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Maxillary Incisors being the anterior teeth hold great importance for function and esthetics.
Different morphological traits can affect the shape of incisors. Shoveling is a non-metric
morphological trait predominantly seen in maxillary incisors and is characterized by prominent
mesial and distal ridges enclosing a central fossa on the lingual surface of incisors. Objective:
Todetermine the frequency of shovel shaped Incisorsandits distributionaccordingtogenderin
alocal population of Punjab, Pakistan. Methods: The study was a cross-sectional study carried
out on 176 students of age between 17-23 years. Probability, stratified random sampling
technique was employed and the study was conducted from March, 2023 to November, 2023.
The participantstaken for the study were carefully examined clinically to diagnose the presence
or absence of this trait. Results: Out of total population of 176, only 55(31.2%) individuals were
positive for shoveling trait. Among the positive individuals, no gender predilection of this trait
was observed. Conclusion: Non-metric dental traits can be assessed to identify ethnic groups,
forensicodontologyandinform clinicalmanagementinvarious dental procedures.
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INTRODUCTION

Odontogenesis is a complex yet well-requlated process. It
is a highly diverse phenomenon which involves molecular
factors that interact throughout prenatal and postnatal
development. Tooth crown features are a result of this
diverse process and is controlled by interaction of
chemical signals between neighboring and distant cells.
Hence the variationinthe normal morphology of atoothisa
result of simultaneously acting genetic as well as
environmental factors[1]. The study of dental traits and its
relation with human development by linking it to the past
and present population is called Dental Anthropology [2].
Trait is defined as a characteristic feature that distinguish
an individual and its frequency of occurrence varies in

different populations [3]. Study of dental morphology in
relation to dental anthropology requires to understand the
way in which frequency, sexual dimorphism and
symmetrical distribution of tooth crown morphological
traits (TMCT) vary in permanent teeth in different
populations [4]. Dental traits are broadly classified as
metric and non-metric traits. Metric traits are those which
can be readily quantified for example, crown height, length
and width. While non-metric traits are those which show
variation in normal anatomy. These may be present or
absent, with a variable frequency in different population in
certain period of time. Examples of such traits include
labial curvature, Shovel-shaped incisors and Carabelli's
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cusp [5]. The non-metric dental traits are heritable
features that express morphological variation within one
populationandamongdifferent populationsaswell. Hence,
they can be used in comparing the culture, history and
biological progress of early and modern humans[6]. These
traits are particularly useful in clinical dentistry, oral
pathology, tooth morphology, dental anthropology and
forensics [7]. Non-metric dental features provide unique
insights into the evolutionary history and genetic makeup
of the human population [8]. Teeth are having the
strongest structure due to its highest mineral content and
can serve as excellent source of study material in forensic
and genetic as they remain preserved after any disaster or
explosion. Due to this, the non-metric dental traits can be
used by forensic odontologist to help identify a person or
differentiate between races[9, 10]. Among the non-metric
traits incisor shoveling has attained high attention for the
forensic odontologists and anthropologists [11]. Incisors,
being the anterior group of teeth, hold an important
position in oral cavity both esthetically and functionally.
According to studies incisors have a high tendency of
acquiring multiple morphological variations that can be
influenced genetically or environmentally. This includes
peg shaped incisors, shoveled incisors, dens invaginatus,
barrel shaped or cone shaped incisors [12]. Shoveling is a
characteristic predominantly seenin maxillary incisors and
occasionally in mandibular incisors. It is defined by
prominent mesial and distal ridges enclosing a central
fossaonthelingual surface of incisors[13]. The prevalence
of this feature varies among different population and
ethnic groups. Incisors shoveling was reported in 1920 by
Hrdlicka and he proposed it as a trait of Mongoloid
dentition. High prevalence has been reported in Eskimos,
Pima Indians, North American Indians, and Aleuts [3].
Shoveling of teeth has been previously classified in
different grades in 1963 by Hanihara and later in 1998 by
Sciulli. Followingisthe grading criteria:

Grade 0: Noshovel-shape, lingual surface smooth.

Grade 1: Semi shovel-shape, slight elevation of marginal
ridges.

Grade 2: Shovel, marginalridges easily seen.

Grade 3: Strong or marked shovel when marginal ridges are
broadandhigh[14].

Understanding the prevalence of this morphological trait is
essential for dental practitioners to identify and manage it
effectively [15]. Pakistan is a diverse nation with a rich
blend of ethnic groups. However, data on the prevalence of
shovel-shapedincisorswithinthe country remainslimited.
Non-metric dental traits such as shovel-shaped incisors
represent genetically heritable morphological variations of
significant value in dental anthropology, forensic
odontology, and clinical dentistry, as they enable
population differentiation, ethnic identification, and
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informed treatment planning for conditions such as caries
susceptibility associated with deep lingual fossae. While
the prevalence of incisor shoveling has been extensively
documented across diverse global populations including
North American Indigenous groups, South and East Asian
populations, and various Indian subpopulations, data
specific to Pakistani ethnic groups remain extremely
limited, with only isolated studies from regions such as
Abbottabad, leaving the prevalence and gender
distribution of this trait in Punjab's population largely
uncharacterized. Pakistan's ethnic and genetic diversity,
shaped by centuries of migration, culturalinterchange, and
geographic variation, makes it a uniquely valuable yet
understudied setting for dental anthropological research,
and the absence of local prevalence data constrains both
forensic identification capabilities and clinical awareness
among dental practitioners in the region. This study
therefore aimed to determine the frequency of shovel-
shaped maxillary incisors and examine its distribution
accordingtogenderamongundergraduate dental students
representing thelocal population of Punjab, Pakistan.

METHODS

The study was designed as a cross-sectional quantitative
investigation. The current study was conducted at FMH
College of Medicine and Dentistry after taking approval
from Institutional Review Board (Ref No. FMH-01-2020-
IRB-715-M), Lahore conducted from March, 2023 to
November, 2023. The sample size was calculated by the
following formula using 6% margin of error and on based of
finite population 478.
n=—— n =176

1+Ne?

Atotal of 176 undergraduate dental students were included
inthe study after taking theirinformed consent. Probability
Stratified Random sampling was employed to gather
participants from the BDS program, encompassing
students from the Tst to the final year. The study included
Maxillary Incisors in male and female students in the Tst
through 4th years of the BDS program, while those with or
missing Maxillary Incisors were excluded. Data were
collected through visual observations using dental
examination sets, following approval by the institutional
review board and obtaining informed consent from the
students. Participants were briefed on the procedure and
assured of sterilization and confidentiality. Observations
were made according to the criteria by Sciullias mentioned
above. Atleast two investigators observedandrecorded on
the proforma containing a section of gender, age,
presence/absence of traitand if present, grades of shovel-
shaped Maxillary Incisors. The statistical analysis was done
using SPSSversion 23.0. Descriptive statistics was applied
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to have frequency and percentage and Chi-square was
applied to compare between two genders. P-value of 20.05
was considered statistically significant.

RESULTS

In this study a total sample of n=176 was selected for the
estimation of frequency of shovel-shaped incisors out of
which 54 were males and 122 were females. The data for
number of individuals observed positive for this trait is
provided in the Table- 1. Out of total population of 176, only
55 (31.2%) cases were found to be having shovel shaped
incisors. Among the 54 males, only 17(31.4%) had shoveled
incisors of varying grades and out of 122 females, 38(31.1%)
had shoveled incisor of varying grades. The results showed
almost equal predilection of this trait in both the genders
(p=1.000).

Table1: Number of Individuals for Shovel-Shaped Incisors

Frequency of Trait

Gender Number of Individual Frequency (%)
Male 54 17(31.4%)

Female 122 38(31.1%)
Total 176 55(31.2%)

*p-value was found to be 1.000

The grades of shoveling were recorded according to the
previously published data. The results are shown in the
table-2.

Table 2: Frequency of Shovel Grades

Grades Frequency (%)
Grade 0 122(69.3%)
Grade 1 19(10.8%)
Grade 2 30(17%)
Grade 3 5(2.8%)
Total 176

Grade 0: Noshovel-shape, lingual surface smooth.

Grade 1: Semi shovel-shape, slight elevation of marginal ridges.
Grade 2: Shovel: marginalridges easily seen.

Grade 3: Strong or marked shovel when marginal ridges are broad
andhigh.

In the study population, grade 2 shoveling was observed
with the highest percentage of 17% (figurel). The
percentage of grade 1shoveling was 10.8% while only 2.8%
casesshowedgrade 3shoveling.

Figure 1: Grade 2 Shovel on Maxillary Left Central Incisor:
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Elevated and Thick Marginal Ridges with Deep Lingual
Fossa

DISCUSSION

Genetics greatly influences the morphology of a tooth,
highlighting the importance of studying dental morphology
for understanding demographic connections and
evolutionary ties. Identification of specific morphological
features and bite patterns not only provide valuable
insights into dental history but also help dentists in
planning optimal treatment for the best outcomes. As due
to presence of shoveling, suchincisors may developaroom
for caries to develop. Very few studies are done in Pakistan
to explore such traits as comparative study of different
morphological traits provides distinction among
populations and may also aid the forensic odontologists to
explore specific features in different people to help their
identification [16]. Therefore, our study was designed to
investigate the frequency of shoveling in a sub population
in Punjab, Pakistan. Frequency of shoveling has been
investigated in different populations and according to data
it was found that this trait is most commonly seenin North
American, South American and north Asian populations
[5]. The current study showed that only 31% of the sample
population had varying grades of shovel-shaped incisors.
Accordingtoastudyin Native Americans some percentage
of shoveling is seen in almost every individual [1]. In a local
study conducted in Abbottabad among different ethnic
groups a lower frequency of shoveling was found [17]. In
another study in Odisha and Kerala states of India, a low
frequency of shoveling (15%) was found [18]. Contrary to
this, anotherstudy donein Vidarbha subpopulation showed
that 88% of Maxillary Incisors had shoveling that is much
higher as compared to the results of present study [9].
Although shoveling do not exhibit sexual dimorphism yet
many studies showed a higher female tendency as
compared to males. Our findings also indicated no gender
predilection regarding the shovel shaped incisors.
Contrary to it, a study conducted in Nepal among the
Newari children of Bhaktapur, a slightly higher male
predilection of shoveling was seen than females. They
reported 45.5% shoveling in males and 40.6% in females
[19]. Another study of school children from Gujrat state,
India also showed more shoveling in males than females
[5]. Ina previous study conducted in Brazil, shoveling was
foundto be more prevalentinfemales(66.7%)thanin males
(33.3%) in another study conducted among Asian
population, females had higher incidence of shoveling as
comparedtomen[20,21]. Theseresultsare contrary to our
study where only 31.1% females were found to be positive
for this trait as compared to men which were 31.4%. The
variation in results may be due to difference in population
andareainvolvedalongwiththe geneticfactorsinvolved.

This study was constrained by its relatively small sample of
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176 undergraduate dental students fromasingle institution
in Lahore, which limits the representativeness of findings
for Punjab's broader and ethnically diverse population, as
student populations may not accurately reflect the general
demographic distribution of the province. The restriction
to maxillary incisors and the exclusion of mandibular
incisors, combined with reliance on clinical visual
examination rather than dental casts or three-dimensional
imaging, may have introduced observer variability and
underestimated subtle grades of shoveling. Additionally,
the absence of ethnic background data, family ancestry
information, and genetic profiling precluded a deeper
understanding of the hereditary and population-specific
determinants of this trait. Future research should employ
multicenter, population-based designs incorporating
participants from diverse ethnic and geographic
backgrounds across all provinces of Pakistan, using
standardized dental cast analysis or digital scanning
methodologies to enhance measurement precision and
reproducibility. Expanding investigations to include other
non-metric dental traits alongside shoveling, and
correlating findings with genetic and anthropological data,
would substantially enrich Pakistan's dental anthropology
evidence base and strengthen the forensic and clinical
utility of such research for population identification and
individualized dental care.

CONCLUSIONS

Non-metric morphological traits help in identification of a
population and an individual belonging to different
ethnicity. In our study shoveling was found in 31.2% of the
studiedindividuals with no gender predilection. As the data
regarding this trait in Pakistani population is limited, it
should be explored furtherindetailamong more population
groupsandinother provinces of Pakistan.
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