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            Abstract

            
               
Objectives: To ascertain the association between digital dermatoglyphics and criminal tendency and to analyze which dermatographic pattern
                  is found more among the criminal group. Methods: The study was conducted on 90 subjects of each group. Fingerprints of the
                  Right Hand and Left Hand of the control group and the criminal group in the age range of 18-70 were collected using the Cummins
                  inking method. Each Fingerprint of both the groups was compared for frequency of occurrence of Arch pattern, loop, and whorls.
                  Arithmetical mean, percentage, chi-square was done to compute the results. Findings: Whorl patterns were found more prominently and loop patterns were less in the hands of the criminals than in the control
                  group. The little and ring fingers showed less or nil frequency of occurrence of arches in both groups. This is supported
                  by the study of the researchers, where it was noticed that lower frequencies of arches were found in digits IV and V and highest
                  on digit II than on digit I occurred. Chi-square was found to be statistically significant @0.05 level of significance. The
                  present study would help largely in controlling crime as dermatoglyphics are non-invasive, economic, and convenient to handle.
                  Using dermatoglyphics as a predictive tool would help in providing a suitable environment for the normal growth of an individual
                  who is ‘at risk’ due to biological interaction. Novelty: It’s a novel method to detect criminality at an early stage. Individuals at risk of becoming criminals can be checked and
                  discouraged by providing a suitable environment.
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               Introduction

            Crime is an illegal act and not approved of by society, committed by someone for which he is liable for punishment by the
               Government. Criminologists visualize the criminal behaviour of a person as an outcome of a combination of genetic traits and
               social circumstances. Genes point towards criminal tendency but do not lead but it is the
            

            
                  1.1 Introduction to Dermatoglyphics:

               Dermatoglyphics, a Greek word, is a combination of two words [Derma= Skin, and Glyphic=creases] and it means scientifically
                  studying elevations and depressions on fingers and palms. The ridges are formed in the early stages of the development of
                  an embryo when it has direction genetically to form organs. Our skin is composed of three layers: Epidermis, dermis, and hypodermis.
                  The main purpose of epidermal friction ridges is to provide traction between the object and the skin surface. Nowadays, they
                  are used to establish identity especially in identifying a suspect through the comparison of fingerprints found at the crime
                  scene, thereby aiding the investigation itself. There are two important principles of dermatoglyphics and they are uniqueness
                  and permanency of their characteristics and they remain unchanged throughout life.
               

            

            
                   1.2. Digital Dermatoglyphics:

               A Fingerprint is defined as a representation of the bulb of the first phalange portion of a digit. It is composed of ridges
                  and furrows arranged in the form of a pattern. Each ridge, in turn, is punctuated by a line of sweat pores which have its
                  base in the dermis in the form of a sweat gland. The area between the ridges does not carry sweat pores. A fingerprint has
                  two fixed points: Core and Delta 1. 
               

               
                     
                     	
                        Core: It is an essential and the innermost part of a pattern. It is also called the inner terminus. The appearance of a core
                           could be like a small circle, a dot or a rod, etc. Different patterns exhibit different types of cores. 
                        

                     

                     	
                        Delta: It is another essential part of a pattern and it is also called the outer terminus. It looks like a triangle. If two
                           ridges running side by side deviate and enclose the pattern in their center, it is said to be a divergent delta. If a single
                           ridge bifurcates and then engulfs the pattern, it is termed as a bifurcation delta.
                        

                     

                     	
                        Fingerprint patterns: Topmost area of the finger exhibits various designs which are called patterns. There are three important
                           ridge patterns: a] Arches [A], b] Loops [U], c] Whorls [W]. They are as explained below:
                        

                     

                  

               

               
                     
                     	
                        Arches: The ridges run from one end of the digit to the other end like a wave. They have no delta formation. If it exhibits
                           a tent formation in the center, it is called a tented arch. Figure  1[a, b] as shown exhibits arch & tented arch. They are represented as A.
                        

                     

                  

               

               
                     
                     Figure 1

                     Arch

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/613efc7b-31c6-479f-8b54-0dd7a4c63214image1.png]

               
                     
                     	
                        Loops: In this pattern ridges recurve but they don’t turn fully and exit from the same side of the entrance. They have a core
                           and a delta. The ridges could enter from the direction of the thumb or little side [ulnar or radial bone]. Accordingly, they
                           are called the Radial loop or Ulnar loop. Figure  2 as shown exhibits Loops.(L)
                        

                     

                  

               

               
                     
                     Figure 2

                     Loops

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/613efc7b-31c6-479f-8b54-0dd7a4c63214image2.png]

               
                     
                     	
                        Whorl: The ridges are either concentric or spiral. The pattern contains two or more deltas and core. Double-loop whorls are
                           the only patterns having two cores. There are different types of whorls: i] concentric whorls, ii] spiral whorls, iii] central
                           pocket whorls iv] Double-loop whorls v] Accidental whorls. Figure  3  as shown exhibits various whorls (W).
                        

                     

                  

               

               
                     
                     Figure 3

                     Types of Whorls

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/613efc7b-31c6-479f-8b54-0dd7a4c63214image3.png]

            

            
                   1.3 Dermatoglyphics and Genetics:

               Dermatoglyphic patterns and brain cells are said to be formed at the same time and their development phase is controlled by
                  the neocortex part of the brain. A lot of work has been done using digital dermatoglyphics in research, understanding the
                  potential of an individual/ inherent talent/vocation 2 and study of the character of a person 3. Apart from the forensic use of dermatoglyphics, Dermatoglyphics was also found useful in clinical medicine 4  and many researchers are utilizing the association between dermatoglyphics and genetics to study various diseases as Cancer
                  5, 6, diabetes 7, Leprosy 8, schizophrenia 9 & mental retardation 10.
               

               In the study of human Genetics and criminal behaviour 11, it was found that the tendency to commit crimes is genetically controlled. Researchers utilized fingertip features as fingerprint
                  ridge density, ridge counts, palm print ridge density, palmar dermatoglyphics, etc to identify criminals  12. Sudha et al., 13 reported that offenders of law possessed more whorl patterns than control group. ` 
               

               Pricilla et al., 14 found differences in dermatoglyphic traits between female convicted criminals and controls. Yarovenko 15  studied dermatoglyphics of a person who killed 19 people and found whorl patterns in both right and left digits. 
               

               Karim et al., 16 in their demographic studies of the violent criminals in Erbil city found a lower frequency of whorls than the control groups,
                  suggesting a strong association between crime and dermatoglyphics.
               

            

            
                  1.4 Aims & objectives of the present study:

               Few researchers worked to study crime but not the criminal tendency, which is a genetic factor. The present study aims to
                  ascertain the association between criminal tendency and dermatoglyphics.
               

               
                     Objectives of the study: 

                  To analyze and compare : 

                  
                        
                        	
                           Fingerprints on both hands [LH & RH] of criminals 

                        

                        	
                           Fingerprints on both hands [LH & RH] of the control group 

                        

                        	
                           Establish the role of genetically modified dermatoglyphics with criminal tendency. 

                        

                        	
                           To analyse which dermatographic pattern is found more among the criminal group.

                        

                     

                  

               

            

            
                  1.5 Abbreviations:

               RT [Right thumb], RI [right index], RM [right middle], RR [right ring], RL [right little], LT [left thumb], LI [left index],
                  LM [left middle], LR [left ring], LL [left little], RH [right hand] and LH [left hand].
               

            

         

         
               Materials and Methods

            
                  2.1 Research design: 

               The research design selected was for a case-control study. The research design employed is a quantitative type study, designed
                  to establish a relationship between two genetically connected variables: dermatoglyphics and criminal attitude.
               

            

            
                  2.2 Participants  

               The study participants were criminals and control groups in the age group of 18-70. The study of the whole population is not
                  practical, so a set of participants from both groups was considered. This set was called a sample. As samples of both hands
                  were needed for the study, a sample size of </= 100 was considered.  The control group was made of volunteers, who were informed
                  of the objectives and written permission was sought. For Criminals handprints, Central Finger Print Bureau, MHA was approached.
                  It is the repository of handprints of criminals. Clear and complete handprints were obtained.
               

            

            
                  2.3 Data acquisition:

               For the study, clear ten-digit fingerprint samples of rolled as well as plain prints were acquired of both hands. Fingerprints
                  of 90 subjects were obtained from the control group. Fingerprints of 90 criminals were obtained for the criminal group. Materials
                  used were black printer ink [Sirchie], Finger /palm print taking bench, roller, Fingerprint forms with blocks for each finger,
                  cleansers, pens, and a LED magnifier.
               

               
                      a] Exclusion:

                  
                        
                        	
                           Fingerprints that were not clear or partial were not considered.

                        

                        	
                           Fingerprints of people with skin allergies were not taken.

                        

                     

                  

               

               
                     b] Inclusion:

                  
                        
                        	
                           Age criteria taken were 18 yrs to 70yrs.

                        

                        	
                           Both sexes were included together. No separate data was maintained.

                        

                        	
                           Both hands were inked and printed.

                        

                     

                  

               

            

            
                  2.4 Sampling procedure: 

               The prints were taken according to the manual ink method.

               
                     
                     	
                        Subjects washed their hands well with soap and water to remove any dirt on their fingers

                     

                     	
                        Fingers were air-dried well before taking fingerprints.

                     

                     	
                        A little amount of Ink was put on the steel plate and spread evenly, to avoid lumps. 

                     

                     	
                        The subjects inked their Right-hand fingers, one by one, by rolling them on the plate.

                     

                     	
                        The inked fingers were placed then on the paper and rotated to obtain rolled fingers. 

                     

                     	
                        Next, subjects placed fingers together, at the bottom of the sheet for giving a sample of RH plain fingers.

                     

                     	
                        The same process was repeated with left-hand fingers to obtain rolled and plain prints. 

                     

                     	
                        Both the thumbs were taken separately

                     

                     	
                        The impressions so obtained were checked to ensure completeness of details through a magnifier.

                     

                     	
                        If the prints are not clear, a new set of prints were taken. 

                     

                     	
                        After the impressions were obtained, names were noted on the slip.

                     

                     	
                        A similar method was advised to obtain fingerprints of criminals. 

                     

                     	
                        The authors' supervised the total inking procedure, the examination of the inked forms, and overall entry of data into datasheets.

                     

                  

               

            

            
                  2.5 Data Entry:

               A separate spreadsheet was created each for the criminal and control group and their details were entered. Each subject was
                  assigned a group label along with a separate serial number in an alphanumeric manner. The name, serial number, and their digital
                  dermatoglyphics were entered for analysis in the excel spreadsheets. 
               

            

            
                  2.6 Statistical analysis:

               Continuous data was shown as Standard deviation and categorical data was represented as percentages in the tables. For calculations;
                  mean, maximum, percentage, adding were done on excel worksheets. All statistical calculations as Chi-square were done on the
                  appropriate software. A value of p< 0.05 was considered significant.
               

            

         

         
               Result and Discussion

            The data so obtained was analyzed and the three major groups “A, U, W” [arch, loop, whorl] were observed in the data. Similar
               patterns as arches and tented arches were counted together. Similarly, radial loops and ulnar loops were combined and Whorls
               and other types of valued patterns were taken together. The results obtained were tabulated for easy reference in various
               tables given below [Table  1, Table  2, Table  3].
            

            
                  
                  Table 1

                  Distribution of Fingerprint patterns among the controls

               

               
                     
                        
                           	
                              
                           
                           Distribution of Fingerprint patterns among the controls in the Right Hand. (N=90) 

                           
                        
                     

                     
                           	
                              
                           
                           Sl. No

                           
                        
                        	
                              
                           
                           Pattern

                           
                        
                        	
                              
                           
                           RT

                           
                        
                        	
                              
                           
                           RI

                           
                        
                        	
                              
                           
                           RM

                           
                        
                        	
                              
                           
                           RR

                           
                        
                        	
                              
                           
                           RL

                           
                        
                        	
                              
                           
                           Total

                           
                        
                     

                     
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Arch

                           
                        
                        	
                              
                           
                           2 (2.22%)

                           
                        
                        	
                              
                           
                           8 (8.9%)

                           
                        
                        	
                              
                           
                           2 (2.22%)

                           
                        
                        	
                              
                           
                           0 (0%)

                           
                        
                        	
                              
                           
                           1 (1.11%)

                           
                        
                        	
                              
                           
                           13 (2.89%)

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           Loop

                           
                        
                        	
                              
                           
                           52 (57.8%)

                           
                        
                        	
                              
                           
                           53 (58.9%)

                           
                        
                        	
                              
                           
                           71 (78.9%

                           
                        
                        	
                              
                           
                           47 (52.2%)

                           
                        
                        	
                              
                           
                           70 (77.8%)

                           
                        
                        	
                              
                           
                           293 (65.13%)

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           Whorl

                           
                        
                        	
                              
                           
                           36 (40%)

                           
                        
                        	
                              
                           
                           29 (32.2%)

                           
                        
                        	
                              
                           
                           17 (18.8%)

                           
                        
                        	
                              
                           
                           43 (47.8%)

                           
                        
                        	
                              
                           
                           19 (21.1%)

                           
                        
                        	
                              
                           
                           144 (31.98%)

                           
                        
                     

                     
                           	
                              
                           
                           Distribution of Fingerprint patterns among the controls in the Left Hand.(N=90) 

                           
                        
                     

                     
                           	
                              
                           
                           Sno

                           
                        
                        	
                              
                           
                           Pattern

                           
                        
                        	
                              
                           
                           LT

                           
                        
                        	
                              
                           
                           LI

                           
                        
                        	
                              
                           
                           LM

                           
                        
                        	
                              
                           
                           LR

                           
                        
                        	
                              
                           
                           LL

                           
                        
                        	
                              
                           
                           Total

                           
                        
                     

                     
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Arch

                           
                        
                        	
                              
                           
                           3 (3.33%)

                           
                        
                        	
                              
                           
                           13 (14.4%)

                           
                        
                        	
                              
                           
                           4 (4.44%)

                           
                        
                        	
                              
                           
                           0 (0%)

                           
                        
                        	
                              
                           
                           1 (1.11%)

                           
                        
                        	
                              
                           
                           21 (4.66%)

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           Loop

                           
                        
                        	
                              
                           
                           57 (63.3%)

                           
                        
                        	
                              
                           
                           51 (56.6%)

                           
                        
                        	
                              
                           
                           66 (73.3%)

                           
                        
                        	
                              
                           
                           49 (54.4%)

                           
                        
                        	
                              
                           
                           69 (76.6%)

                           
                        
                        	
                              
                           
                           292 (64.89%)

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           Whorl

                           
                        
                        	
                              
                           
                           30 (33.3%)

                           
                        
                        	
                              
                           
                           26 (28.8%)

                           
                        
                        	
                              
                           
                           20 (22.2%)

                           
                        
                        	
                              
                           
                           41 (45.5%)

                           
                        
                        	
                              
                           
                           20 (22.2%)

                           
                        
                        	
                              
                           
                           137 (30.46%)

                           
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  Distribution of Fingerprint patterns among the criminals

               

               
                     
                        
                           	
                              
                           
                           Distribution of Fingerprint patterns among the criminals in the Right Hand.(N=90)

                           
                        
                     

                     
                           	
                              
                           
                           Sno

                           
                        
                        	
                              
                           
                           Pattern

                           
                        
                        	
                              
                           
                           RT

                           
                        
                        	
                              
                           
                           RI

                           
                        
                        	
                              
                           
                           RM

                           
                        
                        	
                              
                           
                           RR

                           
                        
                        	
                              
                           
                           RL

                           
                        
                        	
                              
                           
                           Total

                           
                        
                     

                     
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Arch

                           
                        
                        	
                              
                           
                           1 (1.11%)

                           
                        
                        	
                              
                           
                           10 (11.1%)

                           
                        
                        	
                              
                           
                           1 (1.11%)

                           
                        
                        	
                              
                           
                           0 (0%)

                           
                        
                        	
                              
                           
                           0 (0%)

                           
                        
                        	
                              
                           
                           12 (2.66%)

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           Loop

                           
                        
                        	
                              
                           
                           33 (36.6%)

                           
                        
                        	
                              
                           
                           36 (40%)

                           
                        
                        	
                              
                           
                           64 (71.1%)

                           
                        
                        	
                              
                           
                           30 (33.3%)

                           
                        
                        	
                              
                           
                           74 (82.2%)

                           
                        
                        	
                              
                           
                           237 (52.72%)

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           Whorl

                           
                        
                        	
                              
                           
                           56 (62.2%)

                           
                        
                        	
                              
                           
                           44 (48.8%)

                           
                        
                        	
                              
                           
                           25 (27.7%)

                           
                        
                        	
                              
                           
                           60 (66.6%)

                           
                        
                        	
                              
                           
                           16 (17.7%)

                           
                        
                        	
                              
                           
                           201 (44.62%)

                           
                        
                     

                     
                           	
                              
                           
                           Distribution of Fingerprint patterns among the criminals in the Left Hand.(N=90) 

                           
                        
                     

                     
                           	
                              
                           
                           Sno

                           
                        
                        	
                              
                           
                           Pattern

                           
                        
                        	
                              
                           
                           LT

                           
                        
                        	
                              
                           
                           LI

                           
                        
                        	
                              
                           
                           LM

                           
                        
                        	
                              
                           
                           LR

                           
                        
                        	
                              
                           
                           LL

                           
                        
                        	
                              
                           
                           Total

                           
                        
                     

                     
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Arch

                           
                        
                        	
                              
                           
                           5 (5.55%)

                           
                        
                        	
                              
                           
                           11 (12.2%)

                           
                        
                        	
                              
                           
                           3 (3.33%)

                           
                        
                        	
                              
                           
                           0 (0%)

                           
                        
                        	
                              
                           
                           2 (2.22%)

                           
                        
                        	
                              
                           
                           21 (4.66%)

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           Loop

                           
                        
                        	
                              
                           
                           38 (42.2%)

                           
                        
                        	
                              
                           
                           41 (45.5%)

                           
                        
                        	
                              
                           
                           65 (72.2%)

                           
                        
                        	
                              
                           
                           49 (54.4%)

                           
                        
                        	
                              
                           
                           74 (82.2%)

                           
                        
                        	
                              
                           
                           267 (59.38%)

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           Whorl

                           
                        
                        	
                              
                           
                           47 (52.2%)

                           
                        
                        	
                              
                           
                           38 (42.2%)

                           
                        
                        	
                              
                           
                           22 (24.4%)

                           
                        
                        	
                              
                           
                           41 (45.5%)

                           
                        
                        	
                              
                           
                           14 (15.5%)

                           
                        
                        	
                              
                           
                           162 (35.96%)

                           
                        
                     

                  
               

            

            

            
                  
                  Table 3

                  Total distribution of Fingerprint patterns among the criminals and control (RH & LH)
                  

               

               
                     
                        
                           	
                              
                           
                           Pattern

                           
                        
                        	
                              
                           
                           Criminal group

                           
                        
                        	
                              
                           
                           N=90

                           
                        
                        	
                              
                           
                           Control group

                           
                        
                        	
                              
                           
                           N=90

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                           RH

                           
                        
                        	
                              
                           
                           LH

                           
                        
                        	
                              
                           
                           Total

                           
                        
                        	
                              
                           
                           RH

                           
                        
                        	
                              
                           
                           LH

                           
                        
                        	
                              
                           
                           Total

                           
                        
                     

                     
                           	
                              
                           
                           A

                           
                        
                        	
                              
                           
                           2.66%

                           
                        
                        	
                              
                           
                           4.66%

                           
                        
                        	
                              
                           
                           3.66%

                           
                        
                        	
                              
                           
                           2.89%

                           
                        
                        	
                              
                           
                           4.66%

                           
                        
                        	
                              
                           
                           3.77%

                           
                        
                     

                     
                           	
                              
                           
                           U

                           
                        
                        	
                              
                           
                           52.72%

                           
                        
                        	
                              
                           
                           59.38%

                           
                        
                        	
                              
                           
                           56.05%

                           
                        
                        	
                              
                           
                           65.13 %

                           
                        
                        	
                              
                           
                           64.89%

                           
                        
                        	
                              
                           
                           65.01%

                           
                        
                     

                     
                           	
                              
                           
                           W

                           
                        
                        	
                              
                           
                           44.62%

                           
                        
                        	
                              
                           
                           35.96%

                           
                        
                        	
                              
                           
                           40.29%

                           
                        
                        	
                              
                           
                           31.98%

                           
                        
                        	
                              
                           
                           30.46%

                           
                        
                        	
                              
                           
                           31.22%

                           
                        
                     

                  
               

               

            

            

            
                  
                  	
                     Distribution of Fingerprint patterns among the controls in the Right -Hand & Left- Hand

                  

                  	
                     Distribution of Fingerprint patterns among the criminals in the Right- Hand & Left -Hand

                  

                  	
                     Total distribution of Fingerprint patterns among the criminals and control [RH & LH].

                  

               

            

            
                   3.1 Discussion

               After a comparison of both hands in both groups, the following observations were made:

               
                     A) ARCH PATTERN:

                  
                        
                        	
                           Table  1  illustrates that in the case of the control group, the arch pattern was found to be the highest in the Right Index & the
                              Left Index at 8.9% &14.4 % respectively. Arches frequency was highest in the left Index at 14.4%, followed by Left Middle
                              at 4.44%, next in Left Thumb at 3.33%, and least in left little at 1.11%. And in the case of the right hand, the Middle and
                              Thumb digits exhibited frequency at 2.22 % and the least value was found in right little at 1.11%. Arch patterns didn’t occur
                              on the Left Ring & Right Ring fingers in the control group. 
                           

                        

                        	
                           Table  2  illustrates that in the case of the criminal group, the arch pattern in the right Index peaked at 11.1% followed by a sharp
                              fall in values of the arch on the right thumb and right middle [1.11%]. In comparison, the index finger of the left hand showed
                              the frequency of occurrence of arches at 12.2%, followed by the left thumb [5.55%] and the left middle [3.33%], and lastly
                              the little finger [2.22%]. The Left ring finger did not display an arch pattern and it was found that the right ring finger,
                              as well as the right little, also did not show an arch pattern. The little and ring fingers showed less or nil frequency of
                              occurrence of arches in both groups.
                           

                        

                     

                  

                  This is supported by the study of Maninder Kaur et al., 17  where it was noticed that lower frequencies of arches were found in digits IV and V and higher on digit I II than on digit
                     I occurred.
                  

               

               
                     B) LOOP PATTERN: 

                  
                        
                        	
                           Table  1 illustrates that, when the loop pattern was considered in both hands of the control group, the Right middle showed loop at
                              the highest value at 78.9 % followed by right little [77.8%], next Right Index [58.9%], Right Thumb [57.8%] and lastly the
                              Right Ring [52.2%]. In comparison, the little finger in the left hand had its highest peak at 76.6% and was followed by left
                              middle [73.3%], left Thumb [63.3%], then left index [56.6%], and least in the left ring [54.4%].
                           

                        

                        	
                           Table  2 illustrates that when the loop patterns in both hands of criminals were compared, little fingers of both hands exhibited
                              the highest frequency [82.2%] followed by middle fingers at 72.2% & 71.1% in left and right hands. In the left hand, the left
                              ring followed at a frequency [54.4%], the next digit being the left index [45.5%], and the least value was found in the left
                              thumb [42.2%] whereas, in comparison, the right index followed [40%], next right thumb [36.6%] and right ring [33.3%]. Each
                              finger displayed a significant difference from its control counterpart.
                           

                        

                     

                  

                  The present study showed that loops in the left hand exhibited the highest frequency range than the left hand in criminals.
                     Such trends of the loop in the left hand are in agreement with the study of Pandey & Vyas 18. 
                  

               

               
                     C) WHORL PATTERN:

                  
                        
                        	
                           Table  1  illustrates that the whorls in comparison showed higher frequency in the ring finger. The right ring had a higher frequency
                              at 47.8% whereas the left ring had a frequency of 45.5% in the control group. They were followed by the right thumb [40%]
                              and left thumb [33.3%] respectively. This is in agreement with the studies done by Maninder Kaur et al., 17. Then, in the right hand, RT was followed by the index finger [32.2%], little finger [21.1%], and lastly by middle finger
                              [18.8%]. In the case of the left hand, the left thumb was followed by the index finger at a frequency of 28.8% which in turn
                              was followed by the middle and little fingers [22.2%].
                           

                        

                        	
                           Table  2 illustrates, in comparison, that the right ring was prominent in criminals [66.6%] followed by right thumb [62.2%], next
                              right index [48.8%], the right middle [27.2%], and significantly low value of right little [17.7%]. Whereas in the left hand,
                              the thumb was found at the highest frequency [52.2%] followed by the ring [45.5%], the next index [42.2%], the middle [24.4%]
                              with low values at the little finger [15.5%].
                           

                        

                     

                  

                  It had been observed that whorls were found at a higher frequency in the ring finger in the right hand of the criminals' group
                     [66.6%] than the control group [47.8%] whereas in comparison, in the left hand, the whorl frequency decreased in value as
                     well as shifted in the position of the digit as well. Frequency in Left thumb for whorls was at 52.2% in criminals when compared
                     to the control group ring finger at 45.5%.  
                  

                  The present study showed that in both groups, whorls were at a higher frequency range in right-hand fingers than their left-hand
                     finger. This is in agreement with the observations of Pandey &Vyas 18 that whorl patterns are found at a higher frequency in right-hand fingers than left-hand fingers.
                  

                  
                        
                        	
                           Table  3  gives the overall values of the patterns in both groups. Accordingly, the loops were less in the criminals [56.5%] and more
                              in the controls [65.01%]. The study was contrary to the study of Agarwal [19] who found that the loops were more common in
                              criminals than in the control group. Whorls were found more in criminals [40.29%] and less in controls [31.22%]. The present
                              study is in agreement with the results of Karim et al., 16.
                           

                        

                     

                  

                  Arches were slightly higher in the control [3.77%] than in the criminals' group [3.66%]. It is contradictory to the study
                     of Pandey & Vyas who found more arches in the criminal group. Similar is the case study done by Pricilla 14, wherein higher frequencies of arch patterns were observed in the female convicted criminals compared with controls. 
                  

                  Generally, the occurrence of loops [60-65%] worldwide is more followed by whorls [30-35%] and arches [5-7%] [1&21], though
                     some researchers reported variation in the occurrence of loops and other patterns from population to population. In Table  3, values of all the patterns are given for both hands. Arches fell below the expected value in both groups. In criminals,
                     loops [56.5%] were less than the general trend and similarly, whorls [40.29%] were more than the expected value, whereas,
                     in the control group, whorls and loops both were in the range of expected value. The variance in values in criminals indicated
                     some abnormality caused due to genetic interference. Chi-square values were found to be statistically significant [X2 <CV]
                     @0.05 level of significance. 
                  

               

            

         

         
               Conclusion

            The current study demonstrated and ascertained the association between dermatoglyphics and criminal tendencies. There was
               a significant difference between the distribution of various fingerprint patterns on each digit of RH & LH of Criminal and
               control groups. By utilizing the study of digital dermatoglyphics in the early years of schools, predicting policing can be
               established in high crime areas. This would benefit society by keeping a hold on criminal activities and future recidivism.
               By attending to the requirements of ‘at risk’ children and understanding the criminal mind, the happening of criminal activity
               can be reduced. By observing their peer group, others also would deter from committing crimes.
            

            The authors acknowledge that further studies involving progressive data are required to clear away any doubts and to reach
               a clear decision. Studies involving the whole of the palm and its other parameters as ATD angle, flexion creases, etc should
               also be part of the study to shed more information. The dermatoglyphic investigation is economic, convenient, easy to handle,
               and requires neither hospitalization nor a big laboratory setup. Findings from such studies could be used to form a database
               to develop preventive and interceptive methods. Dermatoglyphics can act as a predictor tool to identify potential criminals
               and deter the growth of criminal tendencies from an early age. It is also true that news of genetic nature of criminality
               would pose enormous challenges and would bring issues of freewill, moral and legal conceptions. This research paper aims to
               find the aspects of behavioural genetics leading to criminal tendency and violence.
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