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A Comparative Fingerprint analysis of different ethnic groups of

Himachal Pradesh

ABSTRACT:

Fingerprint is the impression left by friction ridges of the fingertips. One of the important uses for
fingerprints is to help investigators link one crime scene to another involving the same person. Fingerprints
are considered as crucial evidences when it comes to individual identification. The fingerprint examination
involves analysis of various details such as fingerprint pattern types, ridge density and minutiae in order to
identify an individual. This vast amount of time and efforts could be saved if the investigation proceeds in
right direction. Preliminary results using fingerprint pattern dominance in particular ethnicity could help
investigation proceed in right direction. This study was conducted over 100 individuals from different
regions of Himachal Pradesh with 25 individuals from four different ethnic groups including Brahmins,
Rajputs, Schedule Tribes and Schedule Caste. Rolled impressions were recorded and analyzed. Statistically
significant database (at level p<0.05) was observed in these ethnic groups at the end of the analysis. In the
end of this study, it was deduced that ethnic groups do play significant amount of role in fingerprint patterns.

Keywords: Fingerprints, fingerprint patterns, ethnic groups, chi-square test, Himachal Pradesh.
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LR Radial loop

wC Concentric whorl

WSS Single Spiral whorl

WDS Double spiral whorl

AP Plain Arch

AT Tented arch

CPL Central pocket loop

LPL Lateral pocket loop

TL Twinned loop

A Accidentals

TFRC Total finger ridge count
AFRC Absolute finger ridge count
Introduction

Establishment of identity is one of the key processes in forensic sciences (Krogman & Iscan, 1986).
Fingerprint is one of the most commonly used features in establishment of identity (Dalrymple et al, 2002).
Fingerprint is an impression left by the friction ridges of the fingertips (Cumins & Midlo, 1943). The study of
ridge pattern of fingers, sole, and palm is known as Dactyloscopy. The word Dactyloscopy origin from the
ancient Greek word (daktylos means “finger”) and (skopeo means “look at”). It is the process of comparing
two fingerprint impressions which are likely to have same origin or not. Fingerprint is an impression of ridge
outline which appears on the anterior surface of finger of the proximal, middle and distal phalanges and same
on the thumb (Singla, 2020).

Forensic significance of fingerprints includes it offers a reliable means of personal identification as no two
fingerprints are identical. One of the important uses for fingerprints is to help investigators link one crime
scene to another involving the same person. Due to their means of identification, fingerprints are highly
important in criminal cases, including burglary, murder, or mass disaster incidents (Anon, 2022).

Ethnic diversity in Himachal Pradesh is a reflection of the regions rich historical, cultural, and social fabric,
characterized by the presence of various communities, including Brahmins, Rajputs, Scheduled Tribes (ST),
and Scheduled Castes (SC). Each of these groups contributes to the unique demographic mosaic of the state,
with distinct cultural practices, languages, traditions, and social hierarchies. The Brahmins and Rajputs,
historically associated with the priestly and warrior classes, respectively, have played significant roles in the
socio-political landscape of Himachal Pradesh. Brahmins are often regarded as custodians of religious
traditions, with many serving as priests, scholars, and custodians of sacred texts. Rajputs, on the other hand,
have historically been landowners and warriors, with a strong presence in the feudal structures that once
dominated the region. Their influence is still evident in the traditional leadership roles they occupy within
rural communities (Sharma, 2004). Scheduled Tribes (ST) in Himachal Pradesh including groups such as the
Gaddis, Kinnauras, and Lahaulis, inhabit some of the most remote and rugged terrains of the state, such as
Kinnaur, Lahaul-Spiti, and parts of Chamba. These tribes have preserved their unique cultures, languages, and
customs, often distinct from the mainstream Hindu traditions of the Brahmins and Rajputs. The Scheduled
Castes (SC), which include groups like the Chamars, Balmikis, and Halis, have historically been subjected to
social discrimination and economic marginalization under the traditional caste system (Singh, 2002).

Thus, the aim of this study was to compare the digital dermatoglyphic prints of ethnic populations residing in
North Indian State i.e. Himachal Pradesh. It was an attempt to analyze whether digital dermatoglyphic
features can be utilized for individual identification in ethnic population. This study could aid investigator to
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presumptively determine the suspect’s ethnicity, so that they could continue investigations in right directions
while waiting for the friction ridge impression to be processed.

Material and Methodology

One hundred respondents provided fingerprint samples from both hands, covering every finger. 25
fingerprint samples were gathered for comparison from each of the four communities- Brahmin, Rajput, SC
and ST. There were total of 1000 fingerprint samples collected. The individuals whose fingerprints were
taken belonged to all age groups varying from age of 10 to 80 and were residing in various districts of the
state i.e. Kangra, Chamba, Shimla, Solan, Kinnaur, Lahaul- Spiti, Una, Hamirpur, Bilaspur, Mandi.

The ink was applied evenly on the surface of the fingers after cleaning it thoroughly and then it was placed on
the paper and rolled from nail edge to nail edge and little pressure was applied on the finger so that smudging
of the fingerprint was avoided. Thus, the rolled finger impressions were obtained on the allotted space for
that finger on the A4 sheets. Fingerprints were collected on a Performa, with each ethnic group designated by
the letters A, B, C and D; persons belonging to those ethnic groups were marked A1-A2, B1-B25, C1-C25, and
D1-D25; male samples were marked A/B/C/D-F1, A/B/C/D-F2,...A magnifying glass was used for the sample
analysis. Using a magnifying lens, the fingerprint pattern types visible on the fingers were examined, and the
type of pattern found on each finger of the individual was noted.

Results and discussion

The chi-sq. Statistical test of independence was used to validate the significant differences in the data of the
ethnic groups analyzed.

14
12 - 20
1(; 1 15 -
T [ |
6 - ¥ Loops 10 - Loops
421 4 = Whorls c | ® Whorls
0 - Arches 0 Arches
© > S L )
S O ° & & e &
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a) Expected frequency of dominant fingerprint pattern in ethnic groups

b) Observed frequency of dominant fingerprint pattern in ethnic groups

For Brahmin group, the chi-sq. value was 2.494 for Loops, 2.630 for Whorls, 0.25 for Arches. For
Rajput group, the chi-sq. value was 0.118 for Loops, 0.022 for Whorls, 2.250 for Arches. For ST
group, the chi-square value was 2.943 for Loops, 3.674 for Whorls, 0.25 for Arches. For SC group, the
chi-square value was 0.231 for Loops, 0.196 for Whorls and 0.25 for Arches.

To obtain the chi-square statistical value, chi-square value of each dominant pattern of all the ethnic
groups were added to calculate sum of chi-square value. The final chi-square statistical value
obtained after the sum of all chi-square values was 15.308. Once the chi-square value was obtained,
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degree of freedom at 0.05 significance level was determined which came as 6. From the chi-square
distribution tables, the critical value was calculated which came as approx. 12.592.

The percentage value of loops in Brahmin group was 76%, 24% for whorls and 0% for arches, in
Rajput group loops were 48%, Whorls were 48% and arches were 4%, in ST group loops were 28%,
whorls were 72%, arches were 0%, in SC group loops were 60%, Whorls were 40% and arches were
0%

Sr. No. Ethnic groups Loops Whorls Arches 113
1. Brahmin 76% 24% 0% .
2. Rajput 48% 48% 4% i
3. ST 28% 72% 0% LN
4 sC 60% 40% 0% -

Percentage value of fingerprint patterns among the four ethnic groups

Chi-square statistical value (15.308) is compared with critical value (12.592). Since 15.308>12.592, the null
hypothesis was rejected. This concluded that there is significant association between ethnic groups and
dominant fingerprint patterns at 0.05 significance level.

Discussion

Comparative fingerprint analysis between the two ethnic groups i.e. Rajput and Brahmin was
conducted among the individuals of district Solan and Shimla by Baryah and Krishnan in 2020. According to
their study most commonly occurring patterns are Loops followed by whorls, composites and finally arches
in both the ethnic groups.

In present study, 1000 samples from four ethnic groups of all age groups were collected and
were analyzed on the basis of fingerprint pattern-types. For each finger, its fingerprint pattern was
determined and then dominant fingerprint pattern of the fingers of each individual was recorded. Once all the
dominant fingerprint patterns among each ethnic group were determined, the dominant fingerprint pattern
variation among the sexes of each ethnic group was also determined to check whether gender plays any role
in pattern dominance. Loops were found dominant whereas whorls were found less in Brahmin group, Loops
and whorls were equals dominant among Rajput group, Whorls were found dominant in ST group whereas SC
group has loops dominant but had significant amount of whorls in them. After the statistical analysis, it was
clear that ethnicities do play significant role in fingerprint pattern distribution but gender plays no role in
these variations.

The previous studies of dermatoglyphics pattern variation like Baryah and Krishnan (2020) were
conducted on two ethnic groups i.e. Brahmin and Rajput only, also the age group of the individuals whose
samples were taken were mostly young adults. While the present study was conducted over individuals from
four ethnic groups belonging from different age groups. Statistically using Chi-sq. of independence test, the
alternate hypothesis is accepting here while the null hypothesis is rejected.

This suggests that there is significant association between ethnic groups and dominant fingerprint
patterns at 0.05 significant levels. This concludes that the distribution of fingerprint pattern varies across
different ethnic groups. Chi-sq. of independence test is also used to check whether gender plays any role in
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pattern dominance. Here, the null hypothesis is accepting whereas the alternate hypothesis is rejecting which
suggests that gender does not have any role in these pattern dominances among the ethnic group.

Conclusion

Fingerprint pattern analysis plays an important role in criminal investigation. This study was focused on
application of dominant fingerprint pattern analysis data from the four ethnic groups of Himachal
Pradesh. The data from this study could be used as preliminary analysis for future reference purpose in
order to provide direction for the investigation that the particular fingerprint pattern found might belong
to a particular ethnic group.

This study investigated the distribution of dominant fingerprint patterns (loops, whorls, and
arches) within and between various ethnic groups as well as between the sexes. With 25 members from
each of the four ethnic groups—Brahmin, Rajput, ST, and SC—four groups were specifically examined.
To ascertain whether there was a significant correlation between the distribution of fingerprint patterns
and ethnic group as well if there’s any role of gender in these variations, a Chi-sg. test of independence
was performed. Every individual from all four ethnic groups had their fingerprint patterns recorded. As
well as to investigate any correlations between dominant fingerprint patterns and gender, data on sex
(male/female) were also gathered along with age and place.

After analysis, the result was deduced using chi-sq. statistical test which suggested that
ethnicity play significant role in pattern distribution while gender doesn’t play much role in pattern
distribution among those ethnicities. The statistical test verifies these results and indicates that the
observed differences in the fingerprint patterns among the four ethnic groups are statistically significant.
This suggests that ethnicity might influence the distribution of the dominant fingerprint patterns. This
analysis has found the evidence that different ethnic groups tend to variations in their dominant
fingerprint patterns. For eg: Brahmins predominantly have loops, whereas ST group predominantly have
whorls. The variation in patterns across group is unlikely to be due to random chances, indicating a
potential underlying relationship between the ethnicity and fingerprint patterns.

References

1. Baryan & Krishan (2020), Exploration of digital dermatoglyphics of two ethnicities of North
India- forensic and anthropological aspects. Forensic Science International: Reports, 2: 100055.

2. Ravi, M., & Ramesh, K. V. (2020). Fingerprint classification and identification algorithms for criminal
investigation: A survey. Materials Today: Proceedings, 110, 758-771.
https://doi.org/10.1016/j.matpr.2020.11.381
3. A. Atiku. “Fingerprint Pattern of Fulani and Higgi Ethnic Gps in Michika LGA, Adamawa State,

Nigeria.” Dutse Journal of Pure and Applied Sciences,2024,
https://doi.org/10.4314 /dujopas.v10ila.24.

4. Dwivedi, S. (2024). Functional foods in the Northwestern Himalayan region of India and their
significance: A healthy dietary tradition of Uttarakhand and Himachal Pradesh. Journal of Ethnic Foods.
https://doi.org/10.1186/s42779-024-00236-4



https://doi.org/10.1016/j.matpr.2020.11.381
Atiku.%20
Atiku.%20
Atiku.%20

183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229

FINGERPRINT ANALYSIS OF HIMACHAL ETHNIC GROUPS

5.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

Bashir, K. (2024). From invisible to visible: A concise review on conjugated polymer materials in latent
fingerprint analysis. Journal of Polymer Research. https://doi.org/10.1007/s10965-024-04086-1
Ashbaugh, D. R. (1999). Quantitative-qualitative friction ridge analysis: An introduction to basic and
advanced ridgeology. CRC Press.

Cole, S. A. (2001). Suspect Identities: A History of Fingerprinting and Criminal Identification. Harvard
University Press.

Cummins, H., & Midlo, C. (1943). Finger Prints, Palms and Soles: An Introduction to Dermatoglyphics. Dover
Publications.

Henry, E. R. (1900). Classification and Uses of Finger Prints. George Routledge and Sons.

Jain, A. K., Ross, A., & Prabhakar, S. (2007). An introduction to biometric recognition. IEEE Transactions on
Circuits and Systems for Video Technology, 14(1), 4-20.

Karmakar, R. N., & Mathiharan, K. (2011). Principles of Forensic Medicine & Toxicology. Jaypee Brothers
Medical Publishers.

Meuwly, D. (2009). Fingerprint Identification in Forensic Science. In A. K. Jain & S. Prabhakar (Eds.),
Handbook of Biometrics (pp. 1-23). Springer.

Moenssens, A. A. (1971). Fingerprints and the Law. Chilton Book Company.

Nandy, A., & Kumar, S. (2010). Principles of Forensic Medicine Including Toxicology. New Central Book
Agency.

Sam, M.. (2015). The Identification of Fingerprint Patterns. Journal of Forensic Sciences.

Schaumann, B., & Alter, M. (1976). Dermatoglyphics in Medical Disorders. Springer-Verlag.

Stoney, D. A., & Thornton, J. . (1986). A Critical Analysis of Quantitative Fingerprint Individuality Models.
Journal of Forensic Sciences, 31(4), 1187-1216.

R.L.Jantz, V.P. Chopra (1983).A comparison of dermatoglyphic methodologies in population studies Am. J.
Phys. Anthropol,, 60, pp. 61-67.

T. Kanchan, S. Chattopadhyay Distribution of fingerprint pattern among medical students ]. Indian Acad.
Forensic Med., 28 (2) (2006), pp- 65-68.

I.Singh, RK. Garg Finger dermatoglyphics: a study of thergjputsof himachal Pradesh
Anthropologist, 6 (2) (2004), pp. 155-156

H.D. Bansal, A.D. Badiye, N.S. Kapoor Distribution of fingerprint patterns in an indian population
Malaysian J. Forensic Sc., 5 (2014), pp. 18-21

B. Dorjee, S. Das, N. Mondal, J. Sen Dermatoglyphic variation among the Limboo of Sikkim, IndiaHOMO - J.
Comp. Hum. Biol, 66 (5) (2015), pp. 455-470

R.A. Boroffice. Digital dermatoglyphic patterns in a sample of the Nigerian populationAm. ]. Phys.
Anthropol.,, 49 (1978), pp- 167-169

E. Ekanem, M. Eluwa, G. Udoaffah, T. Ekanem, A. Akpantah Digital dermatoglyphic patterns of Annang
ethnic gp in Akwa Ibom State of Nigeria Internet J.Bio. Anthropol, 3 (1) (2008), pp. 1-4

J. Sen, T. Kanchan, N. Mondal A comparison of palmar dermatoglyphics in two ethnic indian populations
of North Bengal India ]. Forensic Sci., 56 (1) (2011), pp. 109-117.

Cummins, H., & Midlo, C. (1961). Finger Prints, Palms and Soles: An Introduction to Dermatoglyphics. Dover
Publications.

Meier, R. ]. (1980). Ethnic differences in dermatoglyphic patterns: A review. American Journal of Physical
Anthropology, 52(5S1), 143-170. https://doi.org/10.1002/ajpa.1330520508

Schumann, B., & Christiansen, J. (1997). Quantitative analysis of fingerprint patterns among different
ethnic gps. International Journal of Dermatoglyphics, 5(3), 112-118.

Holt, S. B. (1968). The Genetics of Dermal Ridges. Charles C Thomas.

Saldanha, P. H., & Guinsburg, R. (1973). Fingerprint pattern variability and population dynamics. Human
Heredity, 23(4), 349-357. https://doi.org/10.1159/000152576



https://doi.org/10.1007/s10965-024-04086-1

230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277

FINGERPRINT ANALYSIS OF HIMACHAL ETHNIC GROUPS

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43,

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

Gutiérrez-Redomero, E., & Alonso-Rodriguez, J. A. (2013). Fingerprint ridge density variations in different
human populations: A comparative study of gender and ethnic gp differences. Forensic Science
International, 232(1-3), 101-110. https://doi.org/10.1016/j.forsciint.2013.07.013

Sarma, C. K. (1983). Fingerprint patterns and ethnic gps: A comparative study of tribal and non-tribal
populations. Anthropological Review, 45(2), 129-138.

Kralik, M., & Novotny, V. (2003). Epidermal ridge breadth: An indicator of age and sex in
paleodermatoglyphics. Journal of Forensic Sciences, 48(5), 1-7. https://doi.org/10.1520/]FS2002296
Acree, M. A. (1999). Is there a gender difference in fingerprint ridge density? Forensic Science
International, 102(1), 35-44. https://doi.org/10.1016/S0379-0738(99)00037-7

Sodhi, G. S., & Kaur, J. (2005). Fingerprint ridge density as a potential indicator of gender in the Indian
population. Journal of Forensic Sciences, 50(1), 1-3. https://doi.org/10.1520/JFS2004278

Bhavana, D., Ruchi, ], & Ruchi, S. (2011). Gender differences in fingerprint ridge density in a Central
Indian population. Egyptian Journal of Forensic Sciences, 1(2), 80-86.
https://doi.org/10.1016/j.ejfs.2011.04.001

Mavalwala, J. (1977). The role of environment and genetics in dermatoglyphic traits. American Journal of
Human Genetics, 29(2), 210-218.

Singh, N., & Purkait, R. (2006). Anthropological significance of fingerprint pattern variations with special
reference to gender differences. Man in India, 86(3-4), 165-177.

Jain, A. K, Ross, A., & Prabhakar, S. (2004). Fingerprint matching using minutiae and texture features.
Proceedings of the International Conference on Pattern Recognition, 25, 1-10.

Sharma, P., & Sharma, A. (2012). Ethnicity and fingerprint patterns: A cross-sectional analysis among
Indian populations. Human Biology Review, 8(3), 45-54.

Saha, S., Adhikari, A., & Bhattacharya, B. (2014). Gender differences in fingerprint patterns of a Bengali
population. Journal of Forensic Research, 5(4), 1000235. https://doi.org/10.4172/2157-7145.1000235
Jantz, R. L. (1975). Fingerprint variability among various ethnic gps. Human Biology, 47(4), 567-581.
Schaumann, B., & Alter, M. (1976). Dermatoglyphics in Medical Disorders. Springer-Verlag.
Chattopadhyay, P. K., & Sharma, A. K. (1995). Fingerprint patterns and their genetic implications in the
study of human variation. Journal of Genetics and Human Variation, 13(3), 95-103.

Reddy, S. C. (1975). Finger dermatoglyphics in ethnic and medical diagnosis: A review of literature.
Indian Journal of Medical Research, 63(2), 409-417.

Trivedi, R., & Manisha, G. (2010). Analysis of fingerprint patterns among the population of Gujarat
state, India: A pilot study. International Journal of Bioinformatics Research, 2(1), 21-24.

Cummins, H., & Midlo, C. (1926). Palmar and plantar epidermal ridge configurations (dermatoglyphics)
in European-Americans. American Journal of Physical Anthropology, 9(4), 471-502.

Kumar, J., & Garg, R. (2011). A study of fingerprint pattern distribution in North Indian population and
its forensic significance. Journal of Forensic Research, 2(3), 120-126. https://doi.org/10.4172/2157-
7145.1000120

Singh, D., & Tiwari, R. (2012). Comparative analysis of fingerprint patterns in relation to gender and
age: A study on Indian population. journal of Forensic and Legal Medicine, 19(3), 108-112.
https://doi.org/10.1016/.jflm.2011.12.007

Saha, P. N. (2005). Dermatoglyphic features and their significance in ethnic classification: A comparative
study of Bengali and Tamil populations. Asian Pacific Journal of Anthropology, 6(4), 214-220.

Mishra, S., & Kapoor, N. (2011). Dermatoglyphics and ethnic identification: A study of two North Indian
tribes. Anthropological Review, 59(1), 43-50. https://doi.org/10.2478/v10044-011-0005-1

Rao, V. S., & Rao, M. M. (1999). Dermatoglyphic patterns and their genetic association in different
Indian populations. Indian Journal of Medical Research, 110(4), 101-107.

Mukherjee, P., & Ghosh, S. K. (2009). Fingerprint pattern distribution in different ethnic populations of
India: A comparative study. Journal of Forensic Sciences and Criminal Investigation, 1(2), 55-62.



https://doi.org/10.1016/j.forsciint.2013.07.013
https://doi.org/10.4172/2157-7145.1000235
https://doi.org/10.2478/v10044-011-0005-1

278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295

296

FINGERPRINT ANALYSIS OF HIMACHAL ETHNIC GROUPS

54.

55.

56.

57.

58.

59.

60.

61.

Sharma, S., & Kaur, M. (2016). Dermatoglyphic patterns and their correlation with sex and ethnicity in a
North  Indian  population. International  Journal of  Dermatology, 55(5), 557-564.
https://doi.org/10.1111/ijd.13152

Reddy, K. S., & Kumar, S. (2014). Fingerprint pattern variations in different South Indian populations.
Forensic Science International, 243, 119-124. https://doi.org/10.1016/j.forsciint.2014.07.029

Verma, R., & Joshi, A. (2018). A study of fingerprint patterns in relation to ethnic gps in Northern India.
Journal of Forensic and Legal Medicine, 56, 115-120. https://doi.org/10.1016/j.jflm.2018.06.013
Agarwal, A., & Agarwal, N. (2008). Ethnic differences in dermatoglyphic patterns among different gps in
India. Journal of Human Genetics, 53(6), 548-553. https://doi.org/10.1007 /s10038-008-0288-2

Desaij, A. S., & Patel, S. J. (2012). Fingerprint pattern distribution in various ethnic gps in Gujarat, India.
Journal of Forensic Research, 3(2), 140-144. https://doi.org/10.4172/2157-7145.1000140

Goswami, M., & Chattopadhyay, P. K. (2011). Fingerprint patterns and their variations among the
tribes of North East India. International Journal of Anthropology, 26(1), 43-49.

Ghosh, P., & Prakash, P. (2017). Dermatoglyphic patterns and their significance in determining
ethnicity and gender differences in a Central Indian population. journal of Forensic Research &
Criminology, 7(1), 31-37.

Kumar, A., & Singh, S. P. (2013). Gender and age-related variations in fingerprint patterns among the
population of North India. Forensic Science Review, 25(2), 121-134.



