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Table 1. Sex and age distribution of the sample in this study

Age categories
Sex Total

20~35yrs  36~50yrs  51yrs orolder
Males 21 40 11 72
Females 18 29 15 62
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Table 2. Femoral measurements and indices

HOl2|W S8 7I=HHe| 3718 o|3st Wadsty S 41

Region Dimensions Index Description
* Antero-posterior diameter . Antero-posterior diam. X 100
h Pl
Subtrochanter » Medio-lateral diameter atymeric Medio-lateral diameter
.  Antero-posterior diameter . . Antero-posterior diam. X 100
Midshaft Pilast
1asha * Medio-lateral diameter rasteric Medio-lateral diameter
Table 3. Femoral measurements (mm)
Sex
Total
Region Side Males Females
N Mean N Mean N Mean
AP Right 69 24.9% 56 21.2% 125 23.2
Left 72 25.3% 56 21.4% 128 23.5
Subtrochanter
M-L Right 69 31.5% 57 28.8* 126 30.3
Left 72 31.6* 56 29.0* 128 304
AP Right 64 28.3* 49 23.3*% 113 26.1
Left 68 28.2% 49 23.3*% 117 26.2
Midshaft
M-L Right 62 26.9% 50 25.2% 112 26.2
Left 68 26.8% 51 25.1* 119 26.0
* significantly different at P<0.01
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Table 4. Femoral indices, dimorphic index and sex-age effect

Male Female Sex-Age Effect (P-value)
Index Side Dimorphic I.
N Mean N Mean Age Sex Interaction
Platymeri R 68 78.9 55 73.2 1.08 0.8563 <0.001 0.9885
atymerie L 71 80.2 54 733 1.09 0.6768 <0.001 0.6045
. . R 62 105.2 49 92.5 1.14 0.8722 <0.001 0.6512
Pilasteric
L 68 105.9 49 92.9 1.14 0.5319 <0.001 0.8950
Dimorphic index: the ratio of male mean/female mean
Table 5. Comparison with other skeletal studies (Based on the right side)
Platymeric Pilasteric
Population [reference] Period
Male Female Male Female
Anglo-Saxon Great Chesterford (UK) [9] 5~7"C 88.4 81.4 106.2 99.1
Muslim Ecija (Spain) [9] 8~11"C 86.0 83.6 113.3 104.5
West-central Illinois (America) [11] 11~13"C 73 73 115 112
Early modern industrialist (America) [ 18] Pre-1900 - - 106 105
Late modern industrialist (America) [18] Post-1900 - - 110 113
Eunpyeong, Seoul in this study 15~18"C 78.9 73.2 105.2 92.5
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o] F2 2 (biceps femoris) 3} A obe] vl 22l (qua-
driceps femoris)ol| 4] 425o0] WY&} o] 72 r}e]w
i Q S} A7rmEE27 B9 olx)Zlo]| vlsko 2 sle| R =
rEdag 27471 Qo] Hekn HeH(19]. ol
o slzsue] gujsh T BAL Ba @ @919 BAE ogeg g sy ot
H7] Ao Auelaty 54 velsls A7 A% BEFC sleowle] AgddA AHs) 1 Y=
Qe wobe) AFAEe o) 2B AW} F wAIPS (18], Webd eRAYD gL ol
o} o] Feke] A7 AT 1AL Wyt A ARAe] T[] AEHAE vlwd e ADE] wE M
W7t 7h- AA 299 %3} 4-4 ‘*@r —?°ﬂ A R Aoz HE 4 sioh F GFA ] 3k
skl W oz 2rHE)y o] A= AL FEALS FAlom Uy Wigo=
cH11]. o]¥3t AFAINE vieto g F7 Aps]e] dub T AE A IR g AEH A ok =
Al AAH B9 aFE T sk AwEA Fo 7L Aol A Rt o) 2 A F2 g
2o g3y &HAe] o] gFe] gt Acke] A W v #AE P eFe AelE wbedshes At 2
Al FAsted, JEASH v A Agke] Jojg] Aol
W EEF7ke] shRdw A5 Rk ulwA Aot g 23 A dueim #AGAeE w5 A5l
(gracile) 3ell 7} o]gAe] ¥2 F3AA A I obalel Aeke] AFHAl Rl & 4 =

Hokelm s 453l vled 7713k (robust) 39 7}
2o g 7HxIcha A E[18]. o 7oA Aok} 7
732 Al ez dubd oz wESEIe] o
F A o7} kT FEA ol Ml v Z AHF AP
=z 7‘494%]";]' o] dyellA] EA = Fte] WES
Z7F A= Table 59 AAIF & x99 FAE7}

O3

o

dapel] &3l e e (18] = 4o e
gl A7} Aol ) o 2] el e34e)
el el wa o Assin & 4 sl ol

7+ A= AL nE M3 dAFE dA3= A
2 o)== ogAle] F . &= AHFA}o] A7 (interacetabular
distance)7} FAlol] Bld] o] = F2A EA uEd U}



Foll shse] 58] AAL AR AW
9 Ag u e ¥3Ee sl F7ks)
= ¥ el7} dEEelel] wlal o RejAet(20).
aheb o] QAFolA ¥AE AFRE AT & W
A Qg FF) 2Eear) o oAk wlel
AR | AR Aoz 4 Ahseheh o Qe
o A% gE B Adeld F28 AFES v
R S BAAS G 11~ 1347] a5
(horticulturalist)ol] 2]&3}o] Alolrl= Ao Al
Agke]l WAAS gt o 2o v 44e Qe
o H5ka} AS] §AHE $5& WATH(Table 5)

AAsh BAANE ol 54 e AANRE As)
AR o e olFa AAE 478
Phe AR sl g 2he) ek m g EE el
¥, FEAER 0] Ahol7h vk o 2 hehdekn
beld eleH2021], ek FAR o= Y 749 el
o] i, Ruff (1987) [20]+= HAete] E-557ke] e
SlA el AR7E SRAA AL b 23 9
sl5e DA} Hw i) 27] Alabe By
e 4A) vlele Seestt Jeldth s o
AFelA BAR LA ek m BEE s,
JEr 18 0)e) HEghe wE W o] FAHes
FIng Aole vehich 53 WMEEET 9¥o]
o W BEgke doe AS 3EE Fold Wy
2] Ahelzk A AR gFelch eu Awtela] veh
= AAFS Ruff (1987) [20]9] 7)ol A-8-3 24,
A Awe] QA7) vz 2 Helme 2AAH % -
37] ex g0 B3 ARES) A3} 27) A4
A ol2x 28 AsdnT 4 sbesie =
o) Ze Are ZAAN F- 37 RA ol5AY
8 e dFe] Nz Dhex] meok A
AR, A 2. B8] ALslelA] o)A o] AL 3
sl 447 WA A GHel A - Ao o
& Faslof s17] woleh[22]. webA Brieim o)
A3 SAelA] ARTE e e 2138 glat
o ek )RR ol ool AlslEEA el o)
dulols] Fol2 A gl 4AS FRHE ALFelA
©oaTeime) eeh sEelae] opel AAz Az
Ygrex] wed AEdon AREE i) 4 48
o wg Feiskn 53 A4l AT ATHE 54 3
$17h EAsPE ALgelAE de] el BE W)
slA el AR oS AR 4 glek el 2sle)

o FA ¥4 A7} gl A5l 5 E 97

Soleil 25 V2ol 2718 0183 MBst SN 43

HlmE od=o] YFE A= Aode vis AR o =ZA
vebgela 245 vh Qe [9]. = Zee]wo] ol
E 25 Y Axs EN3 dPdiE FE¥ Ao
o] Z7ro] »7E 71EA ) AR R Hel= 7|5
o Aol vls] R o Z AAES 1HT(23]. o]t
AT AEIES AR W ohz) Fwhe] A3
34 37 9 Ak Ao sy 2AF} o]
Ak W P BA54EY S el Z ks v
4 v AMlE Bl Fo

e el Mol =, &3 342 Al &
=35 djyEe Rurt 38 PFAE HIa 7] dE
of G wiAdHow B owf ASAAAH 297} F
2 F-AF s AlREel
d Aoz dAEc24). web 2350 23 A
o] A ey} AAdst SEo|ddvty Rzts)
7= oo o9t #AHE QAF F 29 4 2=
g FhS oz YA
TEEARS o] widH
o] AEEo] vlmA
ZAsle] AokE Aoz Al v} glvh[24-26].

o] AFolME I st AN EEF Abghm
AhE Qe z JAoew 2oy 559 JHE 5
3 A A=) AEATH EAS T 24
Al Zehe s fA oA EFEES)7] Wil A
W, A A 7F 224 BESHA] Esla 53] o]
ATelM EAE Q7Asrt A4 &4 S =3t
v & $x gleh wetd dxe] A} o] dTellA
AFAtge]l 4 A wEelA], A zA7}
Ao A WA= Tty ok aejm
o} st B S FHEa ol Ao st
B} dutslsly] $lsiMe AEGshs &4
o gofs W A 2E5S o] 43t
o] o]Foxol & Zow AN = AR
A7} 23 Fcho] AW 5435t A, A}
3123 A QAR 7]d AAAxE At
317] HeiMe et 1 wE, A 15 FEI

seeto} alAe.

‘..

of g
g 2
o
i)
)
L

o i oot
N o Loy
T

i
4>
30
rlr

7

1o v dle 2 f o e T

g
e

1. Ruff CB, Holt B, Trinkaus E. Who’s afraid of the big bad
Wolff: “Wolff’s law” and bone functional adaptation. Am



44

10.

12.

13.

il

oo oFA © "fAo
P28, HUS, M, vy

o

J Phys Anthropol. 2006; 129:484-98.

. Larsen CS. Bioarchaeology: Interpreting Behavior from the

Human Skeleton. Cambridge: Cambridge University Press;
1997.

. Ruff CB, Hayes WC. Cross-sectional geometry of Pecos

Pueblo femora and tibiae-a biomechanical investigation: 1.
Method and general patterns of variation. Am J Phys Anth-
ropol. 1983; 60:359-81.

. Ruff CB, Larsen CS, Hayes WC. Structural changes in the

femur with the transition to agriculture on the Georgia coast.
Am J Phys Anthropol. 1984; 64:125-36.

. Bridges PS. Degenerative joint disease in hunter-gatherers

and agriculturalists from the southeastern United States. Am
J Phys Anthropol. 1991; 85:379-91.

. Ruff CB. Biomechanical analyses of archaeological human

skeletons. In: Katzenberg MA, Saunders SR, editors. Bio-
logical Anthropology of the Human Skeleton. New York:
Wiley; 2000. p. 71-102.

. Fung YC. Biomechanics: Mechanical Properties of Living

Tissues. New York: Springer-Verlag; 1993.

. Vuori I, Heinonen A, Sievanen H, Kannus P, Pasanen M,

Oja P. Effects of unilateral strength training and detraining
on bone mineral density and content in young women. Cal-
cif Tissue Int. 1004; 55:59-67.

. Pomeroy E, Zakrzewski SR. Sexual dimorphism in diaphy-

seal cross-sectional shape in the medieval Muslim popula-
tion of Ecija, Spain, and Anglo-Saxon Great Chesterford,
UK. Int J Osteoarchaeol. 2009; 19:50-65.

Wescott DJ. Effect of mobility on femur midshaft external
shape and robusticity. Am J Phys Anthropol. 2006; 130:201-
13.

. Bridges PS, Blitz JH, Solano MC. Changes on long bone

diaphyseal strength with horticultural intensification in west-
central Illinois. Am J Phys Anthropol. 2000; 112:217-38.
Lovejoy CO, Trinkaus E. Strength and robusticity of the
Neanderthal tibia. Am J Phys Anthropol. 1980; 53:465-70.
Kennedy GE. Bone thickness in Homo erectus. J Hum Evol.
1983; 14:699-708.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Buikstra JE, Ubelaker DH. Standards for Data Collection
from Human Skeletal Remains. Arkansas Archaeological
Survey Research Series No. 44. Fayetteville; 1994.
Moore-Jansen PM, Ousley SD, Jantz RL. Data Collection
Procedures for Forensic Skeletal Material. Report of Inve-
stigations No. 48. Knoxville: University of Tennessee. 1994.
Bass WM. Human Osteology: A Laboratory and Field
Manual. 4th ed. Special publications no. 2 of the Missouri
Archaeological Society. Columbia, MO: Missouri Archaeo-
logical Society; 1995.

Smith RJ. Statistics of sexual size dimorphism. J Hum Evol.
1999; 36:423-59.

Wescott DJ. Population variation in femur subtrochanteric
shape. J Forensic Sci. 2005; 50:286-93.

Morrison JB. The mechanics of the knee joint in relation to
normal walking. J Biomech. 1970; 3:51-61.

Ruff CB. Sexual dimorphism in human lower limb bone
structure: relationship to subsistence strategy and sexual
division of labor. J Hum Evol. 1987; 16:391-416.

Stock J, Pfeiffer S. Long bone robusticity and subsistence
behavior among Late Stone Age foragers of the forest and
fynbos biomes of South Africa. Am J Phys Anthropol. 2004;
31:999-1013.

Brown JK. A note on the division of labor by sex. Am Anth-
ropol. 1970; 72:1073-8.

Al-Oumaoui I, Jiménez-Brobeil S, du Souich P. Markers of
activity patterns in some populations of the Iberian Penin-
sula. Int J Osteoarchaeol. 2004; 14:343-59.

Woo EJ, Jeong Y, Cho GH, Pak S. Burial type and degene-
rative joint disease in the Joseon Dynasty, Korea. Field
Archaeology. 2011; 12:139-62.

Woo EJ, Pak S. The relationship between the two types of
vertebral degenerative joints disease in a Joseon Dynasty
Population, Korea. Int J Osteoarchaeol. 2012; Published
online in Wiley Online Library.

Woo EJ, Pak S. Degenerative joint diseases and enthesopa-
thies in a Joseon Dynasty population from Korea. Homo-J
Com Hum Biol. 2013; 64:104-19.



Hrlz| 2£ JI200ie] 37|2 0|28t ME5HE

Biomechanical Properties of Femoral Diaphyseal Cross-sectional

Shape from the Eunpyeong Population
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'Bioanthropology Laboratory, Department of Anthropology, College of Social Sciences, Seoul National University
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Abstract : Long bone diaphyseal cross-sectional shape as a primary measure of biomechanical loading has
attracted much attention in physical anthropology. Especially, lower limb bones have been widely used to
reconstruct the mobility pattern of the past population.

In this research, the cross-sectional size of the femoral shaft was investigated for the human skeletal remains
excavated from the Eunpyeong site, dating the period spanning from the mid-15" to the early 20" centuries. The
purpose of this research is to examine and report the biomechanical characteristics of the past populations living
during Joseon Dynasty period.

The results showed that Eunpyeong population was grouped into the ‘platymeric category (i.e., platymeric
index below 84.9). Females were more platymeric (i.e., more laterally flattened) than males and the sexual
dimorphism was statistically significant. In addition, the samples of Eunpyeong site showed a relatively lower
pilasteric index (i.e., more round) compared to the populations reported in other studies.

The results of this research provide an insight to shed light on the ecological environments, subsistence
strategies, and life styles of the past populations. Yet, for more detailed interpretation, it appears necessary to take
into account other types of indicators for biomechanical stresses and accumulate more archaeological evidences.

Keywords : Biomechanical properties, Femur, Cross-section, Mechanical stress, Activity level
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