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Abstract : Stature estimation is an important aspect of physical anthropology and forensic science, especially
when long bones are missing or fragmented, necessitating alternative skeletal indicators. The sternum, due to its
location in the chest, is relatively resistant to damage and may be useful in forensic identification. However, no
research for stature estimation using the sternum in Korean population has been reported. Therefore, this study aims
to analyze the relationship between sternal length and stature and propose equation of statue estimation in Korean
population. 56 formalin-fixed Korean adult cadavers (38 males, 18 females, mean age 79.2+ 10.3 years) were used
for this study. The length of manubrium (M), length of body (B), and combined length of sternum (CL) and the
stature were measured. Descriptive statistics for all variables were calculated, and comparisons by sex were analyzed
using independent samples t-test. The correlation between sternum length and stature was analyzed using Pearson’s
correlation analysis. To prove the measurement variables with the highest correlation and their effects on stature,
simple linear regression analysis and multiple linear regression analysis were used to derive a regression equation
for estimating stature. Both B and CL showed significant positive correlations with stature in males, females, and the
total sample (p <0.05). B showed the highest correlation (males R =0.748, females R =0.573, total R=0.719) and
showed the lowest standard error of estimate (SEE) in regression analysis, indicating the highest accuracy. Multiple
regression analysis demonstrated that combining B and CL increased accuracy in males and in the total sample. This
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study proposed the first regression equations for stature estimation from sternal length in Koreans. In particular,

B was the most powerful candidate for stature estimation in Koreans. For male, Stature =1218.964+5.110 X B —
0.634 X CL, and for female, Stature =1367.617 +2.232 X B—0.202 X CL. This formula may be more appropriate

and useful in forensic identification and anthropological research for the Korean population.

Keywords : Stature estimation, Sternum, Regression equation, Identification, Koreans
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Table 1. Categorization by age and gender in the Korean population

Age Male Female Total
40~49 1 0 1
50~59 1 2
60~69 4 1 5
70~79 17 3 20
80~89 10 7 17
90~99 5 6 11

Total 38 18 56
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Fig. 1. Measurement points of Sternal Length. M: Length of Manu-
brium; B: Length of Body; CL: Combined Length of Sternum.
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Table 2. Descriptive statistics for the study sample (N =156)
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Total sample (N =56) Male (N =38) Female (N =18)
Variable T-value p-value
Range Mean=*SD Range Mean=*SD Range Mean £ SD
Age 48~99 79.23+10.38 48~92 77.16%+9.10 50~99 83.61+11.75
S (cm) 1482~176.0 161.60+6.94 1482~1760 164.75+5.70 148.7~163.0 154.97+4.07 6.517 <0.001
M (mm) 36.2~59.8 47.77+£6.16 36.5~59.8 49.15+£6.12 36.2~54.2 44871531 2.544 014%*
B (mm) 77.8~1249 99.97+10.88 843~1249 102.71+£9.60 77.8~117.0 94.16+11.40 2928 005%*
CL(mm) 1224~1712 147.72+£13.18 1274~1712 151.85+11.88 122.4~164.5 139.02+11.71 3.791 <0.001
S: Stature; M: Length of Manubrium; B: Length of Body; CL: Combined length of Sternum.
#p<0.05, #*p<0.01
Table 3. Pearson’s correlation for stature and sternal measurements
Correlation of stature with Males Females Total sample
Variable R p-value R p-value R p-value
M (mm) 0.005 978 -0.124 623 0.200 139
B (mm) 0.748 <0.001 0.573 013* 0.719 <0.001
CL (mm) 0.607 <0.001 0.501 034* 0.687 <0.001

M: Length of Manubrium; B: Length of Body, CL: Combined Length of Sternum.
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Table 4. Linear Regression models for stature estimation

Sample Linear Regression model R R SEE
Males Stature =1191.827+4.436 XB 0.748 0.559 38.38
Stature =1205.293+2.912 X CL 0.607 0.368 4592
Females Stature =1357.022 +2.046 X B 0.573 0.328 34.45
Stature =1307.501 + 1.742 X CL 0.501 0.251 36.38
Total sample Stature =1157.790 +4.584 X B 0.719 0.516 48.73
Stature =1081.806 +3.617 X CL 0.687 0472 50.94
B: Length of Body; CL: Combined length of Sternum; SEE: Standard Error of Estimate.

Table 5. Multiple linear regression analysis that suggested increased accuracy in stature estimation
Sample Multiple Linear Regression model R R’ SEE
Males Stature =1218.964 +5.110 X B —0.634 X CL 0.751 0.564 38.72
Females Stature =1367.617+2.232XB —-0.202x CL 0.573 0.328 35.57
Total sample Stature =1108.236 +3.269 X B+ 1.226 X CL 0.727 0.528 48.60

B: Length of Body; CL: Combined length of Sternum; SEE: Standard Error of Estimate.

A0l ¥ AOR BAHUG. BYMBEY Lol B)%
=W AR Y Po| (CLIE 71O 7] 4L 93} =5
B A ognct dael 712 o ASA 238 2
o Uehton 4de] BEUT 29 WA EEL 7]
MOoE E2E PHAL BYMEF 2o|(B)E Fitol
FelHa gees 7 230 A4 5 9 Ao B

=] %Itk (Table 4).
5. 7] Y2 fl=t TtE3HEN

Table 59| thZ3| &4 FAJ T AA FEAA X
259 2oIB)% 5 4
S A8 O BeslARs AL ula) 7] 24 W
7} Z74S et 4 ol 4e) TR AR 3
< S AEA WA vlE) 7] 2 A=) )
A kkth(Table 5).

n
£ ATE AT A4 567E o ERw el
olg3tol 71ete JUPAE PFL, o) F Vo= v
4 AN ANT AT H20) Buehs Fol A
ez glek. 7129} 7] 24 AFEL F2 71 w4t
W, 7, S 58 83k HT-9), Aol
AQA, maehs W2 SolA 2 Wk dd A9t A

A gheh. whebd AL RS B o] 88 7] 5L oA
Yasih S5 BgME Suohy x4 vuy BE 7
A0] 7] Tol (2], TR AN H-83 Thate]
9 4 itk E3 304 o FHE 10047H4 B
o} e =sho] W2 WSkt 3% Ytk B [4s]
stgon, 2 dve] B2 SA0 et 7] 24 A%
o] 2§ 7Fst AR 40t ol4te) A BEoE
i Aol e A7) A5eo] ZakE 4 k.

£ AN BHMARY Dol M)k 719§ 4
BAE UehiA gorovt, BYMEE Lol B)% &
WA Bol(CLE P BRI FAHCE o
oFo] JVAZ ekt 53 BAWEE ] o] (B
FAR=0.748)7 A (R=0.573) 282 HA EER=
0719) BEFAA] 744 £ ABBAS ol AR B4
oA 7] FAL 9% By AEYS s, Tt
719k AW 2z Abol] HUBA =L ol Ao
A Q17 Hehult th2A) debgeh delE (R=0.894) [31],
B17] (R =0.740) [22], = (R =0.719) [34] 17 HT]A
B3 Fe ABAL £ A7 Aot fAstE o v
4, 359 Q%= (R=0.550)[26], Z2EZ(R=0.329)[28], =
#HA(R=0461) [32], A7 F=(R=0.541)[33] Q17+ A
NN e JUHL Buste] Ao Uetyth &
Awgol o 24 W4 F o) H A7 AT AT283134
ML BgMAH ] Lol (CLIA 7HY e AUTA
2 btk JejU SRS gAoR & £ dpeat

o ox
o > i mN

=

ol
ot

q



24 EEe) Qo B)IA 1Y £ HBUBAS very
ok olafat Aol AT EH ok AT W Hol2 2l

RO AREH, B AT AT B} L W B
zpololAl 71218 7FsAe] Gle. Bof 2 W Hlge o
e 2 AeA NS TR I 2019 GFL W
tH37). ol AT Wekd A ek 2 adlo] 7]
24 WRAel A GFL nAtE e Yujad,
ZWH T BYMUo|S o] §3tel 7] 23 FHES &
o7] SIAE 2 1T Hehe] W AN ALt A

o] &2l Ad Aol

2 Aol 1ok B SAHGNA ol 4E
Zpol7h HAE At o) W 719k EAw Sk Aol
of AHHAE LuEH ERwEE 2o|(B)% 719 4
HHANA A (R=0.748)°] A R=0.680)2 H ¥
< FBEAE el e, £ A o] Dol (CL)= ¥4
(R=0.607)°] AP R=050DET & 2 FHAAE
BT ol= |Ad oA Zholl Zolzt glen, ofd A+
A [31,34]9F FARSEAT weba o] wet 7)ef B4
W S Abol o] AHBAE 24T 4 AEol Hig
ALEHE R Adlste] 23T davt e &+

g 4)0] B3 E|9{TH26,3134]. £ ATl
E28 B 199 7] 24 AAPPHS 4

o

©
op
<t
A
o
1>
o
sz
o
B2
)
i_l“
1o
i
©
2
)
i
o
oo
2
o
ox
1>

Ho} EFELA(SEE)7F Rol § w2 A5S 2t &
3] W/dolM= SEE7} 3.83cmZ A EEoA = |2
A Aeteg YERT o] E7](SEE 3.14cm) [22] E &
Q1% (SEE 4.11 cm) [35.36] Q17 Heke] AofA] Bapwm
AAY) doj(CL)Eths §4 #9 4ol7t ¥ % A5
A7 E 4 QUoke 2ot dxge v Eel=(31] %
T Ao A= SEE 2cm n|vto 2 Busion] gf[34]2
SEE 5.37 cm, 5% %1% [26]% SEE 7.40 cm, £E2E7Z[28]
& SEE 6.59 cm, 2¥21[32] SEE 5.56cm ¥ A% 3
= [33] SEE 476 cmZ QI+ Hdvith & =29 g
=7F et ol A" Q17 Aduie Aake] BdAE=

LA G AT TA T ZoloA BlEE & 9
o, o 8l 7+ A7 ko] wWo Fejet 7)o I
< UATH10,11]. TehA] 2 A4 AARE 3] HEA
< = Aol §3bd mdoju], o 7 Fdel 1
2 2g3}7] o] rh(28,32].

AR NM = G A LM BRI

E

S > o4 |o o

o ol (B)sh BFMAA Y Ao (CLIE FT B34S A
88 v Sea R BN ws) 7] 24 A=A 5

7HEE BHoU, oM e A Bd7E YA ofek
ool A4 2 7 H18%), ARl AR 5
oF(But 83.6M) e dto] mE A o, 2HA| Wt 5ol 7]
Fag LS 7he ol AT 3] 2A R, & A=
ol o83t 7] 245 AT T=AA HE 7
=9l A9 g A ATk HollA €<
o}

2 Aol & 7HA] Aol AT A, Eiol
5672 A olH, 53] o4 BE ;T A BE 27F
2viut 7] w2l o] whE A Jdo] 2
B A AR F2S e s =2 E YA &
Rstef] Aofo] 9l& Ao, FF o] TUT 5o divt
B F7F A7 B3kl A E g4 9] Akl Hast
o 24, ALY Bt Aol 792412 w9ton, g 9l
g 7] art Aol Y= vHE 7ol A3 A
A2 die AAY A 717 obd AR SHAE AR
PR BE, ARG A -F 7] Zolo tiet Aol Fad A
°|tH(3,37].

2 AFE AN BRwWAE o] 8 Hx9 7]
74 NS ANt o, 1 W7L diE g
A A AZUERE obd AT Wejsty Aol £
3 262 & e 7I2ARIE E Ao R AREY. 5

=g o] Aol (B)et EFMAA ] dol(CL)E &
g 7] 4 WRAE AT W 7] 24 ARt S
& UeErgleh. whebA Em oS ol 83 3=l g
g IAYAAL e 2ok EAd9] B$+ Stature=
1218.964+5.110 X B —0.634 XCL, 14 9] H$E Stat-
ure=1367.617+2.232X B —0.202X CL. &Fol& thafgt
Aot A9 2 it 2 A9}, CT-3D 270
ARE ol8%t SN Jdol ¥AEHH(32.33], Bt A
datar Bl 244 gyo] 7hed Aol

N

N oo iz d

T so

e of B

ol
e
Y

=

REFERENCES

1. Cunha E, Cattaneo C. Forensic pathology and forensic an-
thropology: the state of art. In: Schmitt A, Cunha E, Pinheiro J,
editors. Forensic Anthropology and Medicine. Totowa, New
Jersey: Humana Press; 2006. p. 39-53.

2. Cordeiro C, Muiloz-Barts JI. Predicting adult stature from
metatarsal length in a Portuguese population. Forensic Sci Int.
2009;193:131.e1-4.

3. Raxtor MH, Auerbach BM, Ruff CB. Revision of the Fully



9.

10

11.

12.

14.

15.

16.

17.

18.

19.

20.

technique for estimating statures. Am J Phys Anthropol. 2006;
130:374-84.

.Raxtor MH, Ruff CB, Auerbach BM. Technical note: revised

fully stature estimation technique. Am J Phys Anthropol. 2007;
133:817-8.

. Ozaslan A, Iscan MY, Ozaslan I, Tugcu H, Kog S. Estimation

of stature from body parts. Forensic Sci Int. 2003;132:40-5.

. Celbis O, Agritmis H. Estimation of stature and determina-

tion of sex from radial and ulnar bone lengths in a Turkish
corpse sample. Forensic Sci Int. 2006;158:135-9.

.De Mendonca MC. Estimation of height from the length

of long bones in a Portuguese adult population. Am J Phys
Anthropol. 2000;112:39-48.

. Dayal MR, Steyn M, Kuykendall KL. Stature estimation from

bones of South African whites. S Afr J Sci. 2008;104:124-8.
Agnihotri AK, Kachhwaha S, Jowaheer V, Singh AP. Estimat-
ing stature from percutaneous length of tibia and ulna in Indo-
Mauritian population. Forensic Sci Int. 2009;187:109.e1-3.

. Chibba K, Bidmos MA. Using tibia fragments from South Afri-

cans of European descent to estimate maximum tibia length
and stature. Forensic Sci Int. 2007;169:145-51.

Bidmos MA. Estimation of stature using fragmentary femora
in indigenous South Africans. Int J Legal Med. 2008;122:293-
9.

Meadows L, Jantz RL. Estimation of stature from metacarpal
length. J Forensic Sci. 1992;37:147-54.

. Zaher JF, El-Ameen NFM, Seedhom AE. Stature estimation

using anthropometric measurements from computed tomogra-
phy of metacarpal bones among Egyptian population. Egypt J
Forensic Sci. 2011;1:103-8.

Bidmos MA. Metatarsals in the estimation of stature in South
Africans. J Forensic Leg Med. 2008;15:505-9.

Cordeiro C, Muios-Barus JI, Wasterlain S, Cunha E, Vieira
DN. Predicting adult stature from metatarsal length in a Portu-
guese population. Forensic Sci Int. 2009;193:e1-4.

Giurazza F, Del Vescovo R, Schena E, Cazzato RL, D’ Agostino
F, Grasso RF, et al. Stature estimation from scapular measure-
ments by CT scan evaluation in an Italian population. Leg
Med. 2013;15:202-8.

Jason DR, Taylor K. Estimation of stature from the length
of the cervical, thoracic and lumbar segments of the spine in
American whites and blacks. J Forensic Sci. 1995;40:59-62.
Pelin I, Duyar EM, Kayahan R, Zagyapan AM, Agukdere A,
Erar B. Body height estimation based on dimensions of sacral
and coccygeal vertebrae. J Forensic Sci. 2005;50:294-7.
Nagesh KR, Kumar GP. Estimation of stature from vertebral
column length in South Indians. Leg Med. 2006; 8:269-72.
Williams PL. Gray’s Anatomy-the Anatomical Basis of Med-
icine and Surgery. 38th ed. London: ELBS with Churchill
Livingstone; 1995.

21.

22.

23.

24.

25.

26

217.

28

29.

30.

31.

32.

33.

34.

35.

rol
Hl
ro
Jr
)]
=
w
o

g0|18et 7| £ 289

T

Chandrakanth H, Kanchan T, Krishan K. Osteometric analysis
for sexing of modern sternum - an autopsy study from South
India. Leg Med. 2014;16:350-6.

Yonguc GN, Kurtulus A, Bayazit O, Adiguzel E, Unal I, Demir
S, et al. Estimation of stature and sex from sternal lengths: an
autopsy study. Anat Sci Int. 2015;90:89-96.

Garcia-Parra P, Pérez Fernandez A, Djorojevic M, Botella M,
Alemdn I. Sexual dimorphism of human sternum in a contem-
porary Spanish population. Forensic Sci Int. 2014;244:313.
el-9.

Oldrini G, Harter V, Witte Y, Martrille L, Blum A. Age estima-
tion in living adults using 3D volume rendered CT images of
the sternal plastron and lower chest. J Forensic Sci. 2016;61:
127-33.

Chandrakanth H, Kanchan T, Krishan K, Arun M, Pramod
Kumar G. Estimation of age from human sternum: an autopsy
study on a sample from South India. Int J Leg Med. 2012;126:
863-8.

.Tumram N, Parchake S, Bardale R, Dixit P. Estimation of

height from the length of the sternum in an adult Indian popu-
lation. Med Sci Law. 2016;56:46-52.

Chandrakanth H, Kanchan T, Krishan K. Effect of fusion sta-
tus of sternum in stature estimation - a study from South India.
J. Forensic Leg Med. 2015;36:90-5.

. Marinho L, Almeida D, Santos A, Cardoso H. Is the length of

the sternum reliable for estimating adult stature? A pilot study
using fresh sterna and a test of two methods using dry sterna.
Forensic Sci Int. 2012;220:292 ¢1-4.

Verna E, Piercecchi-Marti M, Chaumoitre K, Bartoli C,
Leonetti G, Adalian P. Discrete traits of the sternum and ribs:
a useful contribution to identification in forensic anthropolo-
gy and medicine. J Forensic Sci. 2013;58:571-7.

Dwight T. The sternum as an index of sex, age and height. J
Anat. 1881;15:327-30.

Saraf A, Kanchan T, Krishan K, Ateriya N, Setia P. Estimation
of stature from sternum-exploring the quadratic models. J
Forensic Leg Med. 2018;58:9-13.

Macaluso PJ Jr, Lucena J. Stature estimation from radio-
graphic sternum length in a contemporary Spanish population.
Int J Legal Med. 2014;128:845-51.

Zhang K, Luo YZ, Fan F, Zheng JQ, Yang M, Li T, et al. Sta-
ture estimation from sternum length using computed tomogra-
phy-volume rendering technique images of western Chinese.
J Forensic Leg Med. 2015;35:40-4.

Jeamamornrat V, Monum T, Keereewan W, Mahakkanukrauh
P. Stature estimation using the sternum in a Thai population.
Anat Cell Biol. 2022;55:170-8.

Menezes R, Kanchan T, Kumar G, Jagadish Rao PP, Lobo
SW, Uysal S, et al. Stature estimation from the length of the
sternum in South Indian males: a preliminary study. J Forensic



36.

37.

38.

39.

40.

Leg Med. 2009;16:441-3.
Menezes R, Nagesh K, Monteiro F, Kumar GP, Kanchan T,
Uysal S, et al. Estimation of stature from the length of the ster-

puted tomography after the analysis of three-dimensional
characteristics of femur bone in Korean cadavers. Int J Legal
Med. 2017;131:1355-62.

num in South Indian females. J Forensic Leg Med. 2011;18: 41. Choi B, Chae Y, Chung I, Kang H. Correlation between the
242-5. postmortem stature and the dried limb-bone lengths of Korean
Jeong Y, Woo EJ. Estimation of stature in archaeological adult males. Yonsei Med J. 1997;38:79-85.

human skeletal remains. J Korean Field Archaeology. 2019; 42. Ashley GT. The relationship between the pattern of ossifica-
35:129-54. Korean. tion and the definitive shape of the mesosternum in man. J
Kim KW, Kim SL, Ko HS, Oh W], Kim DH, Kim DY, et al. Anat. 1956;90:87¢105.

A study for the correlation between the body height and the 43.Drake RL, Vogl AW, Mitchell AWM. Gray’s anatomy for
maximum femoral length in the normal adult Korean. J Kor students, Fourth ed. Elsevier. 2019; Chapter 3: 149.

Orthop Assoc. 1986;21:197-201. Korean. 44.Koo TK, Li MY. A guideline of selecting and reporting intra-
Lim HH, Kim JW, Hong DW, Lee HK, Choi DL, Kim DH, class correlation coefficients for reliability research. J Chiropr
et al. A study of individual identification by roentgenographic Med. 2016;15:155-63.

characteristics of long bones in human. J Korean Soc Radiol. 45. Weaver AA, Schoell SL, Nguyen CM, Lynch SK, Stitzel JD.

1993;29:820-5. Korean.
Lee S, Gong H, Hyun J, Koo H, Lee H, Chung N, et al. Esti-
mation of stature from femur length measured using com-

Morphometric analysis of variation in the sternum with sex
and age. ] Morphol 2014;275:1284-99.

2158 ;7] 24 AWARS L Helst AToN FaT adoln], B3] 71 Wt A&EAY nste A4S o) W)
A E7} Basitt, Babwle sleta 9% SAA SAo] 79 Helst Agskle] 483 4 gtk Teht GRS o)
Aoz BAWE ol 88 7] 34 A7 R vt gick weby 2 ATolAE T AlAlo] A Bahwizolo} 7o) A
S B, o8 Fom §) 140) 7] 34 WAL ANSIA sieieh. ) ojzieist 2 A, gl
seisto] 7158 ) A9l A4l S6T(AE 38T, i3t 187, HEAH 792+ 1034)E SR St Ashley

Hof w2t 2 mLFo] Ao (Length of Manubrium, M), 578#Z-82] o] (Length of Body, B), 578514 2] Zo]
(Combined Length of Sternum, CL)E 243929, 7|= HIZ =& A4 e 7 $&5E HHER] 2714 =

A3k}, SPSS 25.0% ©] 8310 7|&FAE AAIste] =

b

5o) 2737 HES SYRL (WHOE AU vty

o, goj& A e AN 7 B2 AREAE o183t deAd AR | te AR S Adskit B
oF CL2 E 3 AA F2oA 7|9} fof3t o) FHBAE EHom (p<0.05), M2 73514 ottt B= 7M=&

< BBAE BYLH (4 R=0.748, 94 R=0.573, JA R=0.719), A M= 7P ¥

FZ9A(SEE)

= Uetdo] Agt=r) 7Y =39 AR A A BT A B4 Be CLE A AHSE o BE=rt 5
7Veteitt. 2 Ate =elE Ao R B dolE o83t H29| 7] 24 JAUA A At E3] B T
oA 7] F3Y 7Y 583 AEYS eIttt d=9le] 1538t I AR AL BS CLE dste] AHeS o 7] &
A A=t S48 UErith eks ERmAo)E o] 83t =Q1o] 143t J| AL o2t Atk G Ao
Stature =1218.964+5.110 X B—0.634 x CL, ¢4 9] AL Stature=1367.617+2.232XB—0202xCL. & Q7 Az}
= YA ALl A A7 Aol /-85 E&E 5 e 7I12AETE AL E AlREH

Sot=7| - 7] 4, 2w, 3704, Aldeel,

ot

=<



