4103/0976-237X.183065
https://doi.org/10.1128/jb.00542-10
https://doi.org/10.1016/0305-4403(87)90024-0
https://doi.org/10.1016/0305-4403(87)90024-0
https://doi.org/10.1146/annurev-anthro-081309-145711
https://doi.org/10.1146/annurev-anthro-081309-145711
https://doi.org/10.1007/s10816-024-09651-y
https://doi.org/10.1007/s10816-024-09651-y
https://doi.org/10.1016/j.jasrep.2018.02.004
https://doi.org/10.1016/j.jasrep.2018.02.004
https://doi.org/10.1080/15564894.2017.1382620
https://doi.org/10.1080/15564894.2017.1382620
https://doi.org/10.1902/jop.1991.62.2.123
https://doi.org/10.1002/oa.2718
https://doi.org/10.3390/jcm9030858
https://doi.org/10.3390/jcm9030858
https://doi.org/10.1038/s41415-022-5266-7
https://doi.org/10.1038/s41415-022-5266-7

Dental Calculus, Host, and Oral Microbiota 35

Cappellini E, Zhang G, Christophersen A.
2020. Multi-omic detection of Mycobac-
terium leprae in archaeological human
dental calculus. Philos Trans R Soc Lond
B Biol Sci 375: 20190584. https://doi.
0rg/10.1098/rstb.2019.0584

Gilbert MTP Bandelt H-J, Hofreiter M, BarnesI.
2005. Assessing ancient DNA studies.
Trends Eco Evol 20(10): 541-544. https:/
doi.org/10.1016/j.tree.2005.07.005

Gismondi A, D’Agostino A, Canuti L, Di
Marco G, Martinez-Labarga C, Angle M,
Rickards O, Canini A. 2018. Dental cal-
culus reveals diet habits and medicinal
plant use in the Early Medieval Italian
population of Colonna. ] Archaeol Sci Rep
20: 556-564. https://doi.org/10.1016/.
jasrep.2018.05.023

Godoy Allende M, Samplonius A. 2022. Den-
tal anthropological report: Exploring plant-
based treatments through the analysis of
dental calculus and sediment of dental caries
in a woman from the Late Preceramic peri-
od, Peru. Annal Anat 240: 151849. https:/
doi.org/10.1016/j.aanat.2021.151849

Hansen PH, Meldgaard J, Nordqvist J. 1991.
(Eds.) The Greenland Mummies. Smith-
sonian Institution Press, Washington,
DC, 1991.

Hardy K, Blakeney T, Copeland L, Kirkham J,
Wrangham R, Collins M. 2009. Starch
granules, dental calculus and new per-
spectives on ancient diet. ] Archaeol Sci
36: 248-255. https://doi.org/10.1016/.
jas.2008.09.015

Hardy K, Buckley S, Copeland L. 2018. Pleis-
tocene dental calculus: recovering infor-
mation on Paleolithic food items, medi-
cine, paleoenvironment and microbes.
Evol Anthropol 27: 234-246. https://doi.
0rg/10.1002/evan.21718

Henry AG, Brooks AS, Piperno DR. 2011.
Microfossils in calculus demonstrate con-
sumption of plants and cooked foods in
Neanderthal diets (Shanidar III, Iraq; Spy

I and II, Belgium). Proct Natl Acad Sci
108: 486-491. https://doi.org/10.1073/
pnas.1016868108

Henry AG, Piperno DR. 2008. Using plant
microfossils from dental calculus to re-
cover human diet: A case study from
Tell al-Raqa’i, Syria. J Archaeol Sci 35(7):
1943-1950. https://doi.org/10.1016/j.
jas.2007.12.005

Higgins D, Austin JJ. 2013. Teeth as a source
of DNA for forensic identification of human
remains: A Review. Sci Just 53(4): 433-441.
https://doi.org/10.1016/j.scijus.2013.06.001

Jin Y, Yip H-K. 2002. Supragingival calcu-
lus: formation and control. Crit Rev
Oral Biol Med 13(5): 426-41. https:/doi.
0rg/10.1177/154411130201300506

Kazarina A, Peterlskosone-Gordina E, Kim-
sis J, Kuzmicka J, Zayakin B Grikjans
Z, Gerhards G, Ranka R. 2021. The
postmedieval latvian oral microbiome
in the context of modern dental calculus
and modern dental plaque microbial pro-
files. Genes 12(2): 309-324 https://doi.
0rg/10.3390/genes12020309

LiQ,LuoK, SuZ, HuangE Wu 'Y, Zhou E Li Y,
Peng X, Li ], Ren B. 2022. Dental calculus:
A repository of bioinformation indicating
diseases and human evolution. Front Cell
Infect Microbiol 12: 1035324. https://doi.
org/10.3389/fcimb.2022.1035324

LieverseAR.1999. Dietandtheaetiologyofden-
tal calculus. Int J Osteoarchaeol 9(4): 219~
232. https://doi.org/10.1002/(SICI)1099-
1212(199907/08)9:4<219::AID-
0A475>3.0.CO;2-V

Lisman D, Drath |, Zielinska G, Zachar-
czuk J, Pigtek J, van de Wetering T, Os-
sowki A. 2023. The evidential value
of dental calculus in the identification
process. Sci Rep 13: 21666. https://doi.
0rg/10.1038/s41598-023-48761-7

Mackie M, Radini A, Speller C. 2017. The
Sustainability of Dental Calculus for Ar-
chaeological Research. In: Favreau ] and


https://doi.org/10.1098/rstb.2019.0584
https://doi.org/10.1098/rstb.2019.0584
https://doi.org/10.1016/j.tree.2005.07.005
https://doi.org/10.1016/j.jasrep.2018.05.023
https://doi.org/10.1016/j.jasrep.2018.05.023
https://doi.org/10.1016/j.aanat.2021.151849
https://doi.org/10.1016/j.aanat.2021.151849
https://doi.org/10.1016/j.jas.2008.09.015
https://doi.org/10.1016/j.jas.2008.09.015
https://doi.org/10.1002/evan.21718
https://doi.org/10.1002/evan.21718
https://doi.org/10.1073/pnas.1016868108
https://doi.org/10.1073/pnas.1016868108
https://doi.org/10.1016/j.jas.2007.12.005
https://doi.org/10.1016/j.jas.2007.12.005
https://doi.org/10.1016/j.scijus.2013.06.001
https://doi.org/10.1177/154411130201300506
https://doi.org/10.1177/154411130201300506
https://doi.org/10.3390/genes12020309
https://doi.org/10.3390/genes12020309
https://doi.org/10.3389/fcimb.2022.1035324
https://doi.org/10.3389/fcimb.2022.1035324
https://doi.org/10.1002/(SICI)1099-1212(199907/08)9:4%3C219::AID-OA475%3E3.0.CO;2-V
https://doi.org/10.1002/(SICI)1099-1212(199907/08)9:4%3C219::AID-OA475%3E3.0.CO;2-V
https://doi.org/10.1002/(SICI)1099-1212(199907/08)9:4%3C219::AID-OA475%3E3.0.CO;2-V
https://doi.org/10.1038/s41598-023-48761-7
https://doi.org/10.1038/s41598-023-48761-7

36 Jagmahender Singh Sehrawat, Shubham Thakur

Patalano R (eds.). Shallow Pasts, Endless
Horizons: Sustainability & Archaeology,
Proceedings of the 48th Annual Chacmool
Archaeology Conference, 2017: 74-81.

MacLean D, Jones JDG, Studholme DJ. 2009.
Application of 'next-generation’ sequenc-
ing technologies to microbial genetics.
Nature Rev Microbiol 7(4): 96-97. https:/
doi.org/10.1038/nrmicro2088

Macpherson LMD, Girardin DC, Hughes
NJ, Stephen KW, Dawes C. 1995. The
site-specificity of supragingival calculus
deposition on the lingual surfaces of the six
permanent lower anterior teeth in humans
and the effects of age, sex, gum-chewing
habits, and the time since the last prophy-
laxis on calculus scores. ] Dental Research
74(10): 1715-1720. https:/doi.org/10.117
7/00220345950740101401

Mann AE, Sabin S, Ziesemer K, Vigene
AJ, Schroeder H, Ozga AT, Sankarana-
rayanan K, Hofman CA, Fellows Yates JA,
Salazar-Garcia DC, Frohlich B, Aldender-
fer M, Hoogland M, Read C, Milner GR,
Stone AC, Lewis Jr CM, Krause ], Hofman
C, Bos KI, Warinner C. 2018. Differential
preservation of endogenous human and
microbial DNA in dental calculus and
Dentin. Sci Rep 8(1): 9822. https://doi.
0rg/10.1038/s41598-018-28091-9

McDougall WA. 1985. Analytical transmis-
sion electron microscopy of the distri-
bution of elements in human supragin-
gival dental calculus. Arch Oral Biol 30:
603-608.  https://doi.org/10.1016/0003-
9969(85)90080-9

Mealey BL, Klokkevold PR. 2019. Impact of
periodontal infection on systemic health.
In Newman MG, Takei HG, Klokkevold
PR, Carranza FA (eds). Newman and Car-
ranza’s Clinical Periodontology. 13™ ed.:
225-236. Philadelphia: Elsevier, 2019.

Modi A, Pisaneschi L, Zaro V, Vai S, Vergata
C, Casalone E, Caramelli D, Moggi-Cec-
chi J, Lippi MM, Lari M. 2020. Combined

methodologies for gaining much informa-
tion from ancient dental calculus: testing
experimental strategies for simultane-
ously analysing DNA and food residues.
Archaeol Anthropol Sci 12(1): 10. https://
doi.org/10.1007/s12520-019-00983-5

Muro STN, Cucina A. 2024. Periodontitis
and alveolar resorption in human skel-
etal remains: The relationship between
quantitative alveolar bone loss, occlusal
wear, antemortem tooth loss, dental cal-
culus and age at death in a low socioec-
onomic status, modern forensic human
collection from Yucatan. Inter ] Paleop-
athol 45: 7-17. https://doi.org/10.1016/j.
jpp.2024.02.001

Naud S, Ibrahim A, Valles C, Maatouk M,
Bittar F Tidjani Alou M, Raoult D. 2022.
Candidate Phyla Radiation, an Underap-
preciated Division of the Human Micro-
biome, and Its Impact on Health and Dis-
ease. Clin Microbiol Rev 35, e0014021.
https://doi.org/10.1128/cmr.00140-21

Ottoni C, Bori¢ D, Cheronet O, Sparacello V,
Dori I, Coppa A, Antonovi¢ D, Vujevi¢ D,
Price TD, Pinhasi R, Cristiani E. 2021.
Tracking the transition to agriculture in
southern Europe through ancient DNA
analysis of dental calculus. Proc Natl Acad
Sci USA 118(32): €2102116118. https://
doi.org/10.1073/pnas.2102116118

Ottoni C, GuellilM,Ozga AT, Stone AC, Ker-
sten O, Bramanti B, Porcier S, Van Neer W.
2019. Metagenomic analysis of dental calcu-
lus in ancient. Sci Rep 9(1): 19637. https:/
doi.org/10.1038/s41598-019-56074-x

Ozga AT, Gilby I, Nockerts RS, Wilson ML,
Pusey A, Stone AC. 2019. Oral microbi-
ome diversity in chimpanzees from Gombe
National Park. Sci Rep 9(1): 17354. https:/
doi.org/10.1038/s41598-019-53802-1

Power RC, Salazar-Garci“a DC, Straus LG,
Gonza “lez Morales MR, Henry AG. 2015.
Microremains from El Miro 'n Cave hu-
man dental calculus suggest a mixed


https://doi.org/10.1038/nrmicro2088
https://doi.org/10.1038/nrmicro2088
https://doi.org/10.1177/00220345950740101401
https://doi.org/10.1177/00220345950740101401
https://doi.org/10.1038/s41598-018-28091-9
https://doi.org/10.1038/s41598-018-28091-9
https://doi.org/10.1016/0003-9969(85)90080-9
https://doi.org/10.1016/0003-9969(85)90080-9
https://doi.org/10.1016/j.ijpp.2024.02.001
https://doi.org/10.1016/j.ijpp.2024.02.001
https://doi.org/10.1128/cmr.00140-21
https://doi.org/10.1073/pnas.2102116118
https://doi.org/10.1073/pnas.2102116118
https://doi.org/10.1038/s41598-019-56074-x
https://doi.org/10.1038/s41598-019-56074-x
https://doi.org/10.1038/s41598-019-53802-1
https://doi.org/10.1038/s41598-019-53802-1

	Forensic Anthropological Significanceof Dental Calculus Deposits as Proxy Identifierof the Host and the Oral Microbiota:A Scoping Review

