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Nonmetric traits are often studied in palaeoanthropology to quantity genetic
affinity, or biodistance within or between human populations. The present study
aims at analyzing the morphology and expression pattern of the upper (maxillary)
first and second molars from a sample of human remains found in the Mausoleum
Crypt of the First World War Heroes in Iași, Romania. The aim is to identify
similarities indicating that individuals belonged to the same population. This
research provides data on dental traits of local human populations. Metacone and
hypocone had a constant occurrence in the analyzed material, revealing
fluctuations in their development. The Carabelli trait, metaconule and enamel
extension traits were identified on a small number of molars, the highest frequency
being of 23.08% metaconule in the upper first molars. The parastyle was not
identified in the studied dental material.
INTRODUCTION
Teeth offer an excellent material for multidisciplinary research regarding the
past human populations, in both archaeological and forensic contexts [1–3]. Due to
their resistance to the taphonomic process, they have been the subject of many
interconnected areas, such as physical anthropology, dentistry, biology,
palaeontology, and palaeopathology [1, 4–8].
Several studies used teeth dimensions and shape as phylogenetic indicators to
evaluate the intra- and inter-population variability of past human populations, and
to acquire insights of migratory patterns [9–13]. Dental morphology is influenced
by genetic, environmental, and epigenetic factors, the crown and root of teeth
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phenotype being up to 80% heritable [14–17]; therefore, teeth are used as
biomarkers in biological distance (also known as biodistance) analyses [18–20].
The study of dental morphology is usually based on the assessment of the
phenotypic variation of teeth, being known as discrete traits or non-metric traits
[21–23]. The dental non-metric traits are represented by deviations in root numbers
and features at crown level, such as ridges, tubercles, styles, and accessory cusps
[9,21,24]. The dental morphological variations have been progressively studied
from the beginning of the 20th century, contributing to enriching the knowledge
about migration movements, origins, affinities, and variation of different human
groups from different geographic regions [9,21,25–27]. Moreover, the dental
discrete traits have been used to explore family groups in necropolises [28, 29].
Although numerous studies have addressed teeth morphological variation
using dental non-metric traits, the knowledge of teeth phenotypic expressions in
archaeological human populations is still limited, and it is almost missing in
Romania. To date, only one research paper regarding non-metric characters of the
mandibular second molars from a 17th century population of Iaşi city (Romania)
have been published by Popovici et al. in 2021 [9].
The present study aims at determining similarities in terms of morphological
dental traits, indicating that the analyzed subjects belonged to the same human
group.
During the archaeological excavation developed for the rehabilitation of the
Mausoleum Crypt of the First World War Heroes in Iași, several human bones
without anatomical connection were revealed. The Mausoleum of Heroes was built
between 1929 and 1930 at the initiative of the Society of the Cult of Heroes from
Iași, to honour the fallen heroes of the First World War [30,31]. The edifice is
situated at approximative 1.7 km from the centre of Iași city, on the North-Eastern
part of Galata hill (Fig. 1A, B). The osteological material discovered in the
Mausoleum Crypt was poorly preserved, of which only 50 skulls were aleatorily
sampled, prepared and anthropologically studied.

Figure 1. A – Location of the Mausoleum of the First World War Heroes in Iași;
B – Detail of location (map Source: Google Earth).
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MATERIAL AND METHODS

The material is represented by the upper (maxillary) first and second human
molars (UM1, UM2) belonging to 46 skeletons from secondary depositions, found
in the Mausoleum Crypt of the First World War Heroes (Iași County, Romania).
The osteological material (i.e., skulls without mandibles) was previously studied by
Groza et al. [31,32] in terms of age at death and sex estimations, odontopathies and
anomalies. The dental material was prepared for the study, as follows: impurities
were removed from the dental crown using ethanol, hydrogen peroxide, and cotton
wool [4]; digital images of occlusal surfaces were recorded with a millimetre scale;
all maxillary molars with an undamaged crown (without severe pathologies, highly
advanced wear, and post-mortem chipping) were included. All selected teeth have
fully formed crowns, free of damages or pathologies.
Six non-metric traits (i.e., metacone, hypocone, metaconule, Carabelli trait,
parastyle, and enamel extinction) were analysed and scored using the Arizona State
University Dental Anthropology System (ASUDAS) [33].
The hypocone and metacone are the most variable in size, typically being
largest in first molars, reduced in second molars, and absent in the third molar.
Metacone (cusp 3) is the distobuccal cusp in upper molars. It is scored based
on size from 0 to 6, with 0 indicating the absence of the cusp, and 6 the full-sized
expression of the cusp. Hypocone (cusp 4), the distolingual cusp in upper molars, is
also scored using the same range as for metacone. Metaconule (cusp 5) is a cusp
occurring on the distal occlusal surface of the upper molars, between the metacone
and the hypocone. Its size is variable, the scores including five grades of traits.
Carabelli trait is a pit or cusp in the mesiolingual cusp of the upper molars; it
can be expressed as a groove or a pit, as a Y-shaped depression, or as a full cusp. Its
scores range from 0 to 7, with 0 indicating the absence of expression and 7 – a full cusp.
The parastyle (paramolar tubercle) is an accessory cusp which occurs on the
buccal surface of the upper molar paracone. The expression of this trait can range
from a small pit or attached cusp to a very large cusp with a free-standing apex.
Enamel extensions are thin lines of enamel projecting downward from the
buccal and/ or lingual cervical enamel borders towards the root bifurcations of both
upper and lower molars.
Descriptive statistics was performed using XL Stat vers. 2020.4.1.
RESULTS AND DISCUSSION

Analysis of the dental material was performed for the whole dental sample
and not by sex groups. Analysis by sex would have been inconclusive, considering
that there are only three female specimens in the sample.
Each recorded dental trait of the investigated molars was described in terms
of expression frequencies. Out of the 6 non-metric dental traits presented above,
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only 5 were observed in our study. Table 1 presents the prevalence of the non-metric
traits in UM1 and UM2. Cusps 3 and 4 are consistently present in the analysed
material, on both UM1 and UM2, while metaconule, Carabelli trait and enamel
extension have a low occurrence in the sample, with frequencies of 41.26%,
12.81%, and 10.26%, respectively.
Table 1
Prevalence of non-metric dental traits by scores (%)

Traits
Metacone
(cusp 3)
Hypocone
(cusp 4)
Metaconule
(cusp 5)
Carabelli
Parastyle
Enamel
extensions

Molar
(n
specimens)
UM1 (n=39)
UM2 (n=44)
UM1 (n=39)
UM2 (n=44)
UM1 (n=39)
UM2 (n=44)
UM1 (n=39)
UM2 (n=44)
UM1 (n=39)
UM2 (n=44)
UM1 (n=39)
UM2 (n=44)

Score Score Score Score Score Score Score Score
0
1
2
3
4
5
6
7
0.00
0.00
0.00
0.00 56.41 43.59
0.00
0.00
0.00
2.27 59.09 38.64
0.00
0.00
0.00
7.69 58.97 33.33
0.00
0.00
6.82 31.82 47.73 13.64
76.92
0.00 10.26
5.13
5.13
2.56
81.82
0.00
9.09
4.55
4.55
0.00
0.00
0.00
2.56
0.00
0.00
2.56
7.69
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 10.26
0.00
0.00
0.00
0.00

* Gray area – no classification

Metacone. Its reduction or absence is uncharacteristic – the first and second
molars (UM1, UM2), but can occur on the third molars [33]. In this sample,
metacone was recorded on all molars, showing fluctuations in its size. According to
ASUDAS classification, in this sample, metacone has a score of 3 to 5. In UM1,
score 4 was most frequently expressed, representing 56.41% of the UM1, followed
by a large metacone, equal in size with hypocone (score 5, 43.59%). A large
metacone was recorded in UM2, with score 4 (59.09%) and 5 (43.59%), a
reduction being recorded in only 2.27% of UM2 teeth (Fig. 2A).
Hypocone. It is the most variable element of upper molar cusps, possibly
ranging from a large, fully developed cusp, most often seen on the UM1, to a reduced
or absent cusp on the UM2 and UM3 [34, 35]. A large cusp (score 4) was recorded on
both UM1 and UM2, with frequencies of 58.97% and 47.76%, respectively. Cusp with
score 5 (very large) had a high frequency in both molars (UM1, UM2), with
frequencies of 43.59% in UM1, and 38.64% in UM2. A small cusp (score 3) was more
present in UM2 (31.82%) than in UM1 (7.69%). A reduction of hypocone as a faint
ridging (score 2) was observed in 6.82% of UM2 teeth (Fig 2B).
The constant occurrence of the hypocone in the analysed material was
observed, compared to the frequencies indicated for other archaeological
populations (e.g., 2.8% for the Molí de Can Fonoll Medieval population [36] or
33.3% on UM2 in a modern sample of 20 century from Georgia [37]).
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Figure 2. Frequencies (in %) of dental traits in the analysed sample: A – metacone; B – hypocone.

Carabelli trait. It is a supernumerary cusp, which occurs on the mesiolingual
surface of the protocone on the upper molars (Fig. 3). Its most common occurrence
is recorded on the UM1 [35]. Also, in our dental material, this trait was identified
only on UM1 teeth. Carabelli trait occurred under different expressions (scores).
With a frequency of 7.69%, it appeared as a cuspid with an attached apex
contacting de medial lingual groove (score 6, according ASUDAS); in the form of
a pit (score 2), but also as a small cusp without free apex (score 5), it was present in
the sample with a frequency of 2.56% (Fig. 4).
Carabelli trait is considered to be a Caucasoid trait [37]. Hanihara [38]
observed low frequencies of this trait in Japanese, and higher in American
population, finding that this trait distinguishes Caucasoid populations of Asia and
also that, in the latter ones, the groove and pit forms are dominant. Also, Turner
[39] found significant patterns in sinodont people (South American indigenous and
North Eastern Europeans).

Figure 3. Carabelli cusp on UM1; border
highlighting the cusp; M – mesial,
B – buccal.

Figure 4. Frequency (in %) by scores of Carabelli trait
in the analysed sample.
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Metaconule. The presence of cusp 5 (metaconule) on the upper molars occurs
with frequencies of 23.08% in UM1, and 18.19% in UM2 (Fig. 5). It appears under
different expressions (scores), the highest frequency having the metaconule
assigned to score 2 (trace cuspule present, according to ASUDAS definition) –
9.09% in UM2 molars, and 10.26% in UM1 molars.
Better outlined metaconules were also recorded. In the form of a small cusp
(score 3), it has been identified with frequencies 5.13% in UM1 and 4.55% in UM2,
while larger cusps (scores 4 and 5) were found especially in UM1. Only two UM1
recorded metaconule with a score 4 (5.13%), and only one UM1 had metaconule
with score 5 (2.56%).
We notice a low frequency for this trait in the analysed dental sample,
compared to the frequencies reported for other populations. For example, a
frequency of about 80% is recorded in Aboriginal populations [40], were various
degrees of expression of the metaconule are observed on maxillary molars.

Figure 5. Metaconule cusp on UM2;
border highlighting the cusp; M – mesial,
B – buccal.

Figure 6. Frequency (in %) by scores of metaconule cusp
in the analysed sample.

Enamel extensions. These are thin lines of enamel which project downward
from the buccal and/ or lingual cervical enamel borders towards the root
bifurcations of molars. The scores range from 0 to 3, with 0 indicating no extension
and 3 meaning an extension more than 4 mm. This non-metric trait was identified
on only four molars of the UM1 sample; its score was in type 2, measured by a
moderate extension. In terms of distribution, enamel extensions occur with low
frequencies (0–10%) among Western Eurasians. The trait appears most often (40–60%)
in American and East and North Asian populations [41].
Parastyle. Parastyle is rare in the present human populations, and very little
information is available regarding its occurrence, owing to its low incidence [42].
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Expression of this trait can range from a small pit or attached cusp to a very large
cusp with a free-standing apex. It appears mostly on the upper third molars, although it
is sometimes observed on the first and second molars, as well [35]. However, some
studies report a higher occurrence in Indians, compared to other populations [43,44].
This trait was not identified in the analysed dental sample.
CONCLUSIONS

This study aimed at examining the dental morphology of upper first and
second molars (UM1 and UM2) in a sample of human remains recovered from the
Mausoleum Crypt of the First World War Heroes in Iași. The results obtained
highlighted a morphological variability of non-metric characters, but also
similarities, indicating that individuals belonged to a same group.
The similarities refer to the constant incidence of metacone and hypocone in
all analysed individuals; particularly, the predominance of scores 4 and 5 for these
two cusps could be an evidence supporting our conclusion.
Carabelli trait, metaconule and enamel extensions were identified on a small
number of molars. The parastyle was not identified in the studied dental material.
Despite the small sample size, this research provides important data on dental traits
in a human group. These will allow us to understand the human biological diversity
of this region, in association with historical events.
REFERENCES
1. POPOVICI M., GROZA V.-M., BEJENARU L., PETRARU O.-M., Geometric morphometrics of
the second molar teeth within the human population from the late medieval city of Iași, Romania,
Archaeometry, 2022, doi: 10.1111/arcm.12790.
2. MORENO-GÓMEZ F. Sexual dimorphism in human teeth from dental morphology and
dimensions: A dental anthropology viewpoint. In: MORIYAMA H., (Ed.) Sexual Dimorphism:
IntechOpen; 2013, p. 97–124.
3. HIGGINS D., AUSTIN J.J., Teeth as a source of DNA for forensic identification of human
remains: a review, Sci Justice, 2013, 53, (4) 433–41.
4. PETRARU O.-M., GROZA V.-M., BEJENARU L., Dental macrowear as marker of diet:
considerations on the skeletal sample from the 17th century necropolis of Iaşi (Iaşi County,
Romania), Annuaire Roumain d'Anthropologie, 2018, 55, 45–54.
5. CLEMENT A., HILLSON S., “Do larger molars and robust jaws in early hominins represent dietary
adaptation?” A New Study in Tooth Wear, Archaeology International, 2013, 16, (2012–2) 59–71.
6. HILLSON S., Recording dental caries in archaeological human remains, Int J Osteoarchaeol,
2001, 11, (4) 249–89.
7. HILLSON S. Teeth. USA: Cambridge university press; 2005.
8. SCOTT G.R., TURNER C.G., TOWNSED G.C., MARTINON-TORRES M. The anthropology
of modern human teeth: dental morphology and its variation in recent and fossil Homo sapiens:
Cambridge University Press; 2018.
9. POPOVICI M., GROZA V.-M., BEJENARU L., PETRARU O.-M., Non-metric variation of the
lower second molar (M2) in the 17th century human population from Iaşi city (Romania),
Annuaire Roumain d'Anthropologie, 2021, 58, 13–23.

214

Mariana Popovici et al.

208

10. PETRARU O.-M., GROZA V.-M., BEJENARU L., POPOVICI M., Dimension variability of the
M2 human molar teeth: comparisons between prehistoric and medieval samples, European
Journal of Anatomy, 2022, in press.
11. MARTINÓN-TORRES M., DE CASTRO J.B., GÓMEZ-ROBLES A., ARSUAGA J.L.,
CARBONELL E., LORDKIPANIDZE D., et al., Dental evidence on the hominin dispersals during
the Pleistocene, Proceedings of the National Academy of Sciences, 2007, 104, (33) 13279–82.
12. GARCÍA‐CAMPOS C., MARTINÓN‐TORRES M., MARTÍN‐FRANCÉS L., MARTÍNEZ DE
PINILLOS M., MODESTO‐MATA M., PEREA‐PÉREZ B., et al., Contribution of dental tissues
to sex determination in modern human populations, American Journal of Physical Anthropology,
2018, 166, (2) 459–72.
13. GÓMEZ-ROBLES A., DE CASTRO J.M.B., MARTINÓN-TORRES M., PRADO-SIMÓN L.,
ARSUAGA J.L., A geometric morphometric analysis of hominin lower molars: Evolutionary
implications and overview of postcanine dental variation, J Hum Evol, 2015, 82, 34–50.
14. KONDO S., MANABE Y., Analytical methods and interpretation of variation in tooth
morphology, J Oral Biosci, 2016, 58, (3) 85–94.
15. TOWNSEND G., BOCKMANN M., HUGHES T., BROOK A., Genetic, environmental and
epigenetic influences on variation in human tooth number, size and shape, Odontology, 2012,
100, (1) 1–9.
16. FARZIN M., GITI R., HEIDARI E., Age-related changes in tooth dimensions in adults in Shiraz,
Iran, J Int Oral Health, 2020, 12, (7) 24.
17. GARN S., LEWIS A., KEREWSKY R., Sex difference in tooth shape, J Dent Res, 1967, 46, (6)
1470–.
18. DELGADO M.N., PEREZ-PEREZ A., GALBANY J., Morphological variation and covariation
in mandibular molars of platyrrhine primates, Journal of morphology, 2019, 280, (1) 20–34.
19. GAUTA I., VAZDAR M.A., VODANOVIC M., Human molar crown traits in Croatian medieval
and contemporary populations/Morfoloske osobitosti humanih kutnjaka u srednjovjekovnoj i
suvremenoj hrvatskoj populaciji, Acta Stomatologica Croatica, 2010, 44, (1) 3–17.
20. RATHMANN H., STOYANOV R., POSAMENTIR R., Comparing individuals buried in flexed
and extended positions at the Greek colony of Chersonesos (Crimea) using cranial metric, dental
metric, and dental nonmetric traits, International Journal of Osteoarchaeology, 2022, 32, (1) 49–63.
21. LÓPEZ-ONAINDIA D., SCHMITT A., GIBAJA J.F., SUBIRÀ M.E., Non-metric dental analysis
of human interactions around the Pyrenees during the Neolithic and their biological impact,
Annals of Anatomy-Anatomischer Anzeiger, 2022, 151895.
22. SUJITHA P., BHAVYAA R., MUTHU M., KIRTHIGA M., Morphological variations and
prevalence of aberrant traits of primary molars, Annals of Human Biology, 2021, 48, (4) 294–306.
23. ACHARYA A.B., SEHRAWAT J.S., Morphological dental trait examination of Ajnala skeletal
remains and their possible population affinity, The Journal of Forensic Odonto-stomatology,
2021, 39, (1) 24.
24. MAARANEN N., ZAKRZEWSKI S., KHAROBI A., STANTIS C., PRELL S., BIETAK M., et al.,
The people of Avaris: Intra-regional biodistance analysis using dental non-metric traits,
Bioarchaeology of the Near East, 2021, 15, 1–24.
25. GREENBERG J.H., TURNER C.G., ZEGURA S.L., CAMPBELL L., FOX J.A., LAUGHLIN
W., et al., The settlement of the Americas: A comparison of the linguistic, dental, and genetic
evidence [and comments and reply], Current anthropology, 1986, 27, (5) 477–97.
26. BAILEY S.E., HUBLIN J.-J. Dental perspectives on human evolution: state of the art research in
dental paleoanthropology. Berlin: Springer 2007, 409 p.
27. WATERS-RIST A.L., BAZALIISKII V.I., GORIUNOVA O.I., WEBER A.W., KATZENBERG
M.A., Evaluating the biological discontinuity hypothesis of Cis-Baikal Early versus Late
Neolithic-Early Bronze Age populations using dental non-metric traits, Quaternary International,
2016, 405, 122–33.
28. CORRUCCINI R.S., SHIMADA I., Dental relatedness corresponding to mortuary patterning at
Huaca Loro, Peru, American Journal of Physical Anthropology, 2002, 117, (2) 113–21.

209

Non-Metric Traits of Human Upper First and Second Molars in a Skeletal Sample
from the Mausoleum Crypt of the First World War Heroes in Iași, Romania

215

29. STOJANOWSKI C.M., SCHILLACI M.A., Phenotypic approaches for understanding patterns of
intracemetery biological variation, American journal of physical anthropology, 2006, 131, (S43)
49–88.
30. VĂLEANU M.-C., GROZA V.-M., BEJENARU L., SCUTARU S.-F., Rezultatele cercetării
arheologice efectuate la restaurarea Monumentului Eroilor din Primul Război Mondial din
cartierul Galata din Iași, Cercetări istorice, 2021, XL, 249–76.
31. GROZA V.-M., BEJENARU L., VǍLEANU M.-C., Bioanthropological study of human skulls
from the Mausoleum Crypt of the First World War Heroes, in Iaşi (Iaşi county, Romania),
Memoirs of the Scientific Sections of the Romanian Academy, 2021, Tome XL, IV, 91–102.
32. GROZA V.-M., POPOVICI M., BEJENARU L., PETRARU O.-M., Dental pathologies and
anomalies in a sample of human skulls from the Mausoleum Crypt of the First World War heroes,
in Iaşi (Iaşi county, Romania), Memoirs of the Scientific Sections of the Romanian Academy,
2021, Tome XL, IV, 103–19.
33. TURNER C.I. Scoring produces for key morphological traits of the permanent dentition: The
Arizona State University dental anthropology system. In: KELLEY M.A., LARSEN C.S. (Eds.),
Advances in dental anthropology. Advances in Dental Anthropology. New York: Wiley-Liss;
1991, pp. 13–31.
34. HILLSON S. Dental anthropology: Cambridge University Press; 1996.
35. SCOTT G.R., TURNER C.G. Anthropology of modern human teeth: Cambridge University Press
Cambridge; 1997.
36. SPRINGS PACELLI C., MÁRQUEZ-GRANT N., Evaluation of dental non-metric traits in a
medieval population from Ibiza (Spain), Bulletin of the International Association for
Paleodontology, 2010, 4, (2) 16–28.
37. KHUDAVERDYAN A.Y., Non-metric dental traits in human skeletal remains from
Transcaucasian populations: phylogenetic and diachronic evidence, AnthropologicAl review,
2014, 77, (2) 151–74.
38. HANIHARA T., Dental and cranial affinities among populations of East Asia and the Pacific:
The basic populations in East Asia, IV, American Journal of Physical Anthropology, 1992, 88, (2)
163–82.
39. TURNER 2ND C., Advances in the dental search for Native American origins, Acta
anthropogenetica, 1984, 8, (1–2) 23–78.
40. TOWNSEND G., YAMADA H., SMITH P., The metaconule in Australian Aboriginals: an
accessory tubercle on maxillary molar teeth, Human biology, 1986, 851–62.
41. HADDOW S.D. Dental morphological analysis of Roman era burials from the Dakhleh Oasis,
Egypt. London: UCL (University College London); 2012.
42. NELSON S.J. Wheeler's dental anatomy, physiology and occlusion-e-book: Elsevier Health
Sciences; 2014.
43. KUSTALOGLU O.A., Paramolar structures of the upper dentition, Journal of Dental Research,
1962, 41, (1) 75–83.
44. CHOWDHARY Z., GUPTA D., MOHAN R., BAJAJ A., Parastyle cusp: A rare morphologic
variant of maxillary second molars, Journal of forensic dental sciences, 2018, 10, (2) 111.

