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Abstract

The objective of this study is to obtain whether forensic identification of the skeletal
structure of the hand bone is sufficient in determining the sex of the victim of a mass
disaster or criminal case. This study has analyzed the bones of 300 hands (150 males and
150 females, aged between 20-60 years) from the staff of Bumrungrad International Hospital.
It shows the middle finger on the right on both sexes is the most useful bone of stature
estimation. Sexual determination from phalange’s length shows higher prediction accuracy of
sex determination than from proximal inter-phalangeal joint width at 75.7% and 62.3%
respectively. The most useful of sexual determination from proximal inter-phalangeal joint
wide is the middle left in female = 58.0 % and from phalange’s length is thumb left in male
= 79.2 %. The results show left finger is more useful bone than the right one cause of less
impact from regular activity. A suggestion in future study is to collecting the hand bones from
people in the same occupation and control the living environment factor, the discriminant
functions carried out by statistical analysis may aid the forensic anthropologist when no

other human skeletal remains suitable for identification are available.

Keywords : Phalange, Proximal inter-phalangeal joint

Introduction

Many countries throughout the world have recently suffered from disaster and
conflagration. Identification of bodies is an important area of forensic science that helps to
repatriate victims back to their families. There are many techniques that can be used to
identify the body, even though in some cases, only some parts of the body are recovered.
(Terrie, 2004) Usually, the material examined consists of largely or completely skeletonized
remains, or skeleton evidence that has been removed from fresh remains and bring to the
interpretation to assess properly the probabilities involved.

This study aims to determine gender and estimate body structure through the
examination of the bones of the hand. Usually these factors are determined from examination
of the skull or pelvis; however it is not uncommon for these parts of the skeleton to be
missing or broken into fragments. In consideration of this, it will be of great benefit to
forensic science if gender can be determined from other parts of remains. In addition,

identification by considering bone structure is less time consuming, more financially
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economical, less complex and more effective. Although, hand bone gender determination
wouldn’t conclusively identify the victim it will reduce the number of possible matches by
50% and estimate to nearest stature of victim only but it would be useful in the order to give

us a basic information to identify our victim which was found at the crime scene.

Objectives

It's to determine gender from phalanges and find correlation between phalanges’s

length and structure.

Population and Samples

In this research, the study was directed at samples from staff of Bumrungrad
International Hospital because researcher working at this organization which sample group is
appreciates to co-operate with this research. Sampling by random from staff who under age

between 20-60 years 300 peoples.

Materials

—

Phalanges
Vernier Caliper (Absolute Digimatic Caliper Series 500) Made in Japan

Gloves

> wn

Data record instrument

Methods

The object of the research is aim to study about evaluation of the reliability of hand
bones. This is a descriptive and inferential statistic in order to determination gender and
estimation stature of victims by measure the length of phalange and width of proximal
inter-metacarpal phalangeal joint. Since we had reviewed the literature from Mania University
as they measured the length of phalange from the top of finger to the third of foldable joint
but if we review the anatomy theory carefully the phalange bone will appear all the way
through metacarpo-phalangeal joint isn’t the third of foldable joint instead. So this
experiment we had measured from the top of finger to metacarpo-phalangeal joint from alive

people in the order to record length of phalanges and for sexual determination, we
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had measured the proximal inter-phalangeal joint’s width by using vernier caliper (Absolute
Digimatic Caliper Series 500) Made in Japan from 300 staffs of Private Hospital on
August 2012 on both issue.

Methodology

A. Estimation bodies’ structure
Independent Variable : Each sample’s length.

Dependent variable : Each phalange’s stature.

Distal Distal _{ ¢ \

inter-
phalangeal
Jjoin

Proximal

inter-  Proximal

Phc"i'oﬂi',"g“' phalanx

Figure 1. Measurement of each phalange’s length
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Figure 2. Measurement of phalanges’ length.

B. Determination gender from hand bond (proximal inter-phalangeal joint)
Independent Variable : Each 1% metalparpal phalangeal joint wide.

Dependent variable : Sex.

Proximal — & ' |
interphalangeal
Joints

Figure 3. Measurement of each 1% metacarpal phalangeal joint’s width
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Figure 4. Measurement of 1% metacarpal phalangeal joint’s width.

Collecting data

1. Record the gender and stature of each sample’s owner

2. Measure wide from proximal inter-phalangeal joint and phalanges’s length in
millimeter unit following :

3. Statistical analysis : One sample test, Paired t-test, Independent Samples t-test
and Discriminant.

4. Connectionism process by using spss

5. Blind test

Statistical analysis

Using Statistical package for the social science following : The descriptive statistics
such as Percentage, Minimum, Maximum, Mean, Standard deviation, correlation and

inferential statistics such as linear regression analysis and case wise.
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Results

The result of stature estimation shows the length of middle left finger is the most
useful bone in the order to estimate stature which the mean on male show longer length than
female. The measurement in female show the middle, ring and little are statistically significant
bilateral difference and all male’s phalanges’s length and thumb, index in female aren’t
statistically significant bilateral difference. The correction of this study shows 80% by blind
test. In the meantime sexual determination indicated that phalange’s length is more useful
bone than proximal inter-phalangeal joint’s width in the order of sexual determination with
classification accuracy = 52.0%-79.2% and 50.7%-58.7%, respectively.

Determine sex from proximal inter-phalangeal joint width is 62.3% and the most
useful bone is thumb left in female and little left in male with 45% correction by blind test

and from phalange’s length is thumb left on both sexes with 60% correction by blind test.

Discussion

From the result above, the most useful bone for this study is mostly from left side
because the general people using the right hand for activity. So the left hand bone is less
impact than right hand. Moreover sexual determination from proximal inter-phalangeal joint
width is only 45% correction reason of our female sample is a nurse but male sample is back
officer service which they have a different activity. Nurse(s) who always doing more tough
activity than back office staff.

We also found theproximal inter-phalangeal joint’s widths on both sexes almost are
statistically significant bilateral difference except in thumb of male only. On the other hand,
phalange’s length show the statistically significant bilateral difference in middle and little
(female) and middle, ring and little (male) and the rest of phalanges aren’t statistically
significant bilateral difference.

Sexual dimorphisms from each phalange’s length are statistically significant and
from proximal inter-phalangeal joint’s width, there are only 4 phalanges are statistically
significant following : middle left, ring left, little left and little right. Sexual prediction is more
reliable in case of Thai males than in females.

As per blind test of 10 samples above, the stature of victim could be estimate from
phalanges length of 8 samples and the most useful bone is L2, L3, L4, L5, R2 and
R3 = 80%.,70% = R4 and 60% = L1, R5 respectively.

SDU Res. J. 6 (2): July-Dec 2013 Stature Estimation and Sex Determination : An Evaluation
of the Reliability of Phalange : Private Hospital Staff Case, Thailand

81



82

The result of sexual determination from blind test is also support to the result above
which the phalange’s length is more accuracy than proximal inter-phalangeal joint’s width.

Our finding are consists to Sotiris et al. (2013) who found that metacarpals are useful
bone for sexing skeleton in Greek population with high classification accuracy at 83-89%
and also recommended that generally, on comparing can be drawn that asymmetry in the
lower limbs would be less pronounced than in limbs because legs are used for locomotion
but arms, especially hands, may be used for variety of activity.

The published Stature estimation from hand and phalanges length of Egyptians of
Sahar and N.N. Nashwa (2010) shows that hand and phalange length are highly reliable for
the estimation of stature in forensic examination. The regression equations can be derived
from hand and phalange length and indicated that the stature can be estimated from them

with SEE ranging from +4.54 to +7.27 cm for both sexes.

Recommendation

The aim of this study was to present phalange length and proximal inter-phalangeal
joint’s width produce acceptable result for stature estimation and sexual determination.
The results may be used for the identification from forensic context.

Future study should be collecting the hand bones information from people in the
same occupation and control the living environment factor and may try to determine gender
from another joint of phalange, the discriminant functions carried out by statistical analysis
may aid the forensic anthropologist when no other human skeletal remains suitable for

identification are available.

References

Terrie Winson (2004). “The Forensic Anthropologist.” December, 2004. Availablefrom : http://

www.anthro4n6.net/forensics/

Sahar R.H. and Nashwa Nabil Kamal. “Stature estimation from hand and phalanges lengths

of Egyptians.” Journal of Forensic and Legal Medicine 17 (2010) 156-160.

Stature Estimation and Sex Determination : An Evaluation SDU Res. J. 6 (2): July-Dec 2013
of the Reliability of Phalange : Private Hospital Staff Case, Thailand



83

Sotiris K. M., Constantine E., Christos G. K., Sherry C. F. (2013). “Sex determination
usingmetacarpal biometric data from Diane L. France. “Forensic Anthropology
a brief review.” Available from : http://www.wadsworth.com/anthropology___

d/special__features/forensics/forensics__index/index.html/January 24, 2013

Author

Keowali Phumkeson,
Master of Science Program in Forensic Science.
Silpakorn University

e-mail: kaewnhumO1@hotmail.com

SDU Res. J. 6 (2): July-Dec 2013 Stature Estimation and Sex Determination : An Evaluation
of the Reliability of Phalange : Private Hospital Staff Case, Thailand







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


