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SUMMARY: Analysis and systematization of the longitudinal dimensions of the phalanges of the index and ring fingers for the
classification of morphological types of the hand using classification and regression trees (CART). X-rays of the hareis afiéGm
women (mean age 47.16 (10.1) years, range 23-65)years studied. Each hand, depending on the ratio of the length of the index and
ring fingers, was classified into three types: radial (R, 2d>4d), indefinite (N, 2d=4d), ulnar (U, 2d>4d). Morphometrygcdphslio
included measurements of the lengths of the proximal (PP), middle (MP), and distal (DP) phalanges. The sex differencalynédhe a
indicators are statistically significant. There were no significant bilateral differences between the phalanges of théflhged lin
length, regardless of sex (p>0.05). A set of rules for classifying the morphological types of the hand depending on thé tlemgths
phalanges of the index and ring fingers was created by constructing a binary decision tree. The CART method demongstfablesshie us
of this statistical procedure for developing a scientifically based prediction of the morphological type of the hand.t3loé ttasidtudy
can be the basis of an algorithm for determining the morphological type of the hand depending on the length of the phtadaimyger of
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INTRODUCTION

The ratio of the length of the index and ring fingeref dependent categorical variable, depending on the
of the hand (2D:4D) is characterized by sexual dimorphisragrresponding values of one or more independent (predictor)
while men, as a rule, have lower values (2D<4D) than womeariables, is the method of classification and regression trees
(2D>4D) (Breedlove, 2010; Manning & Fink, 2018;(CART) (Breimanet al, 1984). CART is a data mining
Richardset al, 2020). In 1935, M.V. Volotsky proposed atechnique that seeks to construct an optimal decision tree
nomenclature of morphological types of hands: ulnar tyfgeased on partitioning a set of variables to accurately predict
(D2<D4), radial type (D2>D4), indefinite type (D2=D4)a dichotomous outcome (Speybroeck, 2012). The formation
(Volotsky, 1935). Many works have been devoted to the study splitting of the tree will continue until a stop criterion
of the 2D:4D ratio, in which various measment methods based on the overall purity of the tree is reached, when the
were used, including direct measurement of the length of teabset can no longer be split, and at a location called the
fingers of the hands (Manning & Taylor, 2001; Petdral, terminal subset, classification is performed. Statistical
2002; Khairullin, 2011), indirect measurement of finger lengthgarning methods, such as classification and regression trees
in photographs or scans (Triveisal, 2006) and radiographs (CART), have become very popular tools for analyzing
of the hands (Vehmast al, 2006; Rbertsonet al, 2008). complex data that often arise in biomedical research (Calle
However, none of the studies to date have present&dSanchez-Espigares, 2007; Speybroeck).
algorithms or models for classifying morphological types
of the hand based on the analysis of the longitudinal The aim of this study was to analyze and systematize
dimensions of the phalanges of the fingers. One of thiee longitudinal dimensions of the phalanges of the Il and
methods of statistical analysis that allows you to preditV fingers for the classification of morphological types of
whether observations or objects belong to a particular clabg hand using CART.
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MATERIAL AND METHOD Extended Classification Trees (C & RT) method, which
allows you to implement data separation based on the
limit value of one of the explanatory variables, so that

The participants of this study were 50 men aged 28he created subsets have a higher proportion of

63 years and 50 women aged 23-65 years permanentlyservations from the same group in order to create

residing in the territory of the Middle Volga region.subsets consisting of observations belonging to only one

Individuals with known diseases and post-traumatic harmgfoup (misclassification costs — equal, goodness of fit —

deformities were excluded from the study. The research wa@ii measure, prior probalities — estimated, stopping rule

conducted in accordance with Russian legislation and theprune on misclassification error).

ethical rules of the Helsinki Declaration for Human researgh

(2013). All the research procedures were agreed upon.

subjects signed an informed consent form. The entire proj;

was approved by the Local Ethics Committee of Ulyanovy

State University (Ulyanovsk City of Russia).

Radiography of the right and left hands wa
performed in an anterior-posterior projection (the cent
of the X-ray radiation was directed at the thirg
metacarpophalangeal joint), the X-ray source was locat
90 cm from the object of study. Radiography wa
performed at an exposure time of 5 seconds and
exposure of 100 mA (Pavlovsky & Kobyliansky, 1999)

Each hand was classified according to the leng
of the index finger: longer (radial type, R), equal (indefinit|
type, N), or shorter than the ring finger (ulnar type, U), b
visually comparing the ratio of the most separated poi
at the ends of the distal phalanges of the fingers relat
to each other on the radiograph (Volotskoi, 1935).

Morphometry of digital images of radiographs wa;
performed in the Hipax Private Health Disk Image Views
program with an accuracy of 0.1 mm. The lengths of t
proximal phalanges (PP), middle (MP), and distal (DH
phalanges of the Il and IV fingers (the distance betwe®
the center of the articular area of the proximal epiphys'fég'
and the point furthest from it on the distal epiphysis of
the phalanx) were measured, which are analogs of the
corresponding indicators of direct osteometry adopted RESULTS
anthropology (Alekseev, 1966) (Fig. 1).

1. X-ray image with measured parameters.

All statistical calculations were performed using In the study sample, the average age of men was
Statistica 13.3 (StatSoft, Palo Alto, California, USA). Thd6.08 (10.01) years (M (SD)), women 48.24 (10.01)) years.
quantitative data was checked for outliers (Grubbs testhe age difference between men and women was not
followed by a sample distribution type check (Shapircsignificant (p=0.28). The sex differences of the analyzed
Wilk test). For each indicator, the mean, standarliddicators, as expected, are pronounced and statistically
deviation, and confidence interval were calculated. Tsignificant (t=6.713.7, p<0.05). No statistically significant
build the classification algorithm, we used data miningilateral differences were found between the phalanges of
methods from the Data Mining module. To identify thehe second and fourth fingers in length, regardless of sex
most important predictor indicators, the Functioifp>0.05), so it was decided to combine the indicators of
Selection and variable screening procedures were ustgb right and left hands into one group. Descriptive statistics
The classification of hand types based on the length affthe lengths of the phalanges of the fingers are presented
the finger phalanx indicators were performed using the Table I.
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Table 1. The length of the phalanges of the index and ring fingers. 1,1

Sex Parameters n M (SD), mm 95% CI, mm 1,0 7«
PP2 94 3996 (2,33)  39,49:40,44 - /
MP4 94 4153 (2,08)  41,11+41,96 “|
Male MP2 94 22,05 (1,57)  21,73:22,38 08t 7
MP4 93 26,05 (1,54)  2574+26,37 o7t P4
DP2 94 16,96 (1,02)  16,75+17,17 . N A oo
DP4 93 1814 (105 17,92:1835  : %1 7 4 W
PP2 81 3861(2,38)  3809+3914  fo5| [/ % 7 %
MP4 80 38,53 (2,53) 37,97+39,1 ol H % 7 4
MP2 81 23,1 (2,37) 22,57+23,62 A VA4 4 %
Female . 7 7 7 7
MP4 81 2268 (2,74)  22,08:2329 03t A Z 7
DP2 81 16,2 (1,08) 15,96+16,44 2l A VA4 7
DP4 80 1613 (1,35 15831643 0 W A W
o1tV 777
. : oo LAY 7R
According to the results of the analysis, the most ™" “yps pPsa  DPa  mP2

significant indicators are the length of the phalanges of the o )
ring fingers (p<0.05). The least important predictive factdrd- 2- Significance of prognostic factors (p<0.05).
is sex (p<0.05) (Fig. 2).

Based on the results of the C&RT analysis, a set ¢fiSCUSSION
classification rules is created by constructing a binary
decision tree that splits the entire data set into disjoint subsets
of homogeneous groups with a minimum number of  Currently, there is no single system for predicting
classification errors (Fig. 3). The root of the tree waghe morphological type of the hand. The purpose of this study
represented by the MP4 indicator, which dichotomouslyas to show the usefulness of multivariate CART procedures
systematizes observations with subsequent vertices — D2 classifying morphological objects. The results obtained
and sex (Sex). Depending on the sex, the values of the ys significantly objectify the criteria for classifying the
indicators PP2, MP4, MP2 and DP4 refer the hand to Onerﬁbrph()]ogica] types of the hand obtained by other
three morphological types, forming 7 terminal vertices. Thesearchers (George, 1930; Volotskoi; Blincoe; 1962; Peters
PP2 index forms terminal vertices with the possibility oft al). The implementation of the algorithm with the

classifying two morphological types of the hand. inclusion in the analysis of indicators of the lengths of the
phalanges of the index and ring fingers of the hand allows
us to go beyond the stereotypes in determining the
MP4 ) .
<=225 I >225 morphological type of the hand based solely on the analysis
[ ] of the longitudinal dimensions of the index and ring fingers
R DP2 (Robertsoret al). The high prognostic
<=16.2 | >162 o 2
: ) significance revealed for the indicators
of the phalanges of the ring fingers in
U SEX : 4 -
= female : = male comparison with the indicators of the
' L phalanges of the index fingers confirms
a5 PP2 o i MP4 ,,, the data on the predominance of the
—I— = 217‘3 I Z 1~ gradient from the digiti minimi to the
N U MP2 U thumb in the process of patterning in the
<=212 I >212 cranio-caudal direction at the stages of
[ 1 morphogenesis of the upper limbs
U 192 DP4 o (Tickle, 2006; Hiscoclet al, 2017). The
B - I " low significance of sex as a prognostic
PP2 R factor is consistent with the data of some
<=385 >1385 authors that the differences in the 2D:4D
[ 1 ratio between males and females are
R U more dependent on the ethnicity of the
skeletal material (Bakholdinat al.,
Fig. 3 Tree of classification of hands by morphological types 2016).
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CONCLUSION Calle, M. L. & Sanchez-Espigares, J. A. Classification trees and regression
in biomedical researciMed. Clin. (Barc.), 129(18§02-6, 2007.
George, R. Human finger typeSnat. Rec., 46(2)99-204, 1930.
Hiscock, T. W.; Tschopp, P. & Tabin, C. J. On the formation of digits and
In conclusion, we note that from the data presented joints during limb developmenbev. Cell, 41(5%459-65, 2017.
in this paper, the CART method demonstrates the usefuln&gsirullin, R. Segmental 2:4 digit ratio. Unilateral, bilateral and hand-type

of this statistical procedure for developing a scientifically,_differences in mertiomo, 62(6)178-86, 2011.
b d forecast of the morpholoaical tvpe of the hand. T gnnmg, J. T. & Fink, B. Sexual dimorphism in the ontogeny of second
ase p g9 yp : (2D) and fourth (4D) digit lengths, and digit ratio (2D:48. J. Hum.

results of this study can be the basis of an algorithm for Biol., 30(4)e23138, 2018.
determining the morphological type of the hand dependiridgnning, J. T. & Taylor, R. P. Second to fourth digit ratio and male ability

; ; ; in sport: implications for sexual selection in hum&wal. Hum. Behav.,
on the length of the phalanges of the index and ring fingers. 22(1)61-9, 2001,

Pavlovsky, O. & Kobyliansky, EPopulation Biology of human Aging
Firenze, Angelo Pontecorboli Editore, Publishing House, 1999.

ERMOLENKO, A. S. & KHAYRULLIN, R. M. Anadlisis de Peters, M.; Mackenzie, K. & Bryden, P. Finger length and distal finger

arbol de clasificacion y regresion para predecir tipos morfoldgicos extent patterns in humartsm. J. Phys. Anthropol., 117(299-17, 2002.

de mano basado en datos radiografidos. J. Morphol. Richards, G.; Browne, W. V.; Aydin, E.; Constantinescu, M.; Nave, G.;
39(6)Y1727-1730, 2021 ' Kim, M. S. & Watson, S. J. Digit ratio (2D:4D) and congenital adrenal

hyperplasia (CAH): Systematic literature review and meta-analysis.

. . P . Horm. Behav., 12604867, 2020.
~ RESUMEN: En este estudio se realiz6 un analisis y sist§gpertson, J.; Zhang, W;; Liu, J. J.; Muir, K. R.; Maciewicz, R. A. & Doherty,
matizacion de las dimensiones longitudinales de las falanges dem. Radiographic assessment of the index to ring finger ratio (2D:4D)

los dedos indice y anular para la clasificacion de tipos morfol6gicos in adults.J. Anat., 212(1%2-8, 2008.
de la mano, mediante arboles de clasificacion y regresion (CARBpeybroeck, N. Classification and regression treesJ. Public Health,
Se estudiaron radiografias de las manos de 50 hombres y 50 muje57(1)243-6, 2012. _ _
res (edad media 47,16 (10,1) afios, rango 23-65 afios). Cada mg%ée’ C. Making digit patterns in the vertebrate liMat. Rev. Mol. Cell

i . ) P iol. 7(1)x45-53, 2006.
seguln la proporcion de la longitud de los dedos indice y anular,_lse ) ) - o

. . . _ , R M ,J. & Jacobson, A. Al tudinal study of digit rat
clasificé en tres tipos: radial (R, 2d> 4d), indefinida (N, 2d = 4d),”vers anning acobson ongriucina s ucly of Cigi. ratio

, . LN , (2D:4D) and other finger ratios in Jamaican childidarm. Behav.,
ulnar (U, 2d> 4d). La morfometria de las radiografias incluyé me- 49(2y150-6, 2006.

diciones de las longitudes de las falanges proximal (FP), medighmas, T.; Solovieva, S. & Leino-Arjas, P. Radiographic 2D:4D index in
(FM) y distal (FD). Las diferencias de sexo de los indicadores ana- females: no relation to anthropometric, behavioural, nutritional, health-
lizados fueron estadisticamente significativas. No hubo diferen- related, occupational or fertility variablel.Negat. Results Biomed.,
cias bilaterales significativas entre las falanges de los dedos Il y 5:12, 2006.

IV en longitud, independientemente del sexo (p> 0,05). Se Crec')YfHOtSk‘?i' M. V. New way of anthropometric characteristics of the distal
conjunto de reglas para clasificar los tipos morfolgicos de la mano Profile of the handAnthropol. J., 1113-7, 1935.

en funcion de las longitudes de las falanges de los dedos indice y

anular mediante la construccién de un arbol de decision binario. El
método CART demuestra la utilidad de este procedimiento esta-
distico para desarrollar una prediccidn con base cientifica del tipo
morfoldgico de la mano. Los resultados de este estudio pueden Q
la base de un algoritmo para determinar el tipo morfolégico de
mano en funcién de la longitud de las falanges de los dedos.
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