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ABSTRACT

Purpose : To investigate the relationship between 3D bone architectural parameters and direction-related elastic
moduli of cancellous bone of mandibular condyle.

Materials and Methods : Two micro-pigs (Micro-pig", PWG Genetics Korea) were used. Each pig was about 12
months old and weighing around 44 kg. 31 cylindrical bone specimen were obtained from cancellous bone of con-
dyles for 3D analysis and measured by micro-computed tomography. Six parameters were trabecular thickness
(Tb.Th), bone specific surface (BS/BV), percent bone volume (BV/TV), structure model index (SMI), degree of ani-
sotropy (DA) and 3-dimensional fractal dimension (3DFD). Elastic moduli of three orthogonal directions (superior-
inferior (SI), medial-lateral (ML), andterior-posterior (AP) direction) were calculated through finite element analysis.
Results : Elastic modulus of superior-inferior direction was higher than those of other directions. Elastic moduli of
3 orthogonal directions showed different correlation with 3D architectural parameters. Elastic moduli of SI and ML
directions showed significant strong to moderate correlation with BV/TV, SMI and 3DFD.

Conclusion : Elastic modulus of cancellous bone of pig mandibular condyle was highest in the SI direction and it
was supposed that the change into plate-like structure of trabeculae was mainly affected by increase of trabeculae of
S1 and ML directions. (Korean J Oral Maxillofac Radiol 2008; 38 : 81-7)
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Fig. 1. Hlustration of a pig mandible and sectioning planes with
definition of the three orthogonal directions.
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Fig. 2. Schematic overview of the
specimen preparation. The volume
of interest was selected in the cent-
er of rendered image of the cylin-
drical specimen.

B . I

WO S
-~
”

Cubic VOI

135 % 135 % 135 X voxel

& A E A

2 o %old YAlE
Jehie) Fo Aelch 0] AAEAS B 2, 39
e ARY 72 40 TS 7Y F2E
744 & ©lo]aeh 3DFD & ojul§ T2 T BHE (sur-
face complexity) & P = A Z2A] ko] mHe] F3t
£ zA]3t3 Q)= A=ZE Ve ™ box-counting method =
olg5ke] AAL=]olo} Ak DAL H]5uA4 (anisotropy) )
452N B8 LR ML) I BN AR
G e omiAE el F: AZolth Mean
intercept length method#}= vpHo 2 Cﬁ‘?ﬂ BA 846 o
& ulsko| A BEAEl M o)R3E 189 voxelo] U}L+-‘=
921 skl Zzte] AlM A WA
Qs AR UE F A4S AT 2
F2 dozIn.

48209

ZHkA] (isotropic)®] EAle] m 2z
5] Qe 1A 5l %:t%‘—i o] Fo17l A5
ge] #A &4 R o3t 71/‘]1‘.’ Al o] Al T3t
FE8 AR o] o]RoiR . {3t
3chA 2 01—*%047%14

Lg> )
iV

Ir

rid

-+~ Y,
2

g



=X

ofet 22 of

HZ0M

f3tod mdo] HAe] glo] o]x1&E 132l voxel
89 AL 71Xl §HA| 9] 2.4 (8-node brick element) 2

W3 o] 2 wde) FA 9 BAMHo o]L3 5 3lont
32 7|9 voxelE sh}e Q4= FojA M3 W=
o] ALgslT gled 2 dME 7k HE, Fol &
2 = 8719 voxelE 3t QAR Foja] Adle]Ab
o] o]xzlel W3] voxelZ o] FoAl A§ 33| 947
AAs7| 2 sqeh P o] A BEA fiask B

A€ = 5408570328 119,3957F e 229
AAE A3l H3 H4d GE&2 10GPaclg L 2o}

41 (Poisson ratio)x 0.3¢]t}." o] &} 7Z+2 A 9| o}y
A AT Zzadles 48k 754l T MSC.

Nastran (ver. 2005 R2, MSC Software Corporation, Santa Ana,

o i .e.
zes

CA) £ZES o} o83 FHeLBHE AWt B
gge) ALe sHAY =de §% ol INY <l
98 A4 weld Rol2 AAn Adsided 34
2 A4 2L 9€ e 2 de 34dT 3
o el 423 W F 249 WS AR 25 =
o] wohtiele R FLS FA%ES Sk o

A oz ol e BHE Ey (193
3F
( &}= wu}3} ebAl-8- Elastic property of superior-inferior
direction), Eyg (M Z&-¢]& w}3F ebAl-§, Elastic property of
medial-lateral direction)-& &} ).

H]-z. Ho}

e}41 -8 Elastic property of anterior-posterior direction), Eg

==

5. EHEA
A wigkel W BAES) HFE 29 Reol7) EA =
] BB HPE-EFBZAEA (repeated measures of ANO-

VA)E E3) 2819 A, paired T-testE o] 83 A vk 5
APS} SI, APS) ML. SIS} ML 9] whe sy &l %
el zlel7b R ZAFSFE Y. =8 micro-CT 32}
nlA odAd Az} whekel] whE wbAE e Ak A
ol ARASE o) 45 2ABHAT

aL
=

=
=

Fig. 3. The VOI(Left) processed
with optimal threshold was con-
verted into a finite element mesh
(Right). The finite element mesh
was constructed from micro-CT
data.

Table 1. Descriptive statistics and comparison of Elastic moduli
of three directions by paired T-test

Standard
Mean deviation Ranges
n 31
E AP (MPB) 1 6-
(medial-lateral) 272.61 228.14 51.6-1153.0
Evi(MPa) 244.19 160.93 15.7-632.1
(anterior-posterior)
Es1 (MPa) 533.85 260.71 17.2-1103.6

(superior-inferior)

Esp, Eai. Esi: Elastic modulus along the anterior-posterior, medial-lateral,
superior-inferior direction.

Eg is significantly larger than Eap and Eyy by paired T-test (p<0.01).

Ear is not significantly larger than Eyy by paired T-test (p>0.05).

Table 2. Pearson’s correlation coefficients between Elastic moduli
of three directions and various 3D micro architectural parameters.

3D architectural parameters

BV/TV BS/BV Tb.Th SMI DA 3DFD
Eap 0.337 -0.305 0.606  0.130 —0.046  0.060
Evy 0.620%* —0.051 -0.120 —0.505%* —0.221  0.581*
Egq 0.819%*  0.093 -0.197 -0.653** 0.146 —0.765*

¥: Correlation is significant at the 0.01 level (2-tailed).

*: Correlation is significant at the 0.05 level (2-tailed).

Eamt, Eap, Eg : Elastic modulus along the anterior-posterior, medial-lateral,
superior-inferior direction.

BV/TV: percent bone volume, BS/BV: bone specific surface, Tb.Th: trabe-
cular thickness, SMI: structure model index, DA: degree of anisotropy, 3DFD:
3 dimensional fractal dimension.
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