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Unlike the friction ridge skin on the fingertips, palms and 

even the soles of the feet, the friction ridge skin on the 

medial and proximal phalanges has been little studied



REVIEW OF THE LITERATURE



What do we know?

Smith, R. 2009, Demystifying Palm Prints, pp.39
Smith, R. 2005, Demystifying Palm Prints, pp.40

"Although empirical studies 

have not been conducted 

on this subject, there are 

several consistencies that 

can be used very 

successfully used for 

orientation purposes”

‘Down and Out’ Ridge Flow ‘Wavy’ Ridge Flow



Ploetz-Radmann’s Phalangeal Classification System

Marie Ploetz-Radmann’s 1937 
‘Skin Ridge Patterns of the Lower Two Phalanges of the Human Hand’

• Devised classification system for the ridge configurations 
of the medial & proximal phalanges

• 12 General pattern types 

• On the basis of direction, she found 29 sub-types



Considerations with Prior Research

Ploetz-Radmann published 85+ years agoDated

• Perspective of anthropologist
• Focus on bilateral and gender differences

Anthropologically-
Directed

• Classification system relatively unknown to Forensic 
Science community

• Not referenced in any well-known text/manuals on 
friction ridge skin

Obscurity of text



AIMS AND RESEARCH QUESTIONS



Aims and Research Questions

321

Aim: Validate Ploetz Radmann’s study to determine whether consistent universal trends exist 
in the ridge flow on the phalanges of the fingers

Can the friction ridges 
on the middle and 

proximal phalanges be 
classified into 

patterns?

Are there trends in 
the distribution and 

frequency of 
patterns found on 

the phalanges?

Are there trends in 
the direction of 

ridges on the 
phalanges of the 

fingers?



MATERIALS AND METHODS



Methodology

Fingerprint 
Collection

Pattern 
classification Statistical Analysis

Using Ploetz-
Radmann’s

classification system



Data Collection

1. Black Fingerprint 
Powder + White Adhesive 
Lift + Transparent Sheet

2. Fingerprints Provided 
by the NSWPF

207 Participants = 5796 
phalangeal prints

All fingerprints 
deidentified

Ethics Approval Number: ETH18-2521 



12 PATTERN TYPES

PLOETZ-RADMANN’S CLASSIFICATION
SYSTEM



1. Stripe 
A group of straight, parallel ridges that can be either diagonal or horizontal



2. Hook 

Similar to Stripe except the ridges start or end with a small curve or ‘hook’ 



3. Bow

Ridges form a curve/arch horizontally across the phalange



4. Wave

A wave, as it sounds, consists of two arcs joined together
Typically flows horizontally



5. Angle
Two directions of ridges meet at an angle. 

One set of ridges run parallel to finger creases 
The other set of ridges run diagonally



6. Arc Angle

Similar to Angle except ridges running parallel to creases will form a curve or an ‘arc’



7. Double Angle

The double angle pattern, as it sounds, is the combination of two angles



8. Double Arc Angle

The combination of two arc angles



9. Double Sheet 
Two arcs/curves meeting back to back

Often in the approximate midline of the phalange



10. Inclusion 

Typically contains a spindle-shaped core 
Can be completely enclosed or opened to the left or right side



11. Feather

Arrangement of acute to obtuse angles forming horizontally across the phalange.

Image gathered from: Ploetz-Radmann, M 1937, ‘Hautleistenmuster der unteren
beiden Fingerglieder der menschlichen Hand’, Zeitschrift für Morphologie und
Anthropologie, vol. 36.



12. Rare

Any pattern that could not be classified into previous 11 patterns 



Images gathered from: Ploetz-Radmann, M 1937, ‘Hautleistenmuster der unteren
beiden Fingerglieder der menschlichen Hand’, Zeitschrift für Morphologie und
Anthropologie, vol. 36, pp. 281-310.

Ploetz-Radmann’s Phalangeal Classification System
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Ridge Direction

Right hand 
perspective

Radial Ulnar Transverse

Distal-Radial Distal-UlnarProximal-Radial Proximal-Ulnar

ProximalDistal
Stripes and Compound

Double 
Angles and 
Double Arc 

Angles

Waves

Bows

Hooks, Angles and Arc Angles

Radial Ulnar



RESULTS



Distribution and Frequency 
of Patterns

Population Frequencies of Patterns

• Hook – most frequent pattern 
followed by Angle and Stripe

• Wave & Double Arc Angle rarely 
observed


CLASSIFICATIONS

		HAND (LEFT OR RIGHT)				LEFT HAND 																												RIGHT HAND 

		FINGER (Thumb I - Little Finger IV)				1				2						3						4						5						6				7						8						9						10

		PHALANGE (DISTAL D, MEDIAL M, PROXIMAL P):				D		P		D		M		P		D		M		P		D		M		P		D		M		P		D		P		D		M		P		D		M		P		D		M		P		D		M		P																								CLASSIFICATIONS		LEGEND/KEY:

																																																																																						For Distal Phalange:				Arch (A)		Whorl (W)		Loop (L)

		PARTICIPANTS:		Participant ID:

		Participant 1		PN001		NA		NA		A		S		H		A		H		B		L		N		H		L		N		NA		NA		NA		L		N		H		L		AN		B		L		B		H		L		N		S				Frequency Distributions										Total												For Middle and Proximal Phalanges:				Stripe (S)		Hook (H)		Wave (WI)		Arch (B)		Angle (N)		Arc Angle (AN)		Double Angle (DN)		Double Arc Angle (DAN)		Combination/Others (C)

		Participant 2		PN002		NA		NA		L		B		N		L		B		AN		L		AN		H		L		S		S		NA		NA		L		N		S		L		AN		H		L		B		H		L		N		S

		Participant 3		PN003		W		NA		L		N		H		L		B		B		W		WI		B		L		N		NA		NA		NA		L		N		B		L		AN		B		W		B		NA		L		N		S				Hand		Fingers		Phalange		Pattern		Count Participants

		Participant 4		PN004		NA		NA		L		B		AN		L		B		B		L		B		NA		L		N		S		NA		NA		W		H		AN		L		H		H		L		B		NA		L		N		S				LEFT HAND 		1		D		A		3		207

		Participant 5		PN005		NA		NA		A		N		H		L		B		H		L		WI		H		L		H		S		NA		NA		L		N		C		L		AN		H		L		DAN		N		L		N		S				LEFT HAND 		1		D		W		40												Phalange Patterns:		Frequencies of Individual Patterns

		Participant 6		PN006		NA		NA		W		H		AN		L		H		C		W		AN		H		L		N		S		NA		NA		W		S		S		W		H		B		W		H		B		L		N		S				LEFT HAND 		1		D		L		61														Pattern		Total		Frequency of patterns (%)

		Participant 7		PN007		L		H		W		AN		H		L		DN		B		W		AN		H		W		S		S		NA		NA		L		DN		H		W		DAN		B		W		AN		H		W		N		S				LEFT HAND 		1		D		NA		103														Stripe (S)		492		16.15%

		Participant 8		PN008		L		NA		W		AN		H		W		AN		C		W		AN		H		W		S		S		NA		NA		W		N		H		W		AN		H		W		AN		H		W		N		S				LEFT HAND 		1		P		S		7		207												Hook (H)		910		29.87%

		Participant 9		PN009		NA		NA		L		S		H		L		AN		WI		L		H		S		L		N		S		NA		NA		W		S		H		L		DAN		B		L		AN		C		L		N		S				LEFT HAND 		1		P		H		38														Wave (WI)		74		2.43%

		Participant 10		PN010		L		NA		W		AN		H		L		AN		B		W		AN		WI		W		N		S		L		NA		L		DN		H		W		DAN		B		W		AN		H		W		N		S				LEFT HAND 		1		P		WI		0														Arch (B)		296		9.71%

		Participant 11		PN011		L		NA		L		C		H		L		H		S		L		H		H		L		N		S		L		NA		L		AN		N		L		DAN		N		L		B		NA		L		N		NA				LEFT HAND 		1		P		B		5														Angle (N)		551		18.08%

		Participant 12		PN012		NA		NA		L		N		N		L		WI		S		L		N		H		L		S		S		NA		NA		W		N		NA		L		DN		H		L		NA		H		L		NA		NA				LEFT HAND 		1		P		N		7														Arc Angle (AN)		386		12.67%

		Participant 13		PN013		NA		NA		A		N		S		A		AN		S		L		AN		H		L		N		S		NA		NA		NA		NA		NA		L		WI		NA		A		AN		NA		NA		N		S				LEFT HAND 		1		P		AN		2														Double Angle (DN)		122		4.00%

		Participant 14		PN014		NA		NA		W		H		H		W		B		S		W		AN		S		L		N		S		NA		NA		W		S		N		W		H		H		W		DN		B		W		N		S				LEFT HAND 		1		P		DN		0														Double Arc Angle (DAN)		71		2.33%

		Participant 15		PN015		NA		NA		L		N		B		L		AN		AN		W		AN		H		L		N		S		NA		NA		L		DAN		H		L		N		C		W		AN		B		L		N		S				LEFT HAND 		1		P		DAN		0														Combination (C)		145		4.76%

		Participant 16		PN016		NA		NA		L		N		H		L		B		H		L		DN		H		L		N		S		NA		NA		L		DN		S		L		AN		H		L		DN		B		L		N		N				LEFT HAND 		1		P		C		0														Total of classified phalanges:		3047

		Participant 17		PN017		NA		NA		L		N		S		L		AN		WI		L		H		B		L		H		H		NA		NA		W		S		H		L		AN		AN		W		DAN		B		L		NA		NA				LEFT HAND 		1		P		NA		148												Distal Phalange Patterns		Loop (L)		1132		61.56%

		Participant 18		PN018		NA		NA		W		N		H		W		DN		H		W		B		H		L		N		S		NA		NA		W		N		H		W		DN		B		W		N		H		L		N		S				LEFT HAND 		2		D		A		24		207												Arch (A)		76		4.13%

		Participant 19		PN019		NA		NA		W		H		H		W		B		S		W		AN		S		L		N		S		NA		NA		W		S		N		W		H		H		W		DN		B		W		N		S				LEFT HAND 		2		D		W		70														Whorl (W)		631		34.31%

		Participant 20		PN020		W		NA		L		DN		H		L		B		C		W		DAN		C		W		N		NA		NA		NA		L		N		NA		L		H		C		L		DAN		H		W		N		NA				LEFT HAND 		2		D		L		111												Not Classified (lack of detail) 		NA		910		15.70%

		Participant 21		PN021		NA		NA		L		H		N		L		B		H		L		NA		NA		L		N		NA		NA		NA		L		H		AN		L		H		NA		L		N		S		L		N		NA				LEFT HAND 		2		D		NA		2														Total:		5796

		Participant 22		PN022		L		NA		L		DN		H		A		B		H		W		N		H		L		N		S		W		NA		A		N		H		W		N		H		W		N		B		W		DN		NA				LEFT HAND 		2		M		S		16		207

		Participant 23		PN023		L		NA		W		H		N		L		AN		S		L		AN		H		L		N		NA		W		NA		L		S		S		L		H		H		W		N		S		L		N		NA				LEFT HAND 		2		M		H		29

		Participant 24		PN024		L		NA		L		H		H		L		H		H		L		N		S		L		NA		NA		L		NA		A		N		S		L		H		N		L		N		WI		L		N		NA				LEFT HAND 		2		M		WI		5																		1839

		Participant 25		PN025		W		NA		W		AN		H		W		N		B		W		DN		NA		L		NA		NA		W		NA		W		N		H		W		DAN		B		W		DN		H		W		AN		NA				LEFT HAND 		2		M		B		15

		Participant 26		PN026		L		NA		L		H		NA		A		B		NA		L		AN		NA		L		S		NA		L		NA		L		N		S		L		H		S		L		C		S		L		N		NA				LEFT HAND 		2		M		N		58

		Participant 27		PN027		W		NA		W		DN		H		W		AN		C		W		DAN		B		L		N		NA		L		NA		W		H		NA		L		N		H		W		AN		B		L		N		NA				LEFT HAND 		2		M		AN		39																						e.g 30% of all AN patterns occur on the medial phalange of the middle finger - think about this type of data findings. Use the total number of counts for each pattern when comparing to how many times a pattern occurs on a certain phalange or finger or phalange/finger combination

		Participant 28		PN028		L		H		L		B		H		L		B		B		L		H		H		L		H		NA		W		S		A		N		H		L		AN		H		W		DAN		B		L		N		NA				LEFT HAND 		2		M		DN		26

		Participant 29		PN029		W		NA		L		H		H		L		AN		H		L		AN		WI		L		N		NA		W		NA		W		H		H		L		N		S		W		AN		H		L		N		NA				LEFT HAND 		2		M		DAN		3

		Participant 30		PN030		L		NA		A		N		NA		A		DAN		B		L		B		B		L		N		NA		L		NA		A		N		S		L		AN		B		L		B		C		W		N		NA				LEFT HAND 		2		M		C		10

		Participant 31		PN031		W		NA		L		N		S		L		B		H		L		H		B		L		N		NA		W		NA		L		B		N		L		H		C		L		H		H		L		N		NA				LEFT HAND 		2		M		NA		6

		Participant 32		PN032		L		NA		W		N		NA		W		B		NA		W		DAN		WI		L		H		NA		L		NA		W		AN		NA		W		H		WI		W		AN		WI		W		N		NA				LEFT HAND 		2		P		S		25		207																		Stripe (S)		Hook (H)		Wave (WI)		Bow (B)		Angle (N)		Arc Angle (AN)		Double Angle (DN)		Double Arc Angle (DAN)		Combination (C)		Unclassified (NA)

		Participant 33		PN033		L		NA		L		H		NA		L		B		NA		L		N		NA		L		NA		NA		W		NA		A		N		NA		L		H		H		L		WI		NA		L		NA		NA				LEFT HAND 		2		P		H		98

		Participant 34		PN034		W		NA		L		N		NA		L		AN		S		W		DAN		NA		W		N		NA		W		NA		W		N		S		L		DAN		H		W		DN		H		W		N		NA				LEFT HAND 		2		P		WI		1														Phalangeal Relationships						LEFT HAND

		Participant 35		PN035		A		NA		A		S		NA		A		B		B		L		H		B		L		N		NA		L		NA		A		N		H		A		H		H		L		N		H		A		N		NA				LEFT HAND 		2		P		B		6														Hand		Phalange		Pattern		M_S		M_H		M_WI		M_B		M_N		M_AN		M_DN		M_DAN		M_C		M_NA		P_S		P_H		P_WI		P_B		P_N		P_AN		P_DN		P_DAN		P_C		P_NA

		Participant 36		PN036		L		NA		L		N		H		L		B		B		L		H		NA		L		NA		NA		L		NA		L		N		H		L		AN		NA		W		DN		H		L		NA		NA				LEFT HAND 		2		P		N		17														LEFT HAND 		D		A		4		4		0		7		10		9		3		3		1		2		8		16		0		5		1		1		0		0		6		9

		Participant 37		PN037		L		NA		L		S		B		L		N		H		L		H		H		L		N		NA		L		NA		L		S		H		L		AN		H		L		DN		B		L		N		NA				LEFT HAND 		2		P		AN		7														LEFT HAND 		D		W		14		33		3		35		54		70		20		14		4		15		61		127		8		18		12		4		1		0		22		49

		Participant 38		PN038		W		NA		W		AN		H		W		B		H		L		AN		H		W		S		NA		W		NA		W		AN		H		L		AN		H		W		DAN		H		W		NA		NA				LEFT HAND 		2		P		DN		1														LEFT HAND 		D		L		30		95		9		63		150		77		33		13		7		29		117		185		17		32		16		16		2		0		43		139

		Participant 39		PN039		W		S		L		H		H		L		H		H		L		H		AN		L		S		NA		W		S		L		S		S		L		H		AN		L		B		WI		L		N		NA				LEFT HAND 		2		P		DAN		0														LEFT HAND 		D		NA		5		1		0		1		2		0		0		0		0		8		4		5		0		0		2		0		0		0		2		107

		Participant 40		PN040		L		NA		L		AN		NA		L		AN		H		L		AN		NA		L		NA		NA		L		NA		L		S		NA		L		AN		H		L		AN		B		L		N		NA				LEFT HAND 		2		P		C		29														RIGHT HAND		D		A		3		3		0		2		12		7		1		0		0		0		8		12		0		0		2		0		0		0		1		7

		Participant 41		PN041		L		NA		A		AN		NA		A		B		C		L		DAN		H		L		S		NA		W		NA		A		AN		NA		A		AN		H		A		B		H		NA		N		H				LEFT HAND 		2		P		NA		23														RIGHT HAND		D		W		23		28		0		11		76		84		24		17		1		10		64		123		12		38		12		3		0		0		13		64

		Participant 42		PN042		L		H		A		N		H		L		S		S		L		H		H		L		N		NA		L		H		L		N		H		L		DAN		DN		L		C		WI		L		N		NA				LEFT HAND 		3		D		A		18		207												RIGHT HAND		D		L		28		76		6		43		164		105		32		24		5		23		112		192		19		38		32		9		6		0		40		117

		Participant 43		PN043		L		NA		L		B		B		L		B		H		W		AN		H		L		N		NA		W		NA		L		N		H		L		H		H		W		DAN		H		W		N		NA				LEFT HAND 		3		D		W		41														RIGHT HAND		D		NA		6		3		0		0		4		1		0		0		0		6		5		7		0		3		2		0		0		0		0		94

		Participant 44		PN044		W		NA		L		DN		H		L		H		DN		W		AN		H		L		N		NA		W		NA		W		N		H		L		AN		C		W		AN		H		L		N		NA				LEFT HAND 		3		D		L		147																				113		243		18		162		472		353		113		71		18		93		379		667		56		134		79		33		9		0		127		586

		Participant 45		PN045		W		NA		L		AN		NA		L		S		H		W		H		NA		W		H		NA		W		NA		L		H		NA		L		DN		H		W		AN		NA		W		B		NA				LEFT HAND 		3		D		NA		1

		Participant 46		PN046		L		NA		A		DN		S		A		DAN		B		L		B		H		L		NA		NA		L		NA		A		N		S		L		AN		B		L		B		C		W		AN		NA				LEFT HAND 		3		M		S		8		207

		Participant 47		PN047		W		NA		L		DN		B		L		DAN		B		W		AN		H		L		H		NA		W		NA		L		DN		B		L		AN		H		L		DAN		H		L		N		NA				LEFT HAND 		3		M		H		23

		Participant 48		PN048		L		H		L		S		H		L		N		H		L		AN		H		L		H		NA		L		H		L		S		N		L		DAN		B		L		AN		B		L		DN		H				LEFT HAND 		3		M		WI		3

		Participant 49		PN049		W		N		W		C		N		W		AN		H		W		AN		B		W		H		NA		W		NA		L		N		N		L		H		S		L		AN		B		L		N		S				LEFT HAND 		3		M		B		73

		Participant 50		PN050		W		NA		L		DN		H		L		DN		H		L		H		H		L		N		NA		L		NA		L		DN		H		L		AN		H		W		AN		H		L		N		NA				LEFT HAND 		3		M		N		13

		Participant 51		PN051		W		N		W		C		N		W		AN		H		W		AN		B		L		H		NA		W		NA		L		N		N		L		H		WI		L		AN		B		L		N		S				LEFT HAND 		3		M		AN		56

		Participant 52		PN052		L		NA		A		C		NA		A		AN		NA		L		B		NA		L		NA		NA		W		NA		L		AN		H		L		N		H		L		DN		NA		L		N		NA				LEFT HAND 		3		M		DN		14

		Participant 53		PN053		L		NA		L		AN		H		L		AN		S		L		AN		H		L		N		NA		W		NA		L		AN		H		L		H		C		L		N		S		L		AN		NA				LEFT HAND 		3		M		DAN		8

		Participant 54		PN054		L		H		W		N		B		W		AN		H		W		N		H		W		H		NA		W		NA		W		N		H		W		AN		B		W		DN		H		W		N		NA				LEFT HAND 		3		M		C		1

		Participant 55		PN055		L		NA		L		H		S		L		N		S		L		H		WI		L		S		NA		W		NA		L		N		NA		L		AN		H		L		DAN		WI		L		H		S				LEFT HAND 		3		M		NA		8

		Participant 56		PN056		L		NA		W		DN		H		W		H		B		W		DAN		AN		L		N		NA		L		H		W		DN		H		W		AN		NA		W		NA		NA		W		N		NA				LEFT HAND 		3		P		S		27		207

		Participant 57		PN057		L		NA		L		C		H		W		B		B		W		WI		H		L		NA		NA		A		NA		L		N		H		L		H		H		W		DN		H		L		DN		NA				LEFT HAND 		3		P		H		64

		Participant 58		PN058		L		NA		L		AN		H		L		B		H		L		N		H		L		N		NA		L		S		W		N		H		L		B		DN		L		H		H		L		NA		NA				LEFT HAND 		3		P		WI		8

		Participant 59		PN059		L		NA		L		S		H		L		B		B		L		S		B		L		H		S		L		NA		L		N		H		L		H		H		L		AN		H		L		N		NA				LEFT HAND 		3		P		B		28

		Participant 60		PN060		W		NA		L		H		H		W		B		H		W		N		H		L		N		NA		W		NA		W		N		H		L		AN		N		W		B		H		L		N		NA				LEFT HAND 		3		P		N		6

		Participant 61		PN061		L		NA		A		DN		H		L		AN		NA		L		NA		NA		L		H		NA		L		NA		L		H		H		L		DN		H		W		H		H		L		H		NA				LEFT HAND 		3		P		AN		10

		Participant 62		PN062		L		H		L		N		S		L		B		B		L		AN		WI		L		S		NA		L		N		L		N		S		L		AN		H		L		AN		WI		L		N		NA				LEFT HAND 		3		P		DN		2

		Participant 63		PN063		W		AN		W		AN		C		L		B		C		W		DAN		H		L		NA		NA		W		S		W		AN		S		L		H		H		W		S		C		W		N		NA				LEFT HAND 		3		P		DAN		0

		Participant 64		PN064		L		S		L		AN		H		L		S		B		L		N		WI		L		N		NA		L		S		W		AN		WI		L		B		NA		L		N		S		L		N		NA				LEFT HAND 		3		P		C		36

		Participant 65		PN065		W		S		W		N		S		L		B		NA		W		AN		S		W		S		H		W		S		W		N		H		L		H		H		W		AN		H		W		N		NA				LEFT HAND 		3		P		NA		26

		Participant 66		PN066		W		NA		W		DN		C		W		DN		S		W		H		H		L		DN		NA		W		S		L		DN		S		L		AN		H		W		DAN		H		W		N		NA				LEFT HAND 		4		D		A		0		207

		Participant 67		PN067		W		NA		W		DN		N		W		DN		H		W		DN		H		W		N		NA		W		NA		W		N		S		W		AN		NA		W		AN		B		W		N		NA				LEFT HAND 		4		D		W		108

		Participant 68		PN068		L		B		W		AN		H		L		B		C		L		DAN		H		L		DN		S		L		H		L		S		H		L		B		H		L		S		H		L		N		NA				LEFT HAND 		4		D		L		96

		Participant 69		PN069		L		NA		L		N		H		L		B		C		L		B		B		L		N		NA		L		NA		L		N		S		A		H		N		L		H		WI		L		N		S				LEFT HAND 		4		D		NA		3

		Participant 70		PN070		W		H		W		C		H		W		AN		H		L		AN		WI		L		H		NA		W		H		W		S		S		W		H		H		W		S		H		L		N		H				LEFT HAND 		4		M		S		3		207

		Participant 71		PN071		W		NA		W		B		WI		W		AN		C		W		AN		WI		W		N		NA		L		NA		W		N		B		L		AN		C		W		DAN		C		W		AN		NA				LEFT HAND 		4		M		H		47

		Participant 72		CN001		L		H		L		H		H		L		C		H		W		WI		H		L		N		S		L		H		L		S		H		L		B		C		L		AN		H		L		H		S				LEFT HAND 		4		M		WI		4

		Participant 73		CN002		W		H		L		AN		H		W		B		S		W		AN		H		L		N		S		W		NA		W		AN		S		L		B		C		W		B		B		L		N		NA				LEFT HAND 		4		M		B		18

		Participant 74		CN003		W		H		L		AN		NA		W		B		B		W		NA		H		L		H		S		W		H		L		AN		B		L		B		H		L		NA		H		L		AN		S				LEFT HAND 		4		M		N		26

		Participant 75		CN004		L		H		L		N		NA		L		B		B		W		DAN		NA		L		S		NA		L		H		L		S		S		L		B		NA		W		N		NA		L		H		S				LEFT HAND 		4		M		AN		61

		Participant 76		CN005		L		H		W		N		H		L		DN		H		W		H		H		L		N		NA		L		H		W		S		S		L		AN		B		W		H		WI		L		N		S				LEFT HAND 		4		M		DN		10

		Participant 77		CN006		L		H		W		AN		C		L		DN		H		L		H		NA		W		N		NA		W		H		A		AN		S		L		DAN		WI		L		AN		H		L		H		NA				LEFT HAND 		4		M		DAN		19

		Participant 78		CN007		NA		NA		L		NA		NA		L		NA		NA		NA		NA		NA		NA		NA		NA		L		NA		L		N		NA		L		B		NA		W		H		S		L		N		NA				LEFT HAND 		4		M		C		1

		Participant 79		CN008		L		B		A		AN		H		L		NA		NA		W		NA		NA		W		N		S		L		H		L		AN		H		L		AN		NA		W		N		N		W		NA		H				LEFT HAND 		4		M		NA		18

		Participant 80		CN009		W		H		W		S		H		L		N		H		L		H		S		L		H		S		W		H		L		N		H		L		AN		H		W		AN		H		L		N		S				LEFT HAND 		4		P		S		26		207

		Participant 81		CN010		L		H		W		AN		H		W		B		B		W		N		H		L		N		S		L		H		W		AN		N		W		N		S		W		AN		H		L		AN		S				LEFT HAND 		4		P		H		110

		Participant 82		CN011		L		H		L		N		H		L		B		H		W		DAN		H		L		S		NA		L		H		L		DN		S		W		AN		S		W		DAN		H		L		N		S				LEFT HAND 		4		P		WI		16

		Participant 83		CN012		W		AN		W		B		C		L		B		C		L		AN		WI		L		N		S		W		H		L		S		S		W		AN		H		W		DN		WI		W		N		S				LEFT HAND 		4		P		B		16

		Participant 84		CN013		L		N		L		S		C		L		B		H		L		AN		H		L		H		S		L		H		L		N		N		L		H		H		W		DN		NA		L		H		S				LEFT HAND 		4		P		N		0

		Participant 85		CN014		L		H		L		N		S		L		B		S		L		DAN		H		L		S		S		L		H		L		N		S		W		AN		NA		L		NA		NA		L		S		H				LEFT HAND 		4		P		AN		2

		Participant 86		CN015		W		H		A		N		H		L		DN		C		L		H		NA		L		DN		H		W		H		A		S		S		L		AN		C		L		WI		C		L		DN		H				LEFT HAND 		4		P		DN		0

		Participant 87		CN016		TAKE MINE AGAIN																																																										LEFT HAND 		4		P		DAN		0

		Participant 88		CN017		W		S		A		AN		S		L		AN		S		L		DAN		H		L		S		S		W		H		L		N		H		L		N		N		L		AN		WI		L		N		H				LEFT HAND 		4		P		C		8

		Participant 89		CN018		W		H		W		H		H		L		H		B		W		AN		H		L		H		S		W		H		W		DN		H		L		AN		B		W		DAN		B		L		N		H				LEFT HAND 		4		P		NA		29

		Participant 90		CN019		W		H		W		N		H		L		DAN		H		L		H		H		L		S		S		W		H		L		H		H		L		DN		H		W		AN		H		W		N		S				LEFT HAND 		5		D		A		1		207

		Participant 91		CN020		W		H		W		NA		NA		W		B		NA		W		NA		H		W		N		S		W		H		L		AN		N		W		AN		B		W		AN		H		L		N		S				LEFT HAND 		5		D		W		43

		Participant 92		CN021		A		N		L		N		H		A		AN		C		L		NA		NA		A		NA		NA		A		H		W		DN		H		L		AN		NA		L		B		NA		NA		N		NA				LEFT HAND 		5		D		L		152

		Participant 93		CN022		L		H		W		AN		S		L		B		H		W		AN		S		W		N		S		L		H		W		AN		H		W		DN		C		W		H		H		W		N		S				LEFT HAND 		5		D		NA		11

		Participant 94		CN023		L		H		L		B		C		L		B		H		L		AN		H		L		S		NA		L		H		L		AN		H		L		H		H		W		N		H		L		N		S				LEFT HAND 		5		M		S		26		207

		Participant 95		CN024		L		H		L		AN		C		W		AN		DN		W		AN		H		L		DN		H		W		H		L		AN		N		W		N		S		W		AN		C		W		N		S				LEFT HAND 		5		M		H		34

		Participant 96		CN025		L		H		A		AN		H		A		DAN		H		L		H		H		L		DN		S		L		H		A		N		S		L		AN		B		L		WI		H		L		DN		H				LEFT HAND 		5		M		WI		0

		Participant 97		CN026		L		H		W		AN		H		L		DAN		H		W		H		H		L		H		H		L		H		L		AN		H		L		DAN		H		L		B		H		L		N		S				LEFT HAND 		5		M		B		0

		Participant 98		CN027		W		NA		L		N		NA		L		NA		NA		W		NA		B		W		NA		NA		W		H		L		NA		H		W		NA		NA		W		NA		H		W		N		NA				LEFT HAND 		5		M		N		119

		Participant 99		CN028		L		B		A		H		H		L		AN		H		L		B		H		L		H		H		L		H		L		S		H		L		B		B		L		B		H		L		N		H				LEFT HAND 		5		M		AN		0

		Participant 100		CN029		L		H		L		DAN		H		L		DAN		H		L		DAN		B		L		DN		H		L		H		A		AN		H		L		DAN		B		L		AN		C		L		N		H				LEFT HAND 		5		M		DN		6

		Participant 101		CN030		L		H		L		DN		S		L		N		NA		L		NA		NA		L		N		NA		W		NA		L		N		NA		L		B		C		L		N		NA		L		N		NA				LEFT HAND 		5		M		DAN		0

		Participant 102		CN031		W		H		W		N		S		W		DN		H		W		H		WI		L		N		S		W		S		W		N		S		W		AN		S		W		H		S		L		H		H				LEFT HAND 		5		M		C		0

		Participant 103		CN032		L		H		L		AN		S		L		AN		H		L		H		C		L		N		H		L		H		L		AN		H		L		AN		H		L		H		N		L		N		H				LEFT HAND 		5		M		NA		22

		Participant 104		CN033		L		S		W		AN		H		L		DAN		AN		W		S		H		L		N		H		W		H		W		AN		H		L		AN		S		W		AN		B		L		N		H				LEFT HAND 		5		P		S		105		207

		Participant 105		CN034		L		B		W		N		H		L		AN		AN		W		DN		H		L		N		S		L		H		W		C		H		L		B		C		L		DAN		H		L		H		H				LEFT HAND 		5		P		H		23

		Participant 106		CN035		A		H		W		B		H		L		H		H		W		AN		H		L		N		H		L		H		W		N		N		L		AN		S		L		DAN		H		L		N		H				LEFT HAND 		5		P		WI		0

		Participant 107		CN036		W		B		L		H		S		L		WI		AN		L		H		S		L		H		S		W		H		L		N		H		L		N		S		L		H		H		L		N		S				LEFT HAND 		5		P		B		0

		Participant 108		CN037		W		N		W		AN		H		A		B		H		W		B		B		W		N		S		L		N		W		AN		WI		A		B		C		L		B		H		L		N		H				LEFT HAND 		5		P		N		1

		Participant 109		CN038		W		H		W		DAN		H		L		H		WI		W		H		S		L		N		S		W		S		W		DN		H		L		DN		WI		W		B		H		L		N		H				LEFT HAND 		5		P		AN		0

		Participant 110		CN039		W		H		W		DN		H		W		AN		B		W		AN		H		W		N		S		W		H		W		AN		H		L		AN		C		W		AN		H		L		N		S				LEFT HAND 		5		P		DN		0

		Participant 111		CN040		L		S		L		N		H		L		AN		H		W		DN		H		L		N		H		W		S		W		AN		H		W		AN		S		W		AN		B		W		DN		H				LEFT HAND 		5		P		DAN		0

		Participant 112		CN041		L		H		W		N		H		L		B		H		W		N		B		L		N		S		L		H		W		AN		H		L		H		B		L		AN		B		L		N		H				LEFT HAND 		5		P		C		0

		Participant 113		CN042		W		S		L		DN		S		L		B		H		W		B		H		L		H		H		W		S		W		AN		H		L		B		S		W		AN		WI		L		N		H				LEFT HAND 		5		P		NA		78

		Participant 114		PN072		NA		NA		A		AN		AN		A		H		H		L		DAN		H		L		N		S		NA		NA		L		N		AN		L		H		H		W		DAN		H		L		N		NA				RIGHT HAND		6		D		A		2		207

		Participant 115		PN073		NA		NA		L		NA		NA		L		AN		NA		W		B		H		L		NA		NA		NA		NA		W		NA		H		L		WI		NA		L		AN		H		L		N		NA				RIGHT HAND		6		D		W		55

		Participant 116		PN074		NA		NA		W		N		H		L		S		N		L		H		H		L		S		NA		NA		NA		L		AN		H		L		H		C		L		AN		S		L		NA		NA				RIGHT HAND		6		D		L		59

		Participant 117		PN075		NA		NA		A		N		H		L		DN		C		L		H		H		L		NA		NA		NA		NA		A		N		H		L		N		S		W		AN		H		L		N		S				RIGHT HAND		6		D		NA		91

		Participant 118		PN076		NA		NA		A		S		H		A		H		B		L		AN		H		W		N		S		NA		NA		L		DAN		H		L		AN		B		L		B		H		L		N		S				RIGHT HAND		6		P		S		13		207

		Participant 119		PN077		L		NA		L		C		C		L		AN		S		L		H		H		L		N		S		L		NA		L		AN		N		L		AN		N		L		B		NA		L		N		NA				RIGHT HAND		6		P		H		40

		Participant 120		PN078		L		H		W		DN		H		L		AN		B		W		AN		H		W		N		H		L		H		L		DN		H		W		DAN		C		W		DAN		H		W		N		S				RIGHT HAND		6		P		WI		0

		Participant 121		PN079		NA		NA		L		H		H		L		S		AN		W		B		C		L		N		H		NA		NA		L		N		N		L		B		H		L		H		S		L		N		S				RIGHT HAND		6		P		B		0

		Participant 122		PN080		NA		NA		L		NA		NA		L		B		NA		W		NA		S		L		N		S		NA		NA		W		N		AN		L		B		NA		W		B		H		L		N		S				RIGHT HAND		6		P		N		5

		Participant 123		PN081		NA		H		W		H		C		W		H		N		W		AN		S		W		N		S		NA		S		L		H		H		L		H		C		W		AN		S		W		AN		S				RIGHT HAND		6		P		AN		0

		Participant 124		PN082		NA		NA		L		N		H		L		NA		H		W		NA		H		L		NA		NA		NA		NA		L		N		S		L		N		H		L		NA		H		L		NA		NA				RIGHT HAND		6		P		DN		0

		Participant 125		PN083		L		NA		L		AN		C		L		AN		H		L		DAN		H		NA		S		S		L		NA		W		N		H		L		AN		H		L		DAN		C		L		N		S				RIGHT HAND		6		P		DAN		0

		Participant 126		PN084		NA		NA		L		WI		AN		L		DN		H		L		H		S		L		H		S		NA		NA		L		N		AN		L		N		WI		W		AN		H		W		H		S				RIGHT HAND		6		P		C		0

		Participant 127		PN085		NA		NA		W		DAN		H		L		AN		S		W		AN		S		L		H		S		W		NA		W		AN		H		W		B		WI		W		AN		H		L		N		S				RIGHT HAND		6		P		NA		149

		Participant 128		PN086		L		NA		W		H		H		L		B		WI		L		AN		H		L		N		S		L		NA		L		N		H		L		H		WI		L		B		H		L		N		S				RIGHT HAND		7		D		A		18		207

		Participant 129		PN087		NA		H		A		B		C		A		B		C		L		AN		WI		W		N		S		NA		NA		L		AN		H		A		H		H		L		AN		WI		L		N		S				RIGHT HAND		7		D		W		71

		Participant 130		PN088		NA		NA		W		B		H		L		AN		C		W		N		H		L		N		S		NA		NA		L		AN		B		NA		H		B		W		AN		H		L		N		S				RIGHT HAND		7		D		L		112

		Participant 131		PN089		NA		NA		L		DN		N		L		S		H		L		N		H		L		H		S		NA		NA		W		N		NA		L		AN		H		L		NA		H		L		N		S				RIGHT HAND		7		D		NA		6

		Participant 132		PN090		NA		NA		L		B		AN		L		B		H		W		B		WI		L		N		N		W		NA		W		AN		N		L		B		C		W		N		B		W		NA		NA				RIGHT HAND		7		M		S		46		207

		Participant 133		PN091		NA		NA		L		AN		H		L		AN		AN		W		AN		H		L		N		S		NA		NA		L		AN		H		L		S		C		W		S		B		L		N		S				RIGHT HAND		7		M		H		16

		Participant 134		PN092		NA		NA		L		N		H		L		B		H		W		DN		H		L		N		S		NA		NA		L		DN		S		L		AN		H		W		DN		B		L		N		S				RIGHT HAND		7		M		WI		0

		Participant 135		PN093		NA		NA		L		DN		C		L		H		C		W		DN		C		L		N		S		NA		NA		L		NA		H		L		AN		C		L		NA		S		L		NA		NA				RIGHT HAND		7		M		B		1

		Participant 136		PN094		L		NA		L		AN		N		L		N		C		L		H		H		L		H		S		NA		NA		L		S		N		L		AN		H		L		DN		H		L		N		S				RIGHT HAND		7		M		N		75

		Participant 137		PN095		NA		NA		L		WI		N		L		H		N		L		AN		H		L		N		S		NA		NA		L		H		H		L		AN		B		W		AN		C		W		N		H				RIGHT HAND		7		M		AN		43

		Participant 138		PN096		NA		NA		L		H		H		L		S		NA		W		B		H		L		H		S		NA		NA		L		N		N		L		B		H		W		AN		H		W		H		H				RIGHT HAND		7		M		DN		18

		Participant 139		PN097		NA		NA		W		H		C		W		B		N		W		AN		S		W		N		S		NA		NA		L		H		N		L		H		C		W		AN		S		W		N		S				RIGHT HAND		7		M		DAN		2

		Participant 140		PN098		NA		NA		L		AN		NA		L		AN		H		W		B		H		L		N		NA		NA		NA		L		AN		NA		L		WI		C		L		B		H		L		N		NA				RIGHT HAND		7		M		C		1

		Participant 141		PN099		L		NA		L		C		C		L		AN		S		L		H		H		L		N		S		L		NA		L		AN		N		L		AN		N		L		B		H		L		N		NA				RIGHT HAND		7		M		NA		5

		Participant 142		PN100		NA		NA		A		AN		H		L		B		H		L		AN		NA		L		NA		NA		NA		NA		NA		S		H		A		AN		NA		L		NA		H		L		N		NA				RIGHT HAND		7		P		S		46		207

		Participant 143		PN101		NA		NA		L		N		H		L		AN		B		W		H		H		NA		S		H		L		NA		L		DN		H		L		H		AN		L		B		H		NA		S		H				RIGHT HAND		7		P		H		94

		Participant 144		PN102		NA		NA		W		S		C		L		AN		S		W		DAN		H		W		N		H		L		NA		L		AN		C		L		S		S		L		C		H		L		S		H				RIGHT HAND		7		P		WI		2

		Participant 145		PN103		NA		NA		W		S		S		L		N		C		W		H		H		W		H		S		NA		NA		NA		S		S		L		AN		S		W		NA		C		W		N		S				RIGHT HAND		7		P		B		6

		Participant 146		PN104		NA		NA		NA		N		C		W		B		C		W		B		WI		W		N		S		NA		N		W		AN		H		W		H		WI		W		H		C		W		N		H				RIGHT HAND		7		P		N		27

		Participant 147		PN105		NA		NA		A		N		S		L		B		C		L		H		WI		L		N		S		NA		NA		A		N		S		L		AN		S		L		B		WI		L		DN		H				RIGHT HAND		7		P		AN		8

		Participant 148		PN106		NA		NA		W		B		H		L		AN		C		W		N		S		L		N		S		NA		NA		L		AN		H		NA		AN		B		W		AN		H		NA		N		S				RIGHT HAND		7		P		DN		1

		Participant 149		PN107		NA		NA		W		N		N		L		B		H		L		B		H		L		N		S		NA		NA		W		S		H		L		H		H		W		AN		H		L		N		S				RIGHT HAND		7		P		DAN		0

		Participant 150		PN108		NA		NA		W		AN		N		L		N		N		L		N		H		W		N		S		NA		NA		L		N		S		L		H		DN		W		DN		N		W		AN		S				RIGHT HAND		7		P		C		4

		Participant 151		PN109		NA		NA		L		N		C		L		AN		WI		L		N		S		L		N		NA		NA		NA		W		S		H		L		DN		B		L		DN		B		L		N		S				RIGHT HAND		7		P		NA		19

		Participant 152		PN110		NA		N		L		DN		C		L		AN		C		W		N		C		L		N		S		NA		NA		A		DN		N		L		H		C		L		B		S		NA		NA		NA				RIGHT HAND		8		D		A		7		207

		Participant 153		PN111		NA		NA		L		WI		C		L		H		S		W		C		S		L		N		S		NA		NA		L		H		S		L		AN		B		W		AN		WI		W		N		H				RIGHT HAND		8		D		W		37

		Participant 154		PN112		NA		NA		W		AN		S		L		DN		S		L		N		H		W		N		S		NA		H		L		N		S		L		AN		DN		W		AN		S		W		AN		S				RIGHT HAND		8		D		L		160

		Participant 155		PN113		NA		NA		L		DN		H		L		AN		WI		L		H		S		L		N		S		NA		NA		W		S		H		L		DAN		B		L		AN		C		L		N		S				RIGHT HAND		8		D		NA		3

		Participant 156		PN114		NA		NA		W		B		B		L		AN		C		W		N		H		L		N		S		NA		NA		L		AN		B		NA		H		B		W		AN		H		L		N		S				RIGHT HAND		8		M		S		4		207

		Participant 157		PN115		NA		NA		L		DN		H		L		B		H		W		AN		H		L		N		S		NA		NA		L		DN		H		L		AN		C		W		AN		H		W		N		S				RIGHT HAND		8		M		H		62

		Participant 158		PN116		NA		NA		L		DN		H		L		AN		H		L		H		S		L		N		S		NA		NA		W		S		H		L		DAN		B		L		AN		B		L		N		S				RIGHT HAND		8		M		WI		3

		Participant 159		PN117		NA		NA		L		WI		AN		A		DN		C		W		H		S		W		H		S		NA		NA		L		N		AN		L		DAN		H		W		AN		H		W		N		S				RIGHT HAND		8		M		B		19

		Participant 160		PN118																																																												RIGHT HAND		8		M		N		14

		Participant 161		PN119		NA		NA		L		C		C		L		H		N		L		H		H		L		N		S		NA		NA		L		AN		N		L		DAN		N		L		B		H		L		N		NA				RIGHT HAND		8		M		AN		74

		Participant 162		PN120		NA		NA		L		AN		DN		A		N		S		L		N		H		W		N		S		NA		NA		L		N		S		L		H		DN		W		AN		N		W		AN		S				RIGHT HAND		8		M		DN		10

		Participant 163		PN121		NA		NA		L		N		C		L		AN		WI		L		N		H		L		N		NA		NA		NA		W		S		H		L		H		B		L		AN		B		L		N		S				RIGHT HAND		8		M		DAN		20

		Participant 164		PN122		NA		NA		W		H		NA		W		B		S		W		AN		S		L		N		S		NA		NA		W		S		S		W		AN		B		W		DN		B		W		N		S				RIGHT HAND		8		M		C		0

		Participant 165		PN123		NA		NA		L		N		H		L		B		H		W		DN		H		L		N		S		NA		NA		L		N		S		L		H		WI		L		DN		B		L		N		S				RIGHT HAND		8		M		NA		1

		Participant 166		PN124		NA		NA		L		DN		H		L		B		H		W		N		H		L		N		S		NA		NA		L		N		H		L		AN		B		W		AN		H		W		N		S				RIGHT HAND		8		P		S		20		207

		Participant 167		PN125		NA		NA		L		C		C		L		AN		NA		L		H		NA		L		NA		NA		NA		NA		L		N		DN		L		DAN		H		L		NA		H		L		N		NA				RIGHT HAND		8		P		H		68

		Participant 168		PN126		NA		NA		W		AN		H		L		H		C		W		AN		H		W		N		S		NA		NA		W		S		S		W		H		B		W		H		B		L		N		S				RIGHT HAND		8		P		WI		12

		Participant 169		PN127		NA		NA		W		AN		H		W		AN		C		W		DAN		H		W		N		S		NA		NA		W		N		H		W		AN		H		W		AN		H		W		N		S				RIGHT HAND		8		P		B		36

		Participant 170		PN128		NA		NA		L		N		C		L		AN		AN		W		AN		H		L		N		S		NA		NA		L		AN		H		L		S		C		W		H		B		L		N		S				RIGHT HAND		8		P		N		10

		Participant 171		PN129		NA		NA		W		H		H		L		B		WI		L		AN		H		L		N		S		NA		N		L		H		H		L		H		WI		L		B		H		L		N		S				RIGHT HAND		8		P		AN		4

		Participant 172		PN130		NA		NA		L		H		NA		L		H		C		L		NA		C		NA		NA		NA		NA		NA		L		H		H		L		H		H		L		B		H		L		H		NA				RIGHT HAND		8		P		DN		5

		Participant 173		PN131		W		NA		L		DN		S		W		NA		NA		W		NA		B		W		N		NA		NA		NA		L		S		NA		L		H		C		W		DAN		H		W		N		NA				RIGHT HAND		8		P		DAN		0

		Participant 174		PN132		NA		NA		L		N		C		L		AN		AN		W		AN		H		L		N		S		NA		NA		L		AN		H		L		S		C		W		AN		B		L		N		S				RIGHT HAND		8		P		C		32

		Participant 175		PN133		NA		NA		W		B		H		W		B		S		W		AN		S		L		N		S		NA		NA		W		S		N		W		H		B		W		DN		B		W		N		S				RIGHT HAND		8		P		NA		20

		Participant 176		PN134		NA		N		L		N		H		L		B		H		W		DN		H		L		N		S		NA		NA		L		N		S		L		H		H		W		DN		B		L		N		S				RIGHT HAND		9		D		A		2		207

		Participant 177		PN135		NA		NA		L		N		H		L		B		H		W		DN		H		L		H		S		NA		NA		L		DN		S		L		H		H		W		DN		B		L		N		S				RIGHT HAND		9		D		W		108

		Participant 178		PN136		NA		NA		W		H		H		W		B		S		W		AN		S		NA		NA		NA		NA		NA		W		S		S		W		H		H		W		DN		B		W		N		S				RIGHT HAND		9		D		L		95

		Participant 179		PN137		NA		NA		L		DN		H		L		B		H		W		AN		H		NA		S		S		NA		NA		L		S		H		L		AN		C		W		AN		H		W		N		S				RIGHT HAND		9		D		NA		2

		Participant 180		PN138		NA		NA		W		N		N		L		B		C		L		AN		WI		L		N		S		NA		NA		W		S		H		L		H		H		W		AN		WI		L		N		S				RIGHT HAND		9		M		S		5		207

		Participant 181		PN139		NA		NA		L		N		H		W		AN		C		W		H		B		L		H		H		NA		NA		W		S		S		L		AN		AN		W		AN		B		L		H		H				RIGHT HAND		9		M		H		18

		Participant 182		PN140		NA		NA		L		NA		NA		L		B		NA		W		AN		NA		L		H		NA		NA		NA		W		N		AN		L		H		C		W		B		H		L		N		S				RIGHT HAND		9		M		WI		3

		Participant 183		PN141		NA		NA		L		H		H		L		S		AN		W		B		C		L		N		H		NA		NA		L		S		N		L		B		H		L		N		S		L		N		S				RIGHT HAND		9		M		B		35

		Participant 184		PN142		W		NA		L		DN		S		W		NA		NA		W		DAN		NA		W		N		S		NA		NA		L		S		NA		L		H		C		W		DAN		H		W		N		NA				RIGHT HAND		9		M		N		14

		Participant 185		PN143		NA		NA		L		WI		AN		L		DN		B		W		H		S		L		H		S		NA		NA		L		N		AN		L		N		H		W		AN		H		W		H		S				RIGHT HAND		9		M		AN		70

		Participant 186		PN144		NA		NA		L		N		N		L		WI		NA		L		N		H		L		S		S		NA		NA		W		N		NA		L		AN		NA		L		AN		H		L		H		S				RIGHT HAND		9		M		DN		22

		Participant 187		PN145		NA		NA		L		N		H		L		AN		H		L		H		S		L		N		S		NA		NA		W		N		S		L		DAN		B		L		AN		C		L		N		S				RIGHT HAND		9		M		DAN		19

		Participant 188		PN146		NA		NA		W		H		H		L		H		C		W		AN		H		W		N		S		NA		NA		W		S		N		W		H		B		W		H		B		L		N		S				RIGHT HAND		9		M		C		5

		Participant 189		PN147		NA		NA		L		H		C		L		H		C		L		H		C		NA		NA		NA		L		NA		L		H		H		L		H		H		L		B		WI		L		N		S				RIGHT HAND		9		M		NA		16

		Participant 190		PN148		NA		NA		L		AN		N		L		N		H		L		H		H		L		N		S		NA		NA		L		S		N		L		AN		H		L		AN		H		L		N		S				RIGHT HAND		9		P		S		15		207

		Participant 191		PN149		NA		NA		W		DN		H		W		AN		C		W		AN		H		W		S		S		NA		NA		W		N		H		W		AN		H		W		AN		H		W		N		S				RIGHT HAND		9		P		H		96

		Participant 192		PN150		NA		NA		W		NA		NA		L		H		NA		W		NA		NA		L		N		NA		NA		NA		L		S		NA		L		H		NA		L		NA		NA		L		NA		NA				RIGHT HAND		9		P		WI		17

		Participant 193		PN151		NA		NA		L		N		NA		L		B		NA		L		AN		NA		L		N		NA		NA		NA		L		N		NA		L		AN		S		L		NA		NA		L		N		S				RIGHT HAND		9		P		B		37

		Participant 194		PN152		NA		NA		A		N		S		L		B		C		L		H		H		L		N		S		NA		NA		A		S		S		L		AN		S		L		B		WI		L		N		H				RIGHT HAND		9		P		N		5

		Participant 195		PN153		NA		NA		L		B		N		A		NA		NA		L		N		NA		L		N		NA		NA		NA		L		H		S		L		AN		S		L		S		NA		L		N		S				RIGHT HAND		9		P		AN		0

		Participant 196		PN154		NA		NA		L		H		N		L		B		B		L		AN		H		L		NA		NA		NA		NA		L		H		H		L		AN		H		L		NA		H		L		NA		NA				RIGHT HAND		9		P		DN		0

		Participant 197		PN155		NA		NA		A		N		C		NA		B		NA		NA		NA		NA		NA		NA		NA		L		NA		NA		S		H		A		AN		NA		NA		NA		NA		NA		NA		NA				RIGHT HAND		9		P		DAN		0

		Participant 198		PN156		NA		NA		L		N		C		L		B		H		L		N		H		W		N		H		L		NA		A		S		H		L		AN		WI		W		B		H		L		N		H				RIGHT HAND		9		P		C		18

		Participant 199		PN157		NA		NA		W		AN		H		W		AN		H		W		NA		H		W		N		S		W		NA		W		N		H		W		DAN		C		W		AN		C		W		N		H				RIGHT HAND		9		P		NA		19

		Participant 200		PN158		NA		NA		L		N		H		L		N		NA		L		N		H		NA		H		S		L		NA		NA		S		H		L		DN		B		L		C		C		L		S		S				RIGHT HAND		10		D		A		1		207

		Participant 201		PN159		NA		NA		L		N		H		L		B		S		L		AN		S		L		N		S		L		NA		L		N		N		L		H		N		L		B		NA		NA		NA		NA				RIGHT HAND		10		D		W		58

		Participant 202		PN160		NA		NA		L		S		H		W		AN		S		W		S		H		L		N		S		L		NA		W		S		S		W		AN		H		W		B		H		NA		NA		NA				RIGHT HAND		10		D		L		139

		Participant 203		PN161		NA		H		A		S		S		L		NA		NA		NA		NA		NA		L		N		S		L		NA		A		N		H		L		DAN		H		L		AN		H		L		N		S				RIGHT HAND		10		D		NA		9

		Participant 204		PN162		NA		NA		L		N		H		L		H		B		W		H		H		NA		S		H		L		NA		L		S		H		L		H		N		L		AN		H		L		S		H				RIGHT HAND		10		M		S		5		207

		Participant 205		PN163		NA		NA		W		S		C		L		AN		S		W		DAN		H		W		S		H		W		NA		L		DN		C		L		N		C		L		C		H		L		N		H				RIGHT HAND		10		M		H		14

		Participant 206		PN164		NA		NA		W		S		S		L		N		C		W		H		H		W		S		S		W		S		NA		S		S		L		DN		S		W		NA		H		W		N		S				RIGHT HAND		10		M		WI		0

		Participant 207		PN165		NA		NA		NA		S		C		W		B		C		W		B		WI		W		N		H		W		N		W		AN		H		W		H		WI		W		H		C		W		N		H				RIGHT HAND		10		M		B		1

		Participant 208		PN166		NA		NA		W		N		S		W		B		NA		W		AN		NA		W		H		H		W		NA		W		N		N		L		H		NA		W		B		C		W		N		S				RIGHT HAND		10		M		N		153

		Participant 209		PN167		NA		NA		W		N		S		W		AN		C		W		NA		NA		NA		N		S		W		NA		W		NA		C		L		H		NA		NA		H		H		L		N		H				RIGHT HAND		10		M		AN		10

																																																																RIGHT HAND		10		M		DN		7

																																																																RIGHT HAND		10		M		DAN		0

																																																																RIGHT HAND		10		M		C		0

																																																																RIGHT HAND		10		M		NA		17

																																																																RIGHT HAND		10		P		S		95		207

																																																																RIGHT HAND		10		P		H		36

																																																																RIGHT HAND		10		P		WI		0

																																																																RIGHT HAND		10		P		B		0

																																																																RIGHT HAND		10		P		N		1

																																																																RIGHT HAND		10		P		AN		0

																																																																RIGHT HAND		10		P		DN		0

																																																																RIGHT HAND		10		P		DAN		0

																																																																RIGHT HAND		10		P		C		0

																																																																RIGHT HAND		10		P		NA		75



When discussing classification numbers/types in discussion section:
- recommend 5 categories:
1. Stripe
2. Hook
3. Arch
4. Angle (this can include the arc angle, double angle and double arc angle as sub-classifications). 
5. 'Rare' (encompassing all other remaining pattern types - inclusion, double sheet, feather, 'rare' and wave)NA

LEFT HAND - DISTAL PHALANGE (ARCH)



Middle	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	4	4	0	7	10	9	3	3	1	2	Proximal	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	8	16	0	5	1	1	0	0	6	9	







LEFT HAND - DISTAL PHALANGE (WHORL)



Middle	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	14	33	3	35	54	70	20	14	4	15	Proximal	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	61	127	8	18	12	4	1	0	22	49	







LEFT HAND - DISTAL PHALANGE (LOOP)



Middle	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	30	95	9	63	150	77	33	13	7	29	Proximal	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	117	185	17	32	16	16	2	0	43	139	







RIGHT HAND - DISTAL PHALANGE (ARCH) 



Middle	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	0	3	3	0	2	12	7	1	0	0	0	Proximal	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	8	12	0	0	2	0	0	0	1	7	







RIGHT HAND - DISTAL PHALANGE (WHORL)



Middle	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	23	28	0	11	76	84	24	17	1	10	Proximal	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	64	123	12	38	12	3	0	0	13	64	







RIGHT HAND - DISTAL PHALANGE (LOOP)



Middle	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	28	76	6	43	164	105	32	24	5	23	Proximal	Stripe (S)	Hook (H)	Wave (WI)	Bow (B)	Angle (N)	Arc Angle (AN)	Double Angle (DN)	Double Arc Angle (DAN)	Combination (C)	Unclassified (NA)	112	192	19	38	32	9	6	0	40	117	







Purpose of this study: Determine features in phalangeal friction ridge skin that have forensic value for identification and comparison in the absence of fingerprints
Aims of this study:
1. Can Phalanges be classified into specific patterns?
2. What is the frequency of  these patterns? Can we understand these patterns? Are there trends in the data? (i.e. pattern frequencies for each finger, phalange and hand)
3. Is there a link between the 3 phalanges of the finger? (i.e. Is there correlation between segments?) Can we predict patterns for one phalange based on the other 2 segments of a finger? 



Ploetz-Radmann Classifications

		Basic Patterns		Variables:

				1. Stripe Pattern (St)		Radial Stripe (rSt)		Ulnar Stripe (uSt)		Horizontal/Transverse Stripe (quSt)

				2. Hook (H)		Distal Radial Hook (drH)		Proximal Radial Hook (prH)		Distal ulnar Hook (duH)		Proximal Ulnar Hook (puH)

				3. Wave (WI)		Distal Wave (dWI)		Proximal Wave (pWI)

				4. Arch (B)		Distal Arch (dB)		Proximal Arch (pB)

		Compound Patterns		Variables:

				5. Angle (Wk)		Distal-Radial Angle (drWk)		Proximal-Radial Angle (prWk)		Distal-Ulnar Angle (duWk)		Proximal-Ulnar Wave (puWk)

				6. Arc Angle (BWk)		Distal-Radial Arc Angle (drBWk)		Proximal-Radial Arc Angle (prBWk)		Proximal-Radial Arc angle (PuBWk)		Proximal-Ulnar Arc Angle (puBWk)

				7. Double Angle (Dwk)		Radial Double Angle (rDWk)		Ulnar Double Angle (uDWk)

				8. Double Bow Angle (DBWk)		Radial Double Bow Angle (rDBWk)		Ulnar Double Bow Angle (uDBWk)

				9. Double Sheet (DB)

				10. Inclusion Pattern (Em) 		Radial Inclusion (rEm)		Ulnar Inclusion (uEm)		Horizontal/Transverse Inclusion (quEm)

				11. Feather (Fm)

				12. Rare (Sm)

		Overall - 12 General Classifications and 29 Individualising Patterns





























Classification Distributions

		Sum of Count Participants		Column Labels

				M																M Total		P																				P Total		Grand Total

		Row Labels		2		3		4		5		7		8		9		10				1		2		3		4		5		6		7		8		9		10

		AN		39		56		61		0		43		74		70		10		353		2		7		10		2		0		0		8		4		0		0		33		386

		B		15		73		18		0		1		19		35		1		162		5		6		28		16		0		0		6		36		37		0		134		296

		C		10		1		1		0		1		0		5		0		18		0		29		36		8		0		0		4		32		18		0		127		145

		DAN		3		8		19		0		2		20		19		0		71		0		0		0		0		0		0		0		0		0		0		0		71

		DN		26		14		10		6		18		10		22		7		113		0		1		2		0		0		0		1		5		0		0		9		122

		H		29		23		47		34		16		62		18		14		243		38		98		64		110		23		40		94		68		96		36		667		910

		N		58		13		26		119		75		14		14		153		472		7		17		6		0		1		5		27		10		5		1		79		551

		NA		6		8		18		22		5		1		16		17		93		148		23		26		29		78		149		19		20		19		75		586		679

		S		16		8		3		26		46		4		5		5		113		7		25		27		26		105		13		46		20		15		95		379		492

		WI		5		3		4		0		0		3		3		0		18		0		1		8		16		0		0		2		12		17		0		56		74

		Grand Total		207		207		207		207		207		207		207		207		1656		207		207		207		207		207		207		207		207		207		207		2070		3726



What is being investigated: Frequency study investigating finger, hand and pattern specific trends (are there patterns which are more frequent or more discriminating?)

Relevant info:
1. Population frequencies for particular patterns
2. Frequency of patterns on individual fingers - are there more prevalent classifications/patterns visible on certain fingers - i.e thumb, index finger, middle finger, ring finger and little finger
3. Frequency of patterns on the left hand and right hand - are there more prevalent classifications/patterns visible on the right hand compared to the left hand (and vice-versa) 
4. Frequency of patterns on the middle and proximal phalange - are there more prevalent patterns visible on the medial phalange compared to the proximal phalange?




Phalangeal Relationships



Is there a relationship/link between the distal phalange and medial + proximal phalange
Does a particular classification (e.g. arch, loop or whorl) dictate or link to the classifications allocated to the medial and proximal phalanges? 





Frequency of Patterns on Individual Fingers

• Double Arc Angles not on thumb 
or little finger 

• Double Angles not on thumbs

• Bows characteristic of middle and 
ring fingers

• Thumbs and Little fingers = less 
variety of patterns

• NA = not enough ridge detail to 
classify

Distribution and Frequency 
of Patterns



Frequency of patterns on medial phalanges

91.45% of all Arc Angle patterns occur on the medial phalanges 
92.6% of all Double Angle patterns occur on the medial phalanges
100% of all Double Arc Angle patterns were found on the medial phalanges

85.66% of all Angle patterns occur on medial phalanges 

Distribution and Frequency 
of Patterns



Frequency of patterns on proximal phalanges

87.6% of all combination patterns occur on the proximal phalanges 
77.03% of all stripe patterns occurred on the proximal phalanges

75.68% of all wave patterns occur on the proximal phalanges 
73.30% of all hook patterns occur on the proximal phalanges

Distribution and Frequency 
of Patterns



Ridge Direction Trends

• Thumbs & Index fingers –
radial trend

• Little Fingers + Left Ring – ulnar 
trend

• Right Ring finger + Middle 
fingers show greater variability 
with directions

Right hand 
perspective



Ridge Direction Trends

'Down and Out’ 
ridge flow on ‘outer 

fingers’: Thumb, 
Index & Little and 
Left Ring Fingers

More variety of 
directions on 
inner fingers



Ridge Direction Trends

• Thumbs
• Left – 96.2% radial-

oriented
• Right – 100% radial-

oriented

• Little Fingers
• Left – 100% ulnar-

oriented
• Right – 99.4% ulnar-

oriented



Ridge Direction Trends

54% of directions are 
ulnar-oriented 

30% of directions are 
radial-oriented

Left hand shows a slight 
trend towards an ulnar 

direction 

56% of directions are 
radial-oriented 

31% of directions are 
ulnar-oriented

Right hand shows a slight 
trend towards a radial 

direction 

LEFT HAND RIGHT HAND


Ridge Direction

		HAND (LEFT OR RIGHT)				LEFT HAND 																												RIGHT HAND 

		FINGER (Thumb I - Little Finger IV)				1				2						3						4						5						6				7						8						9						10

		PHALANGE (DISTAL D, MEDIAL M, puOXIMAL P):				D		P		D		M		P		D		M		P		D		M		P		D		M		P		D		P		D		M		P		D		M		P		D		M		P		D		M		P						Ridge Direction Variants:		Radial (r)		Ulnar (u)		Horizontal (q)		Distal (d)		puoximal (p)		Distal-radial (dr)		Distal-ulnar (du)		puoximal-radial (pu)		puoximal-ulnar (pr)

																										10

		PARTICIPANTS:		Participant ID:																																																														Classifications		Ridge Direction

		Participant 1		PN001		NA		NA		A		r		dr		A		pu		d		L		du		du		L		du		NA		NA		NA		L		dr		dr		L		dr		d		L		p		du		L		du		u						Stripe (S)		radial (rS)		Ulnar (uS)		Horizontal (qS)

		Participant 2		PN002		NA		NA		L		p		dr		L		p		pu		L		du		du		L		u		u		NA		NA		L		dr		r		L		dr		dr		L		p		du		L		du		u						Hoopr (H)		Distal-Radial (drH)		Distal-ulnar (duH)		puoximal-radial (puH)		puoximal-Ulnar (prH)

		Participant 3		PN003		W		NA		L		pr		dr		L		p		d		W		p		d		L		du		NA		NA		NA		L		dr		d		L		dr		d		W		p		NA		L		du		u						Wave (WI)		Distal (dWI)		puoximal (pWI)

		Participant 4		PN004		NA		NA		L		p		dr		L		p		p		L		p		NA		L		du		u		NA		NA		W		pr		du		L		pr		pr		L		p		NA		L		du		u						Arch (B)		Distal (dB)		puoximal (pB)

		Participant 5		PN005		NA		NA		A		dr		dr		L		p		dr		L		p		du		L		du		u		NA		NA		L		dr		p		L		dr		dr		L		r		pu		L		du		u						Angle (N)		Distal-Radial (drN)		Distal-Ulnar (duN)		puoximal-radial (puN)		puoximal-Ulnar (prN)

		Participant 6		PN006		NA		NA		W		pr		dr		L		pr		q		W		du		du		L		du		u		NA		NA		W		r		r		W		pr		d		W		pr		d		L		du		u						Arc Angle (AN)		Distal-Radial (drAN)		Distal-Ulnar (duAN)		puoximal-radial (puAN)		puoximal-Ulnar (prAN)

		Participant 7		PN007		L		dr		W		pr		dr		L		u		d		W		d		du		W		du		u		NA		NA		L		r		dr		W		r		d		W		pr		du		W		du		u						Double Angle (DN)		Radial (rDN)		Distal (uDN)

		Participant 8		PN008		L		NA		W		pu		dr		W		dr		q		W		pr		du		W		u		u		NA		NA		W		dr		dr		W		dr		dr		W		pr		du		W		du		u						Double Arc Angle (DAN)		Radial (rDAN)		Distal (uDAN)

		Participant 9		PN009		NA		NA		L		r		dr		L		du		p		L		du		u		L		du		u		NA		NA		W		r		dr		L		r		d		L		pr		q		L		du		u						Combination (C)		Radial (rC)		Ulnar (uC)		Horizontal (qC)

		Participant 10		PN010		L		NA		W		pu		dr		L		pu		p		W		pr		p		W		du		u		L		NA		L		r		dr		W		r		d		W		pr		du		W		du		u

		Participant 11		PN011		L		NA		L		q		dr		L		du		u		L		du		du		L		du		u		L		NA		L		dr		dr		L		u		pu		L		d		NA		L		du		NA

		Participant 12		PN012		NA		NA		L		dr		dr		L		d		u		L		du		du		L		u		u		NA		NA		W		dr		NA		L		r		dr		L		NA		du		L		NA		NA

		Participant 13		PN013		NA		NA		A		dr		r		A		du		u		L		du		pu		L		du		u		NA		NA		NA		NA		NA		L		p		NA		A		pr		NA		NA		du		u						HAND		FINGER		PHALANGE		DIRECTION		COUNT OF PARTICIPANTS		NA'S		TOTAL NUMBER OF PARTICIPANTS (SHOULD BE 207)

		Participant 14		PN014		NA		NA		W		pr		pu		W		p		u		W		du		u		L		du		u		NA		NA		W		r		dr		W		pr		pu		W		r		p		W		du		u						LEFT HAND		1		P		r		22		128		128

		Participant 15		PN015		NA		NA		L		dr		d		L		du		pu		W		pr		du		L		du		u		NA		NA		L		r		dr		L		du		r		W		pr		d		L		du		u						LEFT HAND		1		P		u		0

		Participant 16		PN016		NA		NA		L		dr		pr		L		p		pu		L		u		pu		L		pu		u		NA		NA		L		r		r		L		dr		pr		L		r		p		L		du		du						LEFT HAND		1		P		d		2

		Participant 17		PN017		NA		NA		L		dr		r		L		du		p		L		du		d		L		du		du		NA		NA		W		r		pr		L		dr		dr		W		u		d		L		NA		u						LEFT HAND		1		P		p		0

		Participant 18		PN018		NA		NA		W		pr		dr		W		u		dr		W		d		du		L		du		u		NA		NA		W		pr		dr		W		u		du		W		dr		du		L		du		u						LEFT HAND		1		P		q		1

		Participant 19		PN019		NA		NA		W		pr		pu		W		p		u		W		du		u		L		du		u		NA		NA		W		r		dr		W		pr		pu		W		r		p		W		du		u						LEFT HAND		1		P		dr		54

		Participant 20		PN020		W		NA		L		r		dr		L		p		r		W		u		r		W		du		NA		NA		NA		L		dr		NA		L		pr		r		L		u		du		W		du		NA						LEFT HAND		1		P		du		0

		Participant 21		PN021		NA		NA		L		pr		dr		L		p		pu		L		NA		NA		L		du		NA		NA		NA		L		pr		dr		L		pr		NA		L		dr		r		L		du		NA						LEFT HAND		1		P		pu		0

		Participant 22		PN022		L		NA		L		r		dr		A		p		dr		W		du		du		L		du		du		W		NA		A		dr		dr		W		dr		dr		W		dr		d		W		u		NA						LEFT HAND		1		P		pr		0

		Participant 23		PN023		L		NA		W		pr		dr		L		du		u		L		du		du		L		du		NA		W		NA		L		r		r		L		pr		q		W		dr		r		L		dr		NA						LEFT HAND		2		M		r		42		5		5

		Participant 24		PN024		L		NA		L		pr		dr		L		pu		pu		L		du		u		L		NA		NA		L		NA		A		dr		r		L		pr		dr		L		du		d		L		du		NA						LEFT HAND		2		M		u		2

		Participant 25		PN025		W		NA		W		dr		dr		W		du		d		W		u		NA		L		NA		NA		W		NA		W		dr		dr		W		r		d		W		r		du		W		du		NA						LEFT HAND		2		M		d		5

		Participant 26		PN026		L		NA		L		pr		NA		A		p		NA		L		du		u		L		u		NA		L		NA		L		dr		r		L		pr		u		L		q		u		L		du		NA						LEFT HAND		2		M		p		15

		Participant 27		PN027		W		NA		W		r		dr		W		du		q		W		u		d		L		du		NA		L		NA		W		pr		NA		L		dr		dr		W		pr		d		L		du		NA						LEFT HAND		2		M		q		11

		Participant 28		PN028		L		dr		L		p		dr		L		p		d		L		du		du		L		du		NA		W		dr		A		pr		dr		L		dr		dr		W		r		du		L		du		NA						LEFT HAND		2		M		dr		98

		Participant 29		PN029		W		NA		L		dr		dr		L		dr		dr		L		pr		p		L		du		NA		W		NA		W		dr		dr		L		dr		pr		W		pr		dr		L		du		NA						LEFT HAND		2		M		du		0

		Participant 30		PN030		L		NA		A		dr		r		A		u		d		L		d		d		L		du		NA		L		NA		A		dr		r		L		dr		d		L		d		r		W		du		NA						LEFT HAND		2		M		pu		7

		Participant 31		PN031		W		NA		L		dr		r		L		p		pu		L		pu		p		L		du		NA		W		NA		L		p		dr		L		pr		q		L		pr		pr		L		du		NA						LEFT HAND		2		M		pr		22

		Participant 32		PN032		L		NA		W		dr		NA		W		p		NA		W		u		p		L		du		NA		L		NA		W		dr		NA		W		pr		p		W		dr		d		W		du		NA						LEFT HAND		2		P		r		56		18		18

		Participant 33		PN033		L		NA		L		pr		NA		L		p		u		L		du		NA		L		NA		NA		W		NA		A		dr		r		L		pr		pr		L		d		NA		L		NA		NA						LEFT HAND		2		P		u		0

		Participant 34		PN034		W		NA		L		dr		NA		L		du		u		W		u		NA		W		du		NA		W		NA		W		dr		r		L		dr		du		W		r		du		W		du		NA						LEFT HAND		2		P		d		7

		Participant 35		PN035		A		NA		A		r		r		A		p		p		L		pu		p		L		du		NA		L		NA		A		dr		dr		A		pr		pr		L		dr		pr		A		du		NA						LEFT HAND		2		P		p		0

		Participant 36		PN036		L		NA		L		dr		dr		L		p		d		L		du		NA		L		u		NA		L		NA		L		dr		dr		L		dr		r		W		r		du		L		u		NA						LEFT HAND		2		P		q		4

		Participant 37		PN037		L		NA		L		u		d		L		du		du		L		du		du		L		du		NA		L		r		L		r		dr		L		dr		dr		L		r		d		L		du		du						LEFT HAND		2		P		dr		104

		Participant 38		PN038		W		NA		W		dr		dr		W		p		dr		L		du		du		W		du		NA		W		NA		W		dr		dr		L		dr		dr		W		u		du		W		u		NA						LEFT HAND		2		P		du		2

		Participant 39		PN039		W		r		L		pr		pr		L		pu		pu		L		pu		du		L		du		NA		W		r		L		r		r		L		pr		dr		L		p		d		L		du		NA						LEFT HAND		2		P		pu		4

		Participant 40		PN040		L		NA		L		dr		NA		L		du		du		L		du		NA		L		NA		NA		L		NA		L		r		r		L		dr		dr		L		dr		d		L		du		NA						LEFT HAND		2		P		pr		12

		Participant 41		PN041		L		NA		A		dr		NA		A		p		q		L		r		du		L		u		NA		W		NA		A		dr		r		A		dr		r		A		p		pr		NA		du		du						LEFT HAND		3		M		r		1		7		7

		Participant 42		PN042		L		dr		A		dr		dr		L		u		u		L		du		du		L		du		NA		L		dr		L		dr		pr		L		r		u		L		dr		d		L		du		NA						LEFT HAND		3		M		u		30

		Participant 43		PN043		L		NA		L		p		d		L		p		pu		W		du		du		L		du		NA		W		NA		L		dr		dr		L		pr		dr		W		r		du		W		du		NA						LEFT HAND		3		M		d		3

		Participant 44		PN044		W		NA		L		r		dr		L		pu		u		W		du		du		L		du		NA		W		NA		W		dr		dr		L		pr		q		W		du		du		L		du		u						LEFT HAND		3		M		p		74

		Participant 45		PN045		W		NA		L		pu		NA		L		u		du		W		du		NA		W		du		NA		W		NA		L		dr		NA		L		r		dr		W		pr		NA		W		d		NA						LEFT HAND		3		M		q		1

		Participant 46		PN046		L		NA		A		r		r		A		u		d		L		d		du		L		u		NA		L		NA		A		dr		r		L		dr		d		L		d		q		W		du		NA						LEFT HAND		3		M		dr		9

		Participant 47		PN047		W		NA		L		r		d		L		u		d		W		du		du		L		du		NA		W		NA		L		r		dr		L		dr		dr		L		u		du		L		du		NA						LEFT HAND		3		M		du		52

		Participant 48		PN048		L		dr		L		q		dr		L		pu		du		L		pr		du		L		du		u		L		dr		L		r		dr		L		r		d		L		pr		d		L		du		du						LEFT HAND		3		M		pu		25

		Participant 49		PN049		W		dr		W		q		dr		W		du		pu		W		pr		p		W		du		u		W		r		L		dr		dr		L		pr		r		L		pr		p		L		du		u						LEFT HAND		3		M		pr		5

		Participant 50		PN050		W		NA		L		r		dr		L		u		du		L		du		du		L		du		NA		L		NA		L		r		dr		L		dr		dr		W		pr		du		L		du		NA						LEFT HAND		3		P		r		19		21		21

		Participant 51		PN051		W		dr		W		q		dr		W		du		pu		W		pr		p		L		du		u		W		r		L		dr		dr		L		pr		p		L		pr		p		L		du		u						LEFT HAND		3		P		u		30

		Participant 52		PN052		L		NA		A		q		NA		A		pu		NA		L		d		NA		L		u		NA		W		NA		L		dr		dr		L		dr		dr		L		r		NA		L		du		NA						LEFT HAND		3		P		d		21

		Participant 53		PN053		L		NA		L		dr		dr		L		du		u		L		du		du		L		du		NA		W		NA		L		dr		dr		L		pr		r		L		dr		r		L		du		NA						LEFT HAND		3		P		p		15

		Participant 54		PN054		L		dr		W		dr		d		W		du		du		W		du		du		W		du		u		W		r		W		dr		dr		W		dr		d		W		r		du		W		du		NA						LEFT HAND		3		P		q		21

		Participant 55		PN055		L		NA		L		pr		r		L		du		u		L		du		p		L		u		NA		W		NA		L		dr		r		L		dr		dr		L		r		p		L		du		u						LEFT HAND		3		P		dr		14

		Participant 56		PN056		L		dr		W		r		dr		W		pu		d		W		u		pu		L		du		NA		L		dr		W		r		dr		W		dr		dr		W		NA		NA		W		du		NA						LEFT HAND		3		P		du		32

		Participant 57		PN057		L		NA		L		q		dr		W		p		d		W		p		du		L		u		NA		A		NA		L		dr		dr		L		pr		du		W		r		du		L		du		NA						LEFT HAND		3		P		pu		33

		Participant 58		PN058		L		NA		L		dr		dr		L		p		du		L		du		du		L		du		NA		L		r		W		dr		dr		L		p		u		L		pu		du		L		NA		NA						LEFT HAND		3		P		pr		1

		Participant 59		PN059		L		NA		L		r		dr		L		p		p		L		q		p		L		du		u		L		NA		L		dr		dr		L		pr		pr		L		pr		dr		L		du		NA						LEFT HAND		4		M		r		1		18		18

		Participant 60		PN060		W		NA		L		dr		dr		W		p		du		W		du		du		L		du		NA		W		NA		W		dr		dr		L		dr		pu		W		p		du		L		du		NA						LEFT HAND		4		M		u		29

		Participant 61		PN061		L		NA		A		r		dr		L		pu		NA		L		NA		NA		L		du		NA		L		NA		L		dr		dr		L		r		dr		W		du		du		L		du		NA						LEFT HAND		4		M		d		13

		Participant 62		PN062		L		dr		L		dr		r		L		p		p		L		pu		p		L		u		NA		L		r		L		dr		r		L		dr		pr		L		dr		d		L		du		NA						LEFT HAND		4		M		p		9

		Participant 63		PN063		W		dr		W		dr		r		L		p		r		W		u		du		L		du		NA		W		r		W		dr		r		L		pr		dr		W		r		r		W		du		NA						LEFT HAND		4		M		q		2

		Participant 64		PN064		L		r		L		dr		pr		L		u		p		L		dr		p		L		du		NA		L		r		W		dr		pr		L		p		NA		L		dr		r		L		du		NA						LEFT HAND		4		M		dr		3

		Participant 65		PN065		W		r		W		dr		r		L		p		NA		W		du		u		W		u		du		W		r		W		dr		dr		L		pr		du		W		du		du		W		du		NA						LEFT HAND		4		M		du		106

		Participant 66		PN066		W		r		W		u		q		W		u		u		W		du		du		L		u		NA		W		r		L		r		dr		L		dr		dr		W		r		dr		W		du		NA						LEFT HAND		4		M		pu		14

		Participant 67		PN067		W		NA		W		r		dr		W		u		dr		W		u		du		W		du		NA		W		NA		W		dr		r		W		dr		NA		W		pr		du		W		du		NA						LEFT HAND		4		M		pr		12

		Participant 68		PN068		L		d		W		dr		dr		L		p		r		L		u		du		L		u		u		L		dr		L		r		dr		L		p		dr		L		r		du		L		du		u						LEFT HAND		4		P		r		4		23		23

		Participant 69		PN069		L		NA		L		dr		dr		L		p		q		L		p		d		L		du		NA		L		NA		L		dr		r		A		pr		dr		L		p		dr		L		du		u						LEFT HAND		4		P		u		29

		Participant 70		PN070		W		dr		W		q		du		W		du		pu		L		du		p		L		du		NA		W		dr		W		r		r		W		pr		pr		W		r		pr		L		du		du						LEFT HAND		4		P		d		10

		Participant 71		PN071		W		NA		W		p		d		W		dr		r		W		du		p		W		du		NA		L		r		W		dr		d		L		dr		r		W		r		r		W		du		NA						LEFT HAND		4		P		p		23

		Participant 72		CN001		L		dr				dr		pr				q		dr				d		du				u		u				dr				r		pr				p		q				pr		du				du		u						LEFT HAND		4		P		q		3

		Participant 73		CN002				dr				dr		pr				p		u				du		pu				du		u				dr				dr		r				p		r				p		p				du		u						LEFT HAND		4		P		dr		0

		Participant 74		CN003				dr				dr		NA				p		d				NA		pu				du		NA				dr				dr		d				p		du				NA		NA				du		u						LEFT HAND		4		P		du		103

		Participant 75		CN004				dr				dr		NA				p		p				u		NA				u		u				dr				r		r				p		pr				pr		NA				du		u						LEFT HAND		4		P		pu		12

		Participant 76		CN005				dr				dr		dr				u		du				du		du				du		NA				dr				r		r				dr		d				dr		d				du		u						LEFT HAND		4		P		pr		0

		Participant 77		CN006				dr				dr		r				u		pu				du		du				du		u				dr				dr		r				r		p				dr		du				du		u						LEFT HAND		5		M		r		0		13		13

		Participant 78		CN007				NA				NA		NA				u		NA				NA		NA				NA		NA				dr				dr		NA				p		NA				dr		q				du		u						LEFT HAND		5		M		u		37

		Participant 79		CN008				dr				dr		dr				NA		NA				NA		NA				du		u				dr				dr		dr				dr		NA				du		pu				NA		du						LEFT HAND		5		M		d		0

		Participant 80		CN009				dr				q		dr				pu		du				du		u				du		u				dr				dr		pr				dr		dr				pr		du				du		u						LEFT HAND		5		M		p		0

		Participant 81		CN010				dr				dr		pr				p		p				du		du				du		u				dr				dr		dr				dr		r				dr		du				du		u						LEFT HAND		5		M		q		0

		Participant 82		CN011				dr				dr		dr				p		dr				u		du				u		u				dr				r		r				dr		r				r		du				du		u						LEFT HAND		5		M		dr		0

		Participant 83		CN012				dr				p		r				p		r				du		p				du		u				dr				r		r				dr		dr				r		d				du		u						LEFT HAND		5		M		du		155

		Participant 84		CN013				dr				r		q				p		pu				du		pu				du		du				dr				pr		dr				pr		dr				r		NA				du		du						LEFT HAND		5		M		pu		2

		Participant 85		CN014				dr				dr		r				p		r				u		du				u		u				dr				dr		r				dr		NA				NA		NA				u		du						LEFT HAND		5		M		pr		0

		Participant 86		CN015				dr				dr		dr				u		q				du		du				u		du				dr				r		r				dr		r				d		q				u		du						LEFT HAND		5		P		r		0		68		68

		Participant 87		CN016		tapue mine again																																																												LEFT HAND		5		P		u		111

		Participant 88		CN017				r				dr		r				du		u				u		du				u		u				dr				dr		dr				du		pu				dr		d				du		du						LEFT HAND		5		P		d		0

		Participant 89		CN018				dr				dr		dr				pu		d				pu		du				du		du				dr				r		dr				dr		d				du		du				du		du						LEFT HAND		5		P		p		0

		Participant 90		CN019				dr				dr		dr				u		du				du		du				u		u				dr				dr		pr				r		dr				pr		du				u		u						LEFT HAND		5		P		q		0

		Participant 91		CN020				dr				NA		NA				p		NA				NA		du				du		u				dr				dr		dr				dr		d				pr		du				du		u						LEFT HAND		5		P		dr		0

		Participant 92		CN021				dr				dr		dr				pu		q				NA		NA				NA		NA				dr				r		pr				d		NA				d		NA				du		u						LEFT HAND		5		P		du		28

		Participant 93		CN022				dr				dr		r				p		du				du		u				du		u				dr				dr		dr				r		r				pr		du				du		NA						LEFT HAND		5		P		pu		0

		Participant 94		CN023				dr				p		r				p		du				pu		du				u		NA				dr				dr		dr				pr		dr				dr		du				du		u						LEFT HAND		5		P		pr		0

		Participant 95		CN024				dr				dr		r				dr		r				pr		du				u		du				dr				dr		dr				dr		r				pr		q				du		u						RIGHT HAND		6		P		r		26		125		125

		Participant 96		CN025				dr				dr		dr				u		du				du		du				u		du				dr				dr		r				dr		d				d		du				u		du						RIGHT HAND		6		P		u		0

		Participant 97		CN026				dr				dr		dr				u		du				du		du				du		u				dr				dr		pr				r		dr				dr		du				du		u						RIGHT HAND		6		P		d		0

		Participant 98		CN027				dr				dr		NA				NA		NA				NA		d				NA		NA				dr				NA		dr				NA		NA				NA		du				du		u						RIGHT HAND		6		P		p		0

		Participant 99		CN028				dr				dr		dr				dr		dr				d		du				du		du				dr				r		dr				d		d				d		du				u		du						RIGHT HAND		6		P		q		0

		Participant 100		CN029				dr				r		dr				r		dr				u		d				u		du				dr				dr		dr				r		d				pr		du				du		du						RIGHT HAND		6		P		dr		56

		Participant 101		CN030				dr				r		r				du		NA				NA		NA				du		NA				NA				dr		NA				p		q				dr		NA				du		u						RIGHT HAND		6		P		du		0

		Participant 102		CN031				dr				dr		r				u		du				du		p				du		u				dr				dr		r				dr		r				dr		r				du		du						RIGHT HAND		6		P		pu		0

		Participant 103		CN032				dr				dr		r				dr		dr				dr		q				du		du				dr				dr		pr				dr		dr				dr		pr				du		du						RIGHT HAND		6		P		pr		0

		Participant 104		CN033				q				dr		dr				u		pu				du		du				u		du				dr				dr		dr				dr		r				dr		p				du		du						RIGHT HAND		7		M		r		67		3		3

		Participant 105		CN034				d				dr		dr				du		pu				u		du				du		u				dr				q		dr				p		q				u		du				du		du						RIGHT HAND		7		M		u		0

		Participant 106		CN035				dr				p		dr				pu		dr				pu		du				du		du				dr				dr		dr				dr		r				r		du				du		du						RIGHT HAND		7		M		d		0

		Participant 107		CN036				dr				pr		r				d		pu				du		du				du		u				dr				dr		pr				dr		r				du		du				du		u						RIGHT HAND		7		M		p		1

		Participant 108		CN037				dr				dr		dr				p		dr				p		d				du		u				dr				dr		p				p		q				p		du				du		u						RIGHT HAND		7		M		q		1

		Participant 109		CN038				dr				r		dr				pu		d				du		u				pu		u				dr				r		dr				r		p				d		du				du		du						RIGHT HAND		7		M		dr		121

		Participant 110		CN039				dr				r		dr				dr		d				du		du				du		u				dr				dr		dr				dr		q				dr		du				du		u						RIGHT HAND		7		M		du		1

		Participant 111		CN040				dr				dr		dr				du		du				u		du				du		du				r				dr		pr				dr		r				pr		d				u		du						RIGHT HAND		7		M		pu		0

		Participant 112		CN041				dr				dr		dr				p		dr				du		d				du		u				dr				dr		dr				pu		d				du		d				du		du						RIGHT HAND		7		M		pr		13

		Participant 113		CN042				r				r		r				p		du				d		du				du		du				r				dr		dr				p		u				pr		d				du		du						RIGHT HAND		7		P		r		54		12		12

		Participant 114		PN072				NA				dr		dr				pu		du				u		du				du		u				NA				dr		dr				pr		du				r		du				du		u						RIGHT HAND		7		P		u		0

		Participant 115		PN073				NA				q		r				pu		NA				d		du				u		u				NA				dr		dr				p		NA				pr		du				du		u						RIGHT HAND		7		P		d		5

		Participant 116		PN074				r				pu		dr				u		pu				du		du				u		NA				NA				dr		dr				pr		r				pr		u				NA		NA						RIGHT HAND		7		P		p		2

		Participant 117		PN075				r				dr		dr				u		r				du		du				u		u				r				dr		dr				dr		r				pr		du				du		u						RIGHT HAND		7		P		q		1

		Participant 118		PN076				NA				r		dr				pu		d				du		du				du		u				NA				r		dr				dr		d				p		du				du		u						RIGHT HAND		7		P		dr		119

		Participant 119		PN077				r				r		r				pu		u				du		du				du		u				NA				dr		dr				pu		pu				d		NA				du		NA						RIGHT HAND		7		P		du		1

		Participant 120		PN078				dr				r		dr				pu		d				pr		du				du		du				dr				r		dr				r		r				r		du				du		u						RIGHT HAND		7		P		pu		0

		Participant 121		PN079				NA				dr		dr				u		pu				d		r				du		du				NA				dr		dr				d		dr				dr		r				du		u						RIGHT HAND		7		P		pr		13

		Participant 122		PN080				NA				NA		r				p		NA				NA		u				du		u				NA				dr		dr				p		NA				p		du				du		u						RIGHT HAND		8		M		r		25		1		1

		Participant 123		PN081				dr				pr		r				pr		pu				du		u				du		u				r				pr		dr				pr		r				pr		u				du		u						RIGHT HAND		8		M		u		8

		Participant 124		PN082				NA				dr		dr				NA		du				NA		du				NA		NA				NA				dr		dr				dr		dr				NA		du				du		NA						RIGHT HAND		8		M		d		5

		Participant 125		PN083				NA				dr		r				du		du				u		du				u		u				NA				dr		dr				dr		dr				r		q				du		u						RIGHT HAND		8		M		p		20

		Participant 126		PN084				r				d		dr				u		pu				du		u				du		u				NA				dr		dr				dr		p				pr		du				du		u						RIGHT HAND		8		M		q		0

		Participant 127		PN085				r				r		dr				du		u				du		u				du		u				r				dr		dr				p		d				pr		du				du		u						RIGHT HAND		8		M		dr		84

		Participant 128		PN086				r				pr		dr				p		d				pu		du				du		u				r				dr		dr				pr		p				p		du				du		u						RIGHT HAND		8		M		du		4

		Participant 129		PN087				dr				p		r				p		q				du		p				du		u				r				dr		dr				pr		pr				pr		d				du		u						RIGHT HAND		8		M		pu		3

		Participant 130		PN088				r				p		dr				du		r				du		du				du		u				r				dr		d				pr		d				pr		du				du		u						RIGHT HAND		8		M		pr		57

		Participant 131		PN089				NA				r		dr				u		du				du		du				du		u				NA				dr		NA				dr		dr				pr		du				du		u						RIGHT HAND		8		P		r		42		14		14

		Participant 132		PN090				NA				p		dr				p		pu				p		p				du		du				r				dr		dr				p		r				dr		d				NA		NA						RIGHT HAND		8		P		u		9

		Participant 133		PN091				NA				dr		r				du		pu				pr		du				du		u				NA				dr		dr				u		r				r		d				du		u						RIGHT HAND		8		P		d		34

		Participant 134		PN092				r				dr		pr				p		pu				u		pu				du		u				NA				r		r				dr		dr				r		p				du		u						RIGHT HAND		8		P		p		13

		Participant 135		PN093				NA				r		r				pu		q				u		q				du		u				NA				r		dr				dr		r				p		u				NA		NA						RIGHT HAND		8		P		q		11

		Participant 136		PN094				NA				dr		dr				du		r				du		du				du		u				NA				r		dr				dr		dr				r		du				du		u						RIGHT HAND		8		P		dr		52

		Participant 137		PN095				r				d		dr				du		pu				du		du				du		u				NA				dr		dr				dr		d				pr		p				du		du						RIGHT HAND		8		P		du		7

		Participant 138		PN096				NA				dr		dr				u		NA				d		du				du		u				NA				dr		dr				d		dr				pr		du				du		du						RIGHT HAND		8		P		pu		12

		Participant 139		PN097				dr				pr		r				p		pu				du		u				du		u				dr				pr		dr				pr		r				pr		u				du		u						RIGHT HAND		8		P		pr		13

		Participant 140		PN098				NA				dr		NA				pu		du				d		du				du		NA				NA				dr		r				p		r				d		du				du		NA						RIGHT HAND		9		M		r		39		13		13

		Participant 141		PN099				NA				r		r				pu		u				du		du				du		u				NA				dr		dr				pu		pu				d		du				du		NA						RIGHT HAND		9		M		u		5

		Participant 142		PN100				NA				dr		dr				p		du				du		u				NA		NA				NA				r		dr				dr		NA				NA		du				du		u						RIGHT HAND		9		M		d		17

		Participant 143		PN101				NA				dr		dr				dr		d				pu		du				u		du				dr				r		dr				pr		pu				p		du				u		du						RIGHT HAND		9		M		p		24

		Participant 144		PN102				NA				r		r				du		u				u		du				du		du				NA				pr		r				u		u				q		du				u		du						RIGHT HAND		9		M		q		4

		Participant 145		PN103				r				r		r				du		q				du		du				du		u				r				r		r				pr		r				NA		u				du		u						RIGHT HAND		9		M		dr		27

		Participant 146		PN104				NA				dr		r				p		r				p		p				du		u				dr				dr		dr				pr		p				pr		r				du		du						RIGHT HAND		9		M		du		14

		Participant 147		PN105				NA				dr		r				p		r				pu		p				du		u				NA				dr		r				dr		r				p		d				u		du						RIGHT HAND		9		M		pu		3

		Participant 148		PN106				r				p		dr				du		r				du		u				du		u				NA				dr		dr				dr		d				pr		du				du		u						RIGHT HAND		9		M		pr		61

		Participant 149		PN107				NA				dr		dr				p		r				du		pu				du		u				NA				dr		dr				p		dr				p		du				du		u						RIGHT HAND		9		P		r		14		18		18

		Participant 150		PN108				NA				dr		dr				du		pu				du		du				du		u				dr				dr		r				pr		r				r		pr				du		u						RIGHT HAND		9		P		u		7

		Participant 151		PN109				NA				dr		r				du		p				du		u				du		u				NA				r		dr				r		d				pr		p				du		u						RIGHT HAND		9		P		d		31

		Participant 152		PN110				NA				r		r				du		q				du		q				du		u				NA				r		dr				pr		r				p		u				NA		NA						RIGHT HAND		9		P		p		20

		Participant 153		PN111				NA				d		q				du		u				q		u				du		u				NA				dr		r				dr		d				pr		p				du		du						RIGHT HAND		9		P		q		11

		Participant 154		PN112				NA				dr		r				u		u				du		du				du		u				dr				dr		r				dr		r				pr		r				du		u						RIGHT HAND		9		P		dr		6

		Participant 155		PN113				NA				r		dr				du		p				du		u				du		u				NA				r		dr				r		d				pr		q				du		u						RIGHT HAND		9		P		du		90

		Participant 156		PN114				r				p		d				du		r				du		du				du		u				NA				du		d				du		d				pu		dr				du		u						RIGHT HAND		9		P		pu		2

		Participant 157		PN115				NA				r		dr				p		du				du		du				du		u				r				r		dr				dr		r				du		du				du		u						RIGHT HAND		9		P		pr		8

		Participant 158		PN116				NA				r		dr				du		du				du		u				du		u				NA				r		dr				r		d				pr		p				du		u						RIGHT HAND		10		M		r		0		11		11

		Participant 159		PN117				NA				d		dr				u		q				du		u				du		u				NA				dr		dr				r		dr				pr		du				du		u						RIGHT HAND		10		M		u		14

		Participant 160		PN118																																																														RIGHT HAND		10		M		d		1

		Participant 161		PN119				NA				q		r				du		pu				du		du				du		u				NA				dr		dr				u		pu				d		du				du		NA						RIGHT HAND		10		M		p		0

		Participant 162		PN120				NA				dr		r				du		u				du		du				du		u				dr				dr		r				pr		r				pr		pr				du		u						RIGHT HAND		10		M		q		0

		Participant 163		PN121				NA				dr		r				du		p				du		du				du		NA				NA				r		dr				pr		d				pr		p				du		u						RIGHT HAND		10		M		dr		1

		Participant 164		PN122				NA				pr		NA				p		u				du		u				du		u				NA				r		r				dr		p				r		p				du		u						RIGHT HAND		10		M		du		180

		Participant 165		PN123				NA				dr		pr				p		pu				u		pu				du		u				NA				dr		r				pr		p				r		p				du		u						RIGHT HAND		10		M		pu		0

		Participant 166		PN124				NA				r		dr				p		du				du		du				du		u				NA				pr		dr				dr		d				du		du				du		u						RIGHT HAND		10		M		pr		0

		Participant 167		PN125				NA				q		r				pu		u				du		u				du		NA				NA				dr		r				u		du				NA		du				du		NA						RIGHT HAND		10		P		r		0		59		59

		Participant 168		PN126				NA				dr		pr				pr		q				du		du				du		u				r				r		r				pr		d				pr		d				du		u						RIGHT HAND		10		P		u		110

		Participant 169		PN127				NA				pu		dr				du		q				u		du				du		u				NA				dr		r				dr		dr				pr		du				du		u						RIGHT HAND		10		P		d		0

		Participant 170		PN128				NA				dr		r				du		pu				pr		du				du		u				NA				dr		dr				u		r				dr		d				du		u						RIGHT HAND		10		P		p		0

		Participant 171		PN129				r				pr		dr				p		d				pu		du				du		u				dr				pr		dr				pr		p				p		du				du		u						RIGHT HAND		10		P		q		0

		Participant 172		PN130				NA				dr		NA				du		q				NA		NA				NA		NA				NA				dr		dr				dr		dr				d		du				du		u						RIGHT HAND		10		P		dr		0

		Participant 173		PN131				NA				r		r				NA		NA				NA		p				du		NA				NA				r		NA				pr		q				r		du				du		NA						RIGHT HAND		10		P		du		38

		Participant 174		PN132				NA				dr		r				du		pu				pr		du				du		u				NA				dr		dr				u		r				pr		r				du		u						RIGHT HAND		10		P		pu		0

		Participant 175		PN133				NA				p		pu				p		u				du		u				du		u				NA				r		dr				pr		p				r		p				du		u						RIGHT HAND		10		P		pr		0

		Participant 176		PN134				dr				dr		pr				p		pu				u		pu				du		u				NA				dr		r				pr		pr				r		p				du		u

		Participant 177		PN135				r				dr		pr				p		pu				u		pu				du		u				NA				r		r				pr		pr				r		p				du		u

		Participant 178		PN136				NA				pr		pu				p		u				du		u				NA		NA				NA				r		r				pr		pu				r		p				du		u

		Participant 179		PN137				NA				r		dr				p		du				du		du				u		u				r				r		dr				dr		r				du		du				du		u

		Participant 180		PN138				NA				dr		dr				p		r				du		p				du		u				NA				r		pr				pr		dr				du		d				du		u

		Participant 181		PN139				r				dr		dr				du		q				du		d				du		du				NA				r		r				dr		dr				du		d				du		du

		Participant 182		PN140				NA				NA		NA				p		NA				dr		NA				du		u				NA				dr		dr				dr		r				p		du				du		u

		Participant 183		PN141				NA				dr		dr				u		pu				d		r				du		du				NA				r		dr				d		dr				du		dr				du		u

		Participant 184		PN142				NA				r		r				NA		r				u		p				du		u				NA				r		r				pr		q				r		du				du		u

		Participant 185		PN143				dr				d		dr				u		p				du		u				du		u				NA				dr		dr				dr		dr				pr		du				du		u

		Participant 186		PN144				NA				dr		dr				d		u				du		du				u		u				NA				dr		NA				dr		r				pr		du				du		u

		Participant 187		PN145				NA				dr		dr				du		du				du		u				du		u				NA				r		dr				r		d				pr		r				du		u

		Participant 188		PN146				NA				pr		pr				pr		q				du		du				du		u				r				r		dr				pr		d				pr		d				du		u

		Participant 189		PN147				NA				dr		r				du		r				du		r				u		u				NA				dr		dr				dr		dr				d		d				du		u

		Participant 190		PN148				NA				dr		dr				du		pr				du		du				du		u				NA				r		dr				dr		dr				pr		du				du		u

		Participant 191		PN149				NA				pu		dr				du		q				pu		du				du		u				dr				dr		dr				dr		dr				pr		du				du		u

		Participant 192		PN150				NA				NA		NA				NA		NA				NA		NA				NA		NA				NA				r		r				dr		NA				NA		d				du		u

		Participant 193		PN151				NA				dr		dr				p		NA				du		NA				du		NA				NA				dr		NA				dr		r				NA		NA				du		u

		Participant 194		PN152				NA				dr		r				p		q				pu		du				du		u				NA				r		r				dr		r				p		d				du		du

		Participant 195		PN153				NA				p		dr				p		NA				du		u				du		NA				NA				pr		r				dr		u				r		r				du		u

		Participant 196		PN154				NA				pr		dr				p		p				du		pu				NA		NA				NA				pr		pr				dr		pr				pu		pr				NA		NA

		Participant 197		PN155				NA				dr		r				p		du				NA		NA				du		NA				NA				r		dr				dr		NA				NA		NA				du		NA

		Participant 198		PN156				NA				dr		r				p		du				du		du				du		du				NA				r		dr				dr		p				p		du				du		du

		Participant 199		PN157				NA				pu		dr				pu		du				NA		du				du		u				NA				dr		dr				r		u				pr		q				du		du

		Participant 200		PN158				NA				dr		dr				dr		NA				du		du				du		du				NA				r		dr				r		d				q		q				u		u

		Participant 201		PN159				NA				dr		dr				p		u				du		u				du		u				NA				dr		dr				p		pu				p		NA				du		u

		Participant 202		PN160				NA				r		du				pu		u				u		du				du		NA				NA				r		r				pr		dr				d		du				NA		NA

		Participant 203		PN161				dr				r		r				NA		NA				NA		NA				du		u				dr				dr		dr				r		dr				pr		du				du		u

		Participant 204		PN162				NA				dr		dr				pr		d				pu		du				u		du				NA				r		dr				pr		pu				d		du				u		du

		Participant 205		PN163				NA				r		q				du		u				u		du				u		du				NA				r		q				du		u				q		du				du		du

		Participant 206		PN164				r				r		r				du		q				du		du				u		u				dr				r		r				r		r				NA		du				du		u

		Participant 207		PN165				NA				r		r				p		r				p		p				du		du				dr				dr		dr				pr		p				pr		q				du		du

		Participant 208		PN166				NA				dr		r				p		NA				du		NA				du		du				NA				dr		dr				pr		u				p		q				du		u

		Participant 209		PN167				NA				dr		r				du		q				NA		NA				du		u				NA				NA		r				pr		q				dr		du				du		du





Pivot Table

		Ridge Direction		Fingers (1-10)

		Directions		LH		RH		Totals

		distal		61		93		154

		distal-radial		282		466		748

		distal-ulnar		478		335		813

		proximal		136		80		216

		proximal-radial		52		165		217

		proximal-ulnar		97		20		117

		transverse 		43		28		71

		radial		145		267		412

		ulnar		268		153		421

		Totals		1562		1607		3169







Moods Median Test
Population Medians

Were population medians equal for:

- Pattern types on different fingers
- Pattern types on different 

phalanges

Chi-Square Test
Association Between Two Variables 

Is there an association between 
pattern type and:

- phalange
- hand 
- finger 

Statistical Tests of Significance



Population Medians – Moods Median Test

Pattern-type vs. Finger Pattern-type vs. Phalange

p<0.05 = reject null hypothesis

Population medians are not all equal



Association Between Two Variables - Chi-Square Test 

Pattern and Phalange

Pattern and Hand

Pattern and Finger

p<0.05 =
reject null hypothesis

Null hypothesis Ho: The two variables are not associated
Alternative hypothesis H1: The two variables are associated

There is an association between pattern and: 
phalange, finger and hand



DISCUSSION & CONCLUSION



Operational Uses

Search 
Heuristics

Training 
Fingerprint 

Practitioners

1 2



Search Heuristics

Finger Nomination
Results can assist examiners to 

narrow down a search by 
nominating a finger(s), or hand 
(left or right) for their searches 

Can be used in conjunction with 
distal phalanges

Search 
Heuristics

1



Training Fingerprint Practitioners

'A lack of training and experience can affect an 
examiner's ability and confidence in determining proper 

orientation of partial latent prints’
- Ron Smith (2005)

Training 
Fingerprint 

Practitioners

2 Knowledge of typical 
patterns/phalangeal ridge flow 

can:

1. Help examiners locate and 
orient phalangeal impressions 

from a crime scene

2. Aid in determination of 
anatomical source (i.e. knowing 
its from a phalange rather than 

palm, fingertip or foot)



Limitations & Future Direction

Population design
All fingerprints de-identified - can’t be sure whether we have a representative population in terms of age, ancestry and 

gender

Different collection methods
2 fingerprint collection methods utilised. Handprints resulted in large number of unclassified phalanges of the thumb

Classification System
Classification system proposed by Ploetz-Radmann (and used in this study) could be refined to make it more user friendly 

in a forensic science context. 



Conclusion

Ploetz-Radmann’s article has shown that phalange ridge flow can be classified into distinct 
patterns

There are observable trends in both pattern frequency and distribution and ridge direction

Results of this study can aid in determining finger nomination and orientation
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