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Tab. 1 Cross-sectional areas of femoral 80%

e Bt 7 80%4b BT I (mm?) Jen AOUBRITTEITEAR  Z A DRI T TR
A JEM i 72 5 (mm?) X 2253 (%)
1 366.89 305.14 61.75 9.1880
2 590.31 580.03 10.28 0.8789
3 486.71 533.13 -46.42 4.5517
4 637.89 578.74 59.15 4.8626
5 594.59 531.72 62.87 5.5825
6 634.09 602.77 31.32 2.5330
7 401.73 390.38 1135 1.4331
8 522.03 532.68 -10.65 1.0097
9 581.87 549.29 32.58 2.8803
10 537.57 537.16 0.41 0.0386
11 564.15 554.18 9.97 0.8918
12 531.30 476.72 54.58 5.4140
13 431.73 412.52 19.21 22751
14 471.71 476.81 0.90 0.0945
15 479.44 461.81 17.63 1.8723
16 430.64 442.06 -11.42 1.3095
17 355.15 369.77 -14.62 2.0177
18 452.02 501.53 -49.51 5.1915
19 380.02 373.62 6.40 0.8487
20 596.63 553.30 43.33 3.7688

i, t=0.1309, df=19, P=0.061(>0.05); A7 {ll 1fi A 35 {E 502.62mm’*, 5 K Al 45 /M i ) 42
S Y0 P S 355.15~637.89mm’; e ) TR AR 488.17mm’,  f5: K R A g /N {1 1R AR S V0 2
305.14~602.77mm’;  ZEATMITHIAR A SC R ECN 0.932( % 2) « [ 3 BoR Ko AMA (15 41)
A B 80% R T T AR T2, A D EANAR (5491 ) B A AR A0, 3
Yo 72 SR AR R Ay e 2 A I 1 80% Ak BT T Th RRURY K T 2500, RIS ol R i) A %o
PR 1L 3 W2 KT (P>0.05)

FXS ZE S GE T o W R s s M 22 S IS (B A 2.8321%,  AHX 22 S de K AR R g/
1B A% S 90 2 0.0386%~9.1880%, t=5.399, df = 19, P=0.000(<0.05), /& Ai /5 80% #
U T T AR AL X 25 Sk B T BBV AKCE (26 3) o BT 80% A UK T A A 0 i AR Fry e o) 22 S
B, AN 22 5 2, AUl T- U B R 80% A3k M T TR AR (4 4 A I EL A S RO R R
AR 7] A0S TR 5 A7 T8 3 4 25 MK
327%&. ANRBEYHFEKE 80% T E LR JLAFAN &

IINTEE BN, A SCHEST I 20 4] AN 4R 22 A7 JBE 2 100 1 i 2B ) 2 K 80% Ak
) T T L AR T 2 1R 22 S W 0L S5 3 (P<0.001) , 1Rk 0 56 15 BT 1 R R B A W Sk 1) AR %

%2 % ANRRE 80% MITE mARMSIT ST

Tab.2 Statistical analysis of left and right femoral 80% cross-sectional areas

H{f (mm?) FEAHL I RAB R/ ME 78 595 ] (mm?®) R t df Sig(2-tailed)

e 488.17 20 305.14~602.77
0932 1988 19 0.061

A 502.62 20 355.15~637.89

TE: R AMKRL df A A Sig A WAk
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L2 (MR BEAITL ) 180°, JREEHFHERBHUE (M JE Wit Ak N, AN IR, drk
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kN, bR ai s 1 RS o AN A AR LA R (6 BE AR B W i, THIAR I S,
AN [a] (P BB, iU 10 Bk 2 [ (R e F R, i L R 1) P s AN & s
BUASHA AR, Rk PRI R 2 (R JE A B AR, SRR LGS . A T AR 471
(BT Bl 56 BR TR W B iRy, TR Sl N, A /M2 IRDF i 2 W S s/, R0
B Z IR FRN, I KL B (1 PSS MRS NS TR A B K, b s AU I 8 R
ZIE IS B BN, AN EAR LA BRI . Bele. IWBSEUR ERE, A 4w 2
K5 80% Kb (VIR WTTHI 6 R IRAH XS 0 1L, AT DUAE T S . MAEAR S A DR, AR
oA LI AR, DLt 1 22 Bobr A I B B 80% R T I 6 BRI AR BEE, TRAS S AN G

1 23 4 56 7 8 9 1011121314 1§ 16 17 18 19 20

&3 & AMNRE 80% #iTH ERENZEN RIS
Tab. 3 Statistical analysis of relative difference of left and right femoral 80% cross-section outlines
BE %) FEAYC EROEAEMER IR (%) brfE t dft  Sig(2-tailed)
[ | R-L | /(R+L)]*100 2.8321% 20 1.7343~3.9300% 2.3457 5.399 19 0.000
e Re Al L A

& 4 IRE 80% U HE M AR NFRIERI LTS P I3 Z 547

Tab. 4 Geometric shape Procrustes ANOVA of femoral 80% cross-sectional bilateral asymmetry

SS MS df F P

RN 0.43537902 0.0001487967 2926 6.28 <0.0001

i) 0.00065549 0.0000042564 154 0.18 1.0000

AN A 53] 0.06934803 0.0000237006 2926 442.44 <0.0001
W R 0.00032998 0.0000000536 6160

VE: SS: “F-J5 1, Sums of squares across landmarks and coordinates; MS: 377, Mean sums of squares 375 (SS/df)
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4% ARE 80% MITEHRENFIIRIK ( MR ESFHER: REE, ZNRBFHRK: K&
&, o RB=HEPEFER; b 1115 ¢ 1:5)
Fig. 4 Left and right cross sectional mean shape of femoral 80% (mean shape of right femur: dark blue,
mean shape of left femur: light blue; a: 3-D virtual digital model of femur, b: 1:1, c: 1:5)
A JBEEREr; P B AN M: BRI Le B AMIl A: anterior; Pr posterior; M: medial; L: lateral
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Fig. 5 Tps analysis of femoral 80% cross-section
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Bilateral Asymmetry in Human Femoral Cross-sectional Surface Areas and
Shapes: Morphometric Analysis Using 3D Laser Scanning

WEI Pian-pian"?, XING Song'

1. Key Laboratory of Vertebrate Evolution and Human Origins, Institute of Vertebrate Paleontology and Paleoanthropology,
Chinese Academy of Sciences, Beijing 100044, 2. University of Chinese Academy of Sciences, Beijing 100049

Abstract: Paleoanthropologists have been paying more attention to human femoral cross-
sectional surface areas, shapes and bilateral asymmetry because of the application of this
informations to human evolution, population differences, and survival movements. Traditional
analyses of femoral cross-sections usually adopt methods of destructive cutting, or labor-
intensive model making. In this study, using 3D laser scanning, we nondestructively and
conveniently get the outer contour of 20 paired femoral 3-D data from a modern Chinese
population. With the software of CAD and method of geometric morphometrics, we examine
bilateral asymmetry between the left and right femoral cross-sectional area and shape. The
results indicate that bilateral asymmetry in femoral size and shape exists. Cross-sectional areas of
paired femora have no significant differences in absolute values, but have significant differences
in relative ones. Paired femora show flutuating asymmetry, rather than directional asymmetry.
Moreover, significant differences on paired femoral cross-sectional shapes show fluctuating
asymmetry. Directional asymmetry exists on paired femoral cross-sectional shapes, but it is not
statistically significant. Average cross-sectional shapes and areas seem to indicate that human
femora have a slight left-lateral dominance. Although the samples in this study are limited, and
the conclusion need more specimens for further verification, our results show that using 3D laser
scanning techniques, we can get data of femoral cross-sectional outer contour, and the methods
of morphometric analysis does reveal some important information that traditional methods can
not determine. This paper establishes a new method to examine bone asymmetry, and can be used

for additional studies in human evolution.

Keywords: Modern human; Femoral cross-section; Bilateral asymmetry; 3D laser
scanning; Geometric morphometrics



