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INTRODUCTION

Forensic sciences deal with key areas to be included in 
judicial makeup that has been approved by both the court 
and the scientific community, which distinguishes truth 

from forged.[1,2] Identification of  individuals is a crucial 
task in forensic investigation.[3,4] Forensic odontology 
approaches include rugoscopy, cheiloscopy, bite marks, 
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radiographs, photographs, and molecular methods among 
which lip and palmprints are unique due to their stable 
physical form during the entire lifetime of  a person.[2,4‑7]

The study of  lip prints is defined as cheiloscopy and 
its importance was first mentioned by Fischer in 1902. 
Later they were used in the field of  criminology by Diou 
de Lille in 1930.[2] Development of  the lip starts in the 
fifth week in vitro and by the ninth week, the formation 
of  the upper lip development is completed and does not 
change for the rest of  human life, unless a pathology 
or severe trauma occurs.[8‑11] Lip prints are the fissures 
and lines found in the transition zone between the inner 
labial mucosa and the outer skin of  the lips.[2,4,9,10,12‑19] 
They are verified to recover after undergoing alterations 
like minor trauma, inflammation, and diseases like 
herpes; hence, they play a beneficial role in human 
identification.[2,8,12]

Although there are several classifications for lip prints, 
the most widely used classification was by Suzuki and 
Tsuchihashi and it is as follows[2,5,7,8,12‑15]: [Figure 1].
1. Type I: vertical grooves that run across the entire lip.
2. Type I’: vertical grooves that do not cover the entire 

lip.
3. Type II: Branched grooves.
4. Type III: Intersected grooves.
5. Type IV: Reticular grooves.
6. Type V: Grooves that cannot be morphologically 

distinguished.

The connecting link between lip prints and palmprints 
is recommended as the uniqueness of  lip prints in an 
individual are analogues to palmprints because of  their 
property of  absolute identity.[16]

The science of  dermatoglyphics involves the study 
of  palmprints and fingerprints and was coined by 
Cummins and Midlo in 1926.[2,17‑20] Palmprints are more 
distinctive than fingerprints because they include more 
information.[2,17] Detailed analysis of  palmprints has become 
vital to identifying the suspect and the related crime scene. 
Jain and Feng have mentioned that about 30% of  the latent 
prints recovered from crime scenes are from palms.[21,22]

The classification given by Wu et al.[18] was followed in the 
study for the palm inheritance analysis [Figure 2].

 Category 1: Palmprints with one principal line.
 Category 2: Palmprints with two principal lines and no 

intersection.
 Category 3: Palmprints with two principal lines and 

one intersection.
 Category 4: Palmprints with three principal lines and 

no intersection.
 Category 5: Palmprints with three principal lines and 

one intersection.
 Category 6: Palmprints with three principal lines and 

more than one intersection

Dermatoglyphic prints are produced before the 19th week 
of  pregnancy and are usually resistant to alterations due 
to age or environmental circumstances.[23,24] They are more 
often the product of  a biogenetic impact than the physical 
environment. Only prenatal exogenic or genetic factors can 
cause palm ridge injury and divergence from their typical 
configuration. It has been proven that sex chromosomes 
are one of  the variables that influence dermatoglyphic 
changes during maturation.[25] The presence of  the Y 
chromosome, as well as high testosterone levels, causes a 
delay in maturation.[19]

Figure 1: Lip print classification by Suzuki and Tsuchihashi
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The establishment of  dactyloscopy and cheiloscopy 
can be used as a reference in criminal case studies 
and civil litigations that may be useful, particularly in 
forensic science and justice. Only very few studies have 
been successfully established with lip print inheritance, 
whereas studies on the inheritance of  palmprints are 
scanty. Our present study was an attempt to find the 
correlation between inheritance in palm and lip prints 
and gender dimorphism in different parts of  south India. 
To the best of  our knowledge, a study of  the correlation 
between the inheritance of  two parameters, palmprints, 
lip prints, and their gender dimorphism by the digital 
method, is the first of  its kind performed in the southern 
state of  India.

MATERIALS AND METHODS

Study design
This was a cross‑sectional study conducted in the 
southern state of  India. The sample size was calculated 
using G‑power 3.1 software, and the calculations were 
based on an effect size of  0.371 with an alpha level of  0.05 
and the desired power of  80%; the estimated total sample 
size was 272 which was rounded to 280 participants. 
Family with two children willing to participate and give 
their lip and palm prints were included. Any participants 
with developmental/traumatic/corrected/pathological 
anomalies of  lips, palms, and participants worried about 
giving their lip and palm details were excluded. The 
study protocol was explained to participants, and written 
consent in both vernacular and English languages was 
taken.

Data collection
Lip and palm photos were obtained by using a digital 
camera (Canon EOS 3000 D DSLR) from all participants. 
While taking photographs, all participants were instructed 
to position their feet parallel to the floor and head straight 
for lip prints, and the palmar portion of  the upper arms 
parallel to the floor for the palm prints.

In the present study, lip print classification by Y Tsuchihashi 
and T Suzuki was followed. As there is no standard 
described protocol for segmentation of  the lip, a criterion 
by Dongarwar et al. and Vijay Kautilya et al. was adopted. 
Lip print data was divided into six segments (by making 
two vertical lines on either side lateral to the philtrum of  
lips) using Adobe Photoshop (V 15.0) for easy analysis by 
minimising overlapping lip patterns. Inheritance among 
parents and offspring was studied by comparing the lip 
prints in all six segments, and it was considered positive 
if  three or more segments show the same patterns among 
parents and offspring. Gender dimorphism was studied by 
evaluating the predominant lip patterns [Figure 3].

Obtained palm photo prints were studied according to Wu 
et al.’s classification. Inheritance among parents and siblings 
was assessed using principal lines (heart line, headline, and 
lifeline) as mentioned by Wu. et al. Gender dimorphism 
using palm photo print was studied by measuring the ridge 
density upon marking a 5 × 5 mm square on the palm in 
four areas (thenar eminence, hypothenar region, proximal 
triradius of  second and fifth digit) followed by counting the 
number of  ridges in each square. A comparison between 
lip and palm photo prints was made by evaluating the 

Figure 2: Palm print classification by Wu et al
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predominant lip photo prints to the predominant palm 
photo prints [Figure 4]. (According to Y Tsuchihashi and 
T Suzukis and Wu. et al., classifications)

Statistical analysis
All collected data were subjected to statistical analysis using 
SPSS software (V.21.0, IBM, NY). Descriptive analysis was 
performed, and a Chi‑square test was used to analyse the 
data. A P value < 0.05 was considered statistically significant.

RESULTS

Lip prints
In the present study, there was 28.3% lip pattern 
inheritance observed between parents to offspring with 
father–son (46.15%), mother–daughter (33.30%), mother–
son (30.70%), and father–daughter (14.80%) inheritance, 
which is statistically insignificant. However, there was a 
75% variation in inheritance which was noticed among 
siblings [Graph 1].

In the present study, there was a significant difference 
in each segment except upper left and lower right with 
an overall predominant lip print pattern in males and 
females being 11 suggestive of  no significant gender 
dimorphisms (Y Tsuchihashi and T Suzuki). In the upper 
left segment, both males and females showed type 3 as 
the predominant pattern. In the upper‑middle segment, 
the males had type 5 and females showed type 4 as the 
predominant pattern. In the upper right segment, the males 
showed 11 and females had type 3 as the predominant 
pattern. In the lower‑left segment, type 5 in males and 
type 11 are the predominant patterns. In the lower middle 
segment, type 4 is the most common pattern in males, 

whereas 11 is the most common pattern in females. In the 
lower right segment, both males and females exhibited 11 
as the predominant lip pattern [Table 1].

Palm prints
In the entire study palm inheritance between parents and 
offspring for the right palm (60.2%) with father‑son (66.6%), 
mother‑daughter (48.8%), mother‑son (63.6%), 
father‑daughter (64.4%) and for the left palm (55.12%) 
with father‑son (63.6%), mother‑daughter (48.8%), 
mother‑son (51.5%), father‑daughter (57.7%) which 
are statistically insignificant [Graph 2]. Among siblings’ 
variation of  inheritance in the right palm (40%) and left 
palm (50%), a correlation was found between 11 in lips and 
category 5 of  palms.

However, the mean palm ridge density was significantly 
higher among females than in males in all designated areas 
which is statistically insignificant [Table 2].

Figure 3: Adobe photoshop images of lip grooves and their patterns. *UL = upper left, UM = upper‑middle, UR = upper right, LL = lower left, 
LM = lower middle, LR = lower right
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Graph 1: Lip pattern inheritance
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DISCUSSION

Forensic odontology involves dentists in assisting legal and 
criminal issue investigations.[26] The moral responsibility of  
a dental surgeon is not only to diagnose and treat dental 
diseases but also dentist must have knowledge and awareness 
in forensic dentistry to help in investigating and identification 

at crime scenes.[14] Various approaches in forensic sciences 
include cheiloscopy, tooth prints, dermatoglyphics, bite 
marks, blood grouping, and DNA analysis, among which 
cheiloscopy and dermatoglyphics are unique in forensic 
sciences for the identification of  individuals.[2,4‑7]

Palmprints are more distinctive, reliable, and relatively 
a new biometric feature that contain more information 
than fingerprints in distinguishing the physiological 
characteristics between individuals and can easily be 
captured by low‑resolution devices.[2,17] Lip prints can be 
potential evidence, especially in cases lacking other evidence 
like fingerprints.[1,27,28]

Our study depicted similarities of  lip print patterns among 
parents and their offspring and is in accordance with other 
studies,[1,10] whereas, in one study, there were no similarities 
observed between parents and offspring in lip print patterns.[29]

Lip print inheritance
In 1932, Edmund Locard, the “French Sherlock Holmes,” 
was the first to advocate the use of  lip prints for personal 

Table 1: Gender dimorphism in lip patterns
Segments UL UM UR LL LM LR

Pattern in males 3 (41.6%) 5 (28.6%) 11 (26.0%) 5 (29.9%) 4 (37.7%) 11 (29.9%)
Pattern in females 3 (32.5%) 4 (28.9%) 3 (27.7%) 11 (38.6%) 11 (43.4%) 11 (39.8%)
Sig. (2‑tailed) 0.145 0.108 0.661 0.309 0.020 0.640

*UL=upper left, UM=upper‑middle, UR=upper right, LL=lower left, LM=lower middle, LR=lower right

Figure 4: Principal lines and palm ridge densities markings in four areas. P1 – 5 mm × 5 mm square was placed on the central prominent part of 
the thenar eminence, the orientation of the square being normal. P2 – 5 mm × 5 mm square was placed medially to the proximal axial triradius 
on the hypothenar region with the lower vertex of the square placed on the proximal axial triradii. P3 – 5 mm × 5 mm square was placed on the 
medial mount proximal to the triradius of the second digit, and the uppermost vertex of the square was placed on the triradii of the second digit. 
P4 – 5 mm × 5 mm square was placed on the lateral mount proximal to the triradius of the fifth digit, and the uppermost vertex of the square was 
placed on the triradii of the fifth digit
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identification and criminality. Many investigators have 
studied these lip creases and grooves, confirming their 
uniqueness in each individual and implying forensic use.[13] 
McDonell confirmed that even identical twins who were 
indistinguishable in every other way had varying lip prints 
in the research carried out in 1972.[30] These wrinkles and 
grooves seen on lips have been named by Tsuchihashi as 
“sulci laborium ruborum.”[13,14]

In the present study, the inheritance of  lip prints between 
parents and offspring was 28.3%, whereas other studies have 
shown a resemblance with a range from 37.6% to 83.3%.[15,31] 
which could be due to no standardised segmentation 
of  lips. In the present study, the author has adopted the 
model from Dongarwar et al. and Kautilya et al.[32,33] Even 
though the highest inheritance was found between father 
and son (46.15%), inheritance among the offspring (25%) 
was less when compared with a study by Augustine et al.[31] 
with a positive correlation among offspring in both studies.

Sexual dimorphism in lip prints
Gondivkar SM et al. have stated that lip patterns would help 
in predicting the gender with a high degree of  accuracy.[2,34] 
In the present study, the predominant lip pattern in males 
and females was type 11 and was in accordance with several 
studies.[9,35,36]

Predominant lip pattern
Although few previous research studies have classified 
other types of  lip patterns as predominant, type 11 was the 
most common in this study.[2,30,37‑40]

Palm category inheritance
Palmprints include the following characteristics: The 
palmprint and fingerprint share the same essential parts. 
As a result, palmprints are one of  a kind and will not 
alter over time. They can’t be faked, and the palmprint 
is significantly larger than the fingerprint. Apart from 
their uniqueness and stability, palmprints have other 
properties (major palmar flexion creases, triradius), and 
certain geometric characteristics can be derived when 
palmprints are taken.[2]

Evidence indicates there is a strong genetic pattern in 
palmprint formation.[39,40] Within the findings of  the 
present study, there is a genetic lineage in the inheritance of  
palm ridge patterns and the findings are in accordance with 
studies by Rajbongshi et al. and Temaj et al.[41,42]

Sexual dimorphism in palms
Even though Kanchan and Rastogi showed more ridge 
count in males, in our study, females showed more ridge 
count in all four designated areas than males, which is 
similar to the studies conducted by Gutiérrez‑Redomero, 
Cummins.[43‑46] These differences may be attributed to the 
larger average body proportions of  men than women, as 
stated by Kanchan et al.[44]

Predominant Palm category
The predominant palm category in the study is 5 which 
is similar to other studies by Wu et al. and Fang et al.[2,18,47]

There are inheritance patterns among parents and siblings 
with considerable gender dimorphism in palm and lip 
segment patterns. To determine gender dimorphism, these 
lip patterns and palm ridges can be applied in forensic 
investigation.

Limitations
Further multicentric research with a large sample size, 
involving different races and ethnic groups, would help in 
establishing the importance of  lip and palm inheritance and 
gender dimorphism in forensic investigations. A standard 
protocol for the segmentation of  lips would help in getting 
a universal reliable result.

CONCLUSION

Cheiloscopy and dermatoglyphics have good potential in 
crime investigation due to their frequent presence at the 
crime scene. Lip prints and palmprints can be used as an 
adjuvant tool during investigations, especially when other 
conventional pieces of  evidence are absent.
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