DOI: 10.21088/ijfmp.0974.3383.18425.5 Indian Journal of Forensic Medicine and Pathology
Volume 18, Number 4, October - December 2025

ORIGINAL ARTICLE

The Morphometric Variation of Human Lips: A Cheiloscopic Study in
Forensic Sex Determination

Adrita Mukherjee', Sreedatri Pal?>, Dibyashree Goswamji?,
Arijit Dey*, Diptendu Chatterjee’, Biswarup Dey®

How TO CITE THIS ARTICLE:

Mukherjee A., Pal S., Goswami D., et al. The Morphometric Variation of Human Lips: A Cheiloscopic Study in
Forensic Sex Determination. Indian ] Forensic Med Pathol. 2025 Oct-Dec; 18(4): 239-246.

ABSTRACT

Background: Lip print is a common type of evidence found in a forensic context.
The determination of the sex from an in-situ lip print is a critical job.

Aim and Objectives: The present study aimed to investigate the sexual dimorphism
present in lip groove patterns and Cupid’s bow morphology for sex determination.

Materials and Methods: The bilateral lip prints were obtained from 100 healthy
youths, including 49 males (23.82+8.52) and 51 females (22.25£7.49) from North
24 Pargana District, West Bengal. All the prints were analyzed to quantify total
grooves, vertical, cross, and fork-type grooves on both upper and lower lips.

Results: Males exhibited a significantly (p<0.05) higher count of vertical grooves
on the lower lip, whereas females showed a significantly (p<0.05) higher count
on the upper lip. However, the Cross-type grooves were significantly (p<0.05)
dominant in both lips of the studied females. Total groove count across both lips
was also significantly (p<0.05) higher in females. However, the fork-type grooves
in the lower lip showed a significantly higher (p<0.05) count in males. Apart from
those, Cupid’s bow morphology showed distinct patterns among the males and

AUTHOR’S AFFILIATION:

!Postgraduate Student, Department of Forensic Science, SOBAS, Adamas University, Barasat, West Bengal, India.
?Postgraduate Student, Department of Forensic Science, SOBAS, Adamas University, Barasat, West Bengal, India.

*Former Postgraduate Student, Department of Forensic Science, SOBAS, Adamas University, Barasat, West Bengal,
India.

* Associate Professor, Department of Forensic Medicine & Toxicology, All Indian Institute of Medical Science, Kalyani,
West Bengal.

®Professor, Department of Anthropology, University of Calcutta, Kolkata, West Bengal, India.

¢ Assistant Professor, Department of Forensic Science, SOBAS, Adamas University, Barasat, West Bengal, India.

CORRESPONDING AUTHOR:
Biswarup Dey, Assistant Professor, Department of Forensic Science, SOBAS, Adamas University, Barasat, West

Bengal, India.
E-mail: biswa.anth@gmail.com

» Received: 29-07-2025 > Accepted: 07-10-2025

® @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution NonCommercial
@ 4.0 License (http://www.creativecomnions.org/licenses/by-nc/4.0/) which permits non-Commercial use, reproduction and distribution of
ML the work without further permission provided the original work is attributed as specified on the Red Flower Publication and Open Access

pages (Lt




240 Indian Journal of Forensic Medicine and Pathology

females, V-type structures significantly (p<0.05) predominated in the upper lips
of males, while W-type structures were significantly (p<0.05) frequent in females.
However, the lower lip showed significant (p<0.05) sexual dimorphism, with
round structures significantly (p<0.05) prevalent in males and flat structures in

females.

Conclusion: Therefore, lip print analysis can be used as a reliable indicator for
individual and gender identification in a Forensic context.
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INTRODUCTION

Human identification is an important
aspect of forensic science, which relies on
anatomical and biological characteristics such
as fingerprints, skeletal morphology, and
physiological traits (Christensen et al., 2013).
This multidimensional process comprises both
identification and exclusion, with substantial
implications for legal proceedings (Christensen
et al., 2013). Lavelle Davis was wrongfully
convicted in 1997 based on unvalidated lip
print evidence, with experts falsely claiming it
asanaccepted identification method (Exoneree,
Centre on Wrongful Convictions, n.d.-a).
His conviction was overturned in 2006 when
independent experts and the FBI discredited
lip print analysis (Exoneree, n.d.-a). Though
unique and potentially stable like fingerprints
(Srivastava et al., 2013), their forensic validity
remains debated. Research by Santos, Suzuki,
and Tsuchihashi confirmed individuality in lip
prints, even among twins (Prabhu et al., 2012).

Forensic scienceis the application of scientific
procedures to the judiciary (Saferstein, 2019),
with biometric features such as lip prints
(Cheiloscopy) gaining evidentiary significance,
particularly from surfaces such as glasses, skin,
or cigarette butts, particularly incasesinvolving
physical proximity or violence. Their potential
utility in gender determination, comparative
analysis, and personal identification has
generated growing interest in forensic circles
(Vahanwala & Parekh, 2000). These lip prints
exhibit distinct and permanent sulci labiorum
patterns that remain throughout life unless
altered by trauma (Sivapathasundharam et al.,
2001). Suzuki and Tsuchihashi (1970) called
these grooves “sulci labiorum rubrorum” and
offered a six-type classification that is being

used today (Sharma et al., 2017; Prabhu et al.,
2012).

Lip grooves emerge as early as the sixth
week of intrauterine life (Mohd et al,
2023), coinciding with the development of
dermatoglyphics (Cummins & Midlo, 1961)
and facial features (O'Rahilly, 1972, Noden,
1978; Couly et al., 1992; Hinrichsen, 1985;
Yoon et al., 2000). Fingerprint minutiae, ridge
ends, bifurcations, and islands are critical in
identification (Wilder & Wentworth, 1918;
Banerjee & Sarkar, 1983). Twins may have
similar lip prints (Vahanwala et al., 2005), yet
they are separate (Peterson, 2009). Lip prints
may require powder procedures for visibility
and have the possibility for DNA analysis,
which has yet to be completely investigated
(Sharma et al., 2009; Prabhu et al., 2012).
Quantitative lip print investigations are limited
but useful, with fork-like grooves reflecting
fingerprint fork minutiae serving as valuable
biometric identifiers (Prabhu, 2012).

Cupid bow is a facial feature where the
double curve on the upper lip is seen as a bow,
so that is called cupid bow (Houlton et al.,
2019). The peaks of the bow coincide with the
philtrum, giving a prominent bow appearance
to the lip (Houlton et al., 2019). Lower Cupid
area is a facial feature that’s seen on the
lower lip (Houlton et al., 2019). A significant
portion of the anthropometric research on the
mouth comes from the fields of dentistry and
maxillofacial surgery, and most of the literature
that looked into mouth dimensions reported
sexual dimorphism, with males displaying
larger mouth width, philtrum width, total lip
height, and lip volumes (Houlton et al., 2019).

The present study aims to examine the
morphometric analysis of grooves and the
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cupid’s bow to determine its potential in sex
determination.

MATERIAL AND METHODS

Sample collection

The study was conducted among 100 Bengali-
speaking adults, of whom 49 were males
(23.8248.52) and 51 were females (22.25+7.49)
from North 24 Pargana District, West Bengal.
A purposive random sampling was done
based on the availability of the participants at
the time of data collection. All the prints were
taken by the lipstick and tape method (Suzuki
& Tsuchihashi, 1970).

Selection of parameters

According to Suzuki and Tsuchihashi’s (1970)
lip print classification (Figure 1), the individual
groove patterns, TYPE I A (clear-cut vertical
grooves running across the lips), TYPE I B
(similar to type I A but does not run across
the lip), TYPE II (branched groove), TYPE
II (intersected grooves), TYPE IV (reticular
grooves), and TYPE V (undetermined) were
studied. Cupid’s bow structure (Figure 3) was
examined based on the classification of Snyder
(1950). The fork-type groove identification
(Figure 2) and count were done by 3X
magnification glass.

ATTITIVITTIY,
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170,
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Figure 1: Different types of Groove Patterns (Suzuki & Tsuchihashi, 1970)

Data collection and interpretation

All the collected bilateral (both upper and
lower lip) lip prints (Figure 2) were examined
by using a 3X magnification glass. The
groove patterns and cupid’s bow structure
were classified according to the standard
classification (Suzuki & Tsuchihashi, 1970;
Snyder, 1950). The tracing and counting of
different types of grooves and the structural
variation of cupid’s line were computed by
manual eye observation.

Figure 2: Locating Fork type Groves

Statistical Methods

All the data sorting and data validation are
done by Microsoft Excel 2013. The collected
data was interpreted by the Statistical Package
for Social Sciences (SPSS) version 23. Pearson’s
t-test and Chi? test were performed to measure
the sexual dimorphism of groove types and
Cupid’s bow structure. The cutoff was set at
95% probability limits.
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Figure 3: The structural variation of Cupid’s Bow
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RESULTS

Sexual Dimorphism of Grooves

Table 1 revealed the distribution of the vertical
grooves found on the lower and upper lips
for both males and females. The significantly

(p<0.05) higher count of vertical grooves on
the upper lips has been found among males in
comparison to females. However, the females
have a significantly (p<0.05) higher count of
vertical grooves in upper lips than the males.

Table 1: Distribution of vertical grooves among the lips of the studied participants

Variables Group N MEANSD SE t df P
Vertical grooves of the lower lip M ale 49 14.47+4.56*
0.65 4914 98 0.000
Female 51 10.06+4.42
Vertical grooves of the upper lip  Male 49 5.0243.7
0.53 -3.176 98 0.002
Female 51 7.41£3.78*

*p<0.05

Table 2 demonstrates the distribution of
the cross-type grooves on the lower and
upper lips of male and female subjects. The
significantly (p<0.05) higher count of cross-
type grooves on the upper and lower lips has

been found among females in comparison to
males. However, the distribution of cross-
type grooves was comparatively higher in the
upper lips than the lower lips in both sexes.

Table 2: Distribution of cross-type grooves among the lips of the studied participants

Variables Group N MEAN+SD SE t df P
Cross-type of the lower lip Male 49 72244 .68
0.67 -2.645 98 0.01
Female 51 10.31+6.76*
Cross-type of upper lip Male 49 1.06+1.51
0.22 -4.881 98 0.00
Female 51 3.7143.45*

*p<0.05

Table 3 revealed the distribution of total
grooves in the upper and lower lips among the
studied subjects. The females were documented

to have a significantly higher (p<0.05) count
of total grooves (including all types) than the
males in both upper and lower lips.

Table 3: Distribution of the number of grooves among the Upper and Lower lips of the studied participants

Variables Group N MeantSD t df P SE

Upper Lip Male 49 15.1£7.1
-2.94 98 0.00 1.13

Female 51 18.443.7*

Lower Lip Male 49 243+4.3
2.20 98 0.03 0.76

Female 51 22.6+3.2*

*p<0.05

Table 4 demonstrates the distribution of the
fork-type grooves. It was found that the upper
lips never revealed any significant sexual
dimorphism. However, the lower lips of the

studied males have a significantly higher
(p<0.05) presence of fork-type grooves in
comparison to the females.
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Table 4: Distribution of Fork type Groove among the Upper and Lower lips of the studied participants

Variable Group N Mean+SD t df P SE

Upper Lip Male 49 5.643.4 1.75
98 0.08 0.54

Female 51 47+1.7 1.73

Lower Lip Male 49 10.542.7* 9.92
98 0.00 0.48

Female 51 5.742.01 9.86

*p<0.05

Sexual dimorphism of the Cupid’s bow

Table 5 shows that the present study reveals
the cupid bow structure on the upper lip among
the subject population. However, among all the

types, the frequency of vertical types is higher in
males, and the frequency of U-shaped Cupid’s
line is higher among females.

Table 5: Distribution of cupid bow structure on upper lip [I (a)] among the studied participants

Cupid Bow Structure I(a)

F (o) R A% w Wa
Upper Lip N x2 (df 6)
(%) (%) (%) (%) (%) (%) (%)
Male 49 2 (4.081) 4 (8.16) 2(4.081) 13(26.53) 17 (34.69) 8(16.32) 3(6.122)
8.818
Female 51 6 (11.76) 1 (1.96) 2(3.92) 20(39.1)  10(19.60) 12 (23.52) 1 (1.96)

Table 6 demonstrates the prevalence of
different structural features of the lower lip
cupid’s line among both males and females.
The round structure is significantly (p<0.05)

prevalent among the studied males, where the
flat structure is significantly (p<0.05) dominant
among the studied females than the males.

Table 6: Distribution of cupid bow structure on lower lip (I b) among the studied participants

Cupid Bow Structure I(b)

F o R U v W Wa
Lower Lip N %2 (df 6)
(o) (%) (%) (o) (o) (%) (%)
Male 49 9(1836)  7(14.28) 20(40.81) 3(6.12) 6 (12.24) 2 (4.08) 2 (4.08)
14.544*
Female 51 22 (43.13) 9(17.64)  8(15.68) 1 (1.96) 4 (7.84) 1 (1.96) 6 (11.76)

*p<0.05 Legend: F - Flat, O - Oval, R - Round, U - U Shaped, V - V Shaped, W - W Shaped, Wa - Waved

DISCUSSION

Lip prints, composed primarily of grooves
known as sulci labiorum, are classified into
various types, among which fork-type or
bifurcation grooves have gained forensic
significance (Vahanwala & Parekh, 2000).
Studies have since recognized that bifurcation
grooves are challenging to replicate and
highly individualistic, making them reliable
indicators  for  personal identification
(Vahanwala & Parekh, 2000). According
to Sivapathasundharam et al. (2001), lip
print grooves, like fingerprints, remain
unalterable over time and are not affected by

aging, which further enhances their forensic
efficacy. Quantifying these fork-type grooves
involves counting bifurcation points and
analyzing their morphological characteristics
(Sivapathasundharam et al., 2001). Studies
have also suggested the potential of using
lip prints for DNA extraction, although this
remains largely theoretical and less involved
in practice (Prabhu et al., 2012). Wilson ef al.
(2012) utilized 3D facial data from 15-year-
olds in the Avon Longitudinal Study to
classify lip vermilion morphology. They found
philtrum shape, width, and Cupid’s bow to
be the most reliable traits. Bindal et al. (2015)
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studied 300 North Indians and observed sex-
based lip morphology variations, with type
II patterns most prevalent. Shang et al. (2024)
highlighted the vermilion’s layered structure
and ageing-related changes, such as hydration
increase and vascular decline. Campon et al.
(2019) emphasized cosmetic and procedural
aspects of lip cut repair, suggesting nerve
blocks and proper irrigation. Taher et al. (2007)
described vermilion reconstruction using
Z-plasty post-Mohs surgery for basal cell
carcinoma. Mommaerts et al. (2018) discussed
cleft lip repair and secondary corrections using
mucosal grafts. Ahmadi et al. (2012) examined
the inferior labial artery’s role in vermilion flap
design for cleft repair using cadaveric studies.
Houlton et al. (2019) assessed mouth width
in sub-Saharan populations using CT scans
and found no significant racial difference,
suggesting environmental influence. In
another study, Houlton et al. (2022) applied
morphometric analysis on South African CBCT
scans and reported that ageing reduced lip
height, increased mouth width, and loosened
oral features, with black individuals having
thicker lips exceeding dental margins.

Moreover, recent studies on mouth
morphology by Houlton et al. (2019, 2022)
explored the effects of sex and population
differencesamong South Africans, contributing
to forensic facial approximation. Lip print
analysis continues to rely seriously on the six-
fold classification system introduced by Suzuki
and Tsuchihashi (1970), which remains the
global standard in Cheiloscopic evaluations.
Apart from individual identification, fork-
type grooves also show sexual dimorphism,
aiding gender determination. Research
demonstrated that females often display more
presence bifurcations than males, offering an
auxiliary method for sex estimation in forensic
contexts (Vahanwala & Parekh, 2000; Busey et
al., 2021). This is particularly valuable when
traditional biometric evidence, such as DNA
or fingerprints, is compromised. Lip prints
recovered from items like cups, cigarettes, or
tissue paper can link suspects to crime scenes
and have proven helpful in cases involving
mass disasters or advanced decomposition
where other forms of identification fail (Pretty &
Sweet, 2001). The present study also confirmed
that the Vertical grooves count is significantly
higher (p<0.05) in females” upper lips and
males’ lower lip (Table 1). The cross-type
grooves are observed significantly (p<0.05)

higher among the females in both upper and
lower lips (Table 2). However, the distribution
of the total groove count revealed a significant
(p<0.05) sexual dimorphism as the females
have a significantly (p<0.05) higher count of
grooves in both upper and lower lips than
the studied males (Table 3). The significantly
higher (p<0.05) observation of fork-type
grooves in the lower lips of the studied males in
comparison to the females resulted in a marked
sexual dimorphism (Table 4). However, the
cupid’s bow of the upper lip of males shows
a predominance of V-type structure in males
and W-type structure in females. However, in
the lower lip, the males have a significantly
(p<0.05) higher prevalence of round structure
in males and flat structure in females, resulting
in a marked sexual dimorphism.

CONCLUSION

Based on the findings of the present study, it
can be suggested that the vertical, cross, fork-
type and total groove count have a defined
sexual dimorphism. Based on the prevalence of
the types of groove count and the localization,
a sex prediction can be made through the lip
impressions. Further, the structure of the upper
and lower lip cupid area can also be used as an
inclusive parameter for sex determination.
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