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Study of bony trabecular characteristics using bone morphometry and micro-CT

Young-Han Song, Wan Lee, Chang-Jin Lee, Jung-Hyun Ji, Byung-Do Lee
Deparmment of Oral & Maxillofacial Radiology, School of Dentistry, Wonkwang University

ABSTRACT

Purpose : The research was done to investigate the effectiveness of 2D bony morphometry and microstructure of
micro-computed tomography (micro-CT) on the osteoporotic bony change. We performed the bone morphometric
analysis of proximal femur in ovariectomized rabbits with BMD and micro-CT examination.

Materials and Methods : Twenty-one female (Newzealand, about 16 weeks old, 2.9-3.4 kg) rabbits were used.
Three rabbits were sacrificed on the day when experiment began (Baseline). The remaining 18 rabbits were divided
into two groups. One group was ovariectomized bilaterally (OVX) and the other animals were subjected to sham
operation (Sham). Bone specimens were obtained from the right and left femur of sacrificed rabbits. At intervals of
1, 2,3, 5, 6 months respectively, BMD tests were performed on the proximal femur by using PIXImus 2 (GE Lunar
Co. USA), 2-dimensional bone morphometric analysis by custome computer program and 2D / 3D bone structure
analysis by micro-CT (Skyscan1072, Antwerpen, Belgium). Statistical analysis was carried out for the correlation

between bone morphometry , micro-CT and BMD

Result : BV/TV, Tb.Th, Tb.N of micro-CT parameters showed higher values in sham group than OVX group.
N.Nd/Ar.RI, N.NdNd, N.NdTm, N. TmTm, PmB/Ar.RI, 3-D BoxSlope of 2D morphometric parameters showed
higher values in Sham group than OVX group.The micro-CT parameters of Tb.Sp, Tb.N were statistically
significant correlated with BMD respectively. Several 2D morphometric parameters were statistically significant

correlated with BMD respectively.

Conclusion : Several parameters of 2D bony morphometry and micro-CT showed effective aspects on the
osteoporotic bony change. (Korean J Oral Maxillofac Radiol 2007; 37 : 27-33)
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HEHEAH I} micro-CTE 0|88 ZAF E4M0]| thet o7

o2 Agshs Wi Ee] Bish Has 1 glon®tt )
A GAE WARAARAAY F4FY FeldhE] BEAEL
Aoz A3 el deMxs 9 223 A7
7 APH Qe o)’ WY F B3] Structuring ele-
mentE 7|Hko 2 & BAWe )% 2422 thinning pro-
cessE o]-83le] ZA3}E A (skeletonized image) 0.2
33 node-strut ¥4-& Al o 1 A 2EE A}
sle] Hlashe 75" FEuy 9)u}. Koyama $°&
FTUEE V|RARR o|4dlu T2 2305} 33
T2F AT 23 23944 243 gy BHubye
AEE &y fEsla v)AsEe welsln Bw
& n} gl

ol whe} 7|E2 F=E Hl Wb U= S
v Ee] 23441, 3340 A FF 2 BAY Fo] F7z WEE
adH oz vepeRd Hg d77 B o] & Ao
2 AR ek 2344 vhAbA oJAHE o] 43 BT
Hell el Fd= HAAMF micro-CTE o] &%
A AARAE Rl inviroo Mt ATH o= A}
45+ micro-CT] A& 14 £ Q& Aoz iy
w. =3 Zk BAPHe] A 2B H4A4 A d3=
g g3te]ets A zhsid

¥ drdMe FaHEES Adsle AdgHes 29
= 3 F2F H3NF =78 Aoz, 3= 233
micro-CT&#3 & A33}1, o] 23074 e B4
(bone morphometry)#} W] FA3te] 7} BAW7e A%
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FAA= 3ol gE7| (2lvle, AE 16374, A
29-3.4k9)E A7l AElT (AL A AEsi

A A¥E APt H3F B3l IHTEe B3
3517 98t A A ZE<% (bilaterally ovariectomized.
OVX)& Ag AztdAe] A3 dE71EE oz 3
IR AAFE Z Y, 204, 304, 50, oY T3
Alate} A B APAA FH9 HEFHFE A& IU=
9} 224 A 3A4] FrE GAE HASIET AdE
(OVXZ)2 WA daA A o/fdo]l A3 AMAES o
Aoz 3. AgFHe] v|wE 9]5te] Baselinew-& A
3 A)zb ghA) e, Sham opertion2 A3t o) 2 (Sham)
£ APAE oMY F 7 3AAR YA FT AP FEY
A% ¥3l= Table 13 7).

2. micro-CT &<

A =7 HEZFe] Ward’s triangle ¥-2]2 micro-CT
(Skyscan1072, SKYSCAN, Antwerpen, Belgium)® #<3J38}
At #9d WYL 80kVp, A FE 100uA, 1 mm &7
vy oI} (filtration)E o] £-3) 37, FJ A7+ 3400 mse] ]
o, 23759 g2 34 =] (pixel size)= 11.51 um
Sk Adde] RAE acrylic tapg o] 3] FA LA
(volume of interest, VOD& AA3Gon, 7 =7 3x3
x 5mm’o| et WAL AN TaZFe) FH}E B
3171 98] <=7k (threshold value)S 15002 TA 3G S
w 32H A4S A FA s (Fig. 1).

3. micro-CT X[ &

micro-CTZ el HAAldd JAS=3E Skyscan™

Table 1. Average body weight of rabbits according to the time
interval

Baseline 1 month 3 month 5 month 6 month Sham

Body weight
at sacrifice  3.15 3.03 4.63 44 4.1 4.7
kg)

Fig. 1. An example of three di-
mensional reconstructed image (a)
and cross-sectional image (b) of
femur Ward’s triangle of rabbit by
micro-CT.

928 —



CT-analyzer software7} Ap&=lo] & vl FT2AEEe] B
A=} o] 8 BAME R #EE-L2 BV/TV (percent bone vol-
ume, indicating the amount of trabecular bone present), BS/
BV (bone specific surface, basic parameter in characterizing
the complexity of structures), Tb.Th (trabecular thickness),
Tb.Sp (trabecular separation), Tb.N (trabecular number) 5-o]
siek (Fig. 2).

4. 0[R2 = HEHEA (bone morphomety)

ol

micro-CTZ scoutB3 % ©HE Amr= o] &3ty ) (Fig.
3). dul vlapAd /\]'7517‘]'3:;3— o] &3}#] 9k o]-f- micro-

=
CT2) scoutstdel] ws] AHg Ae] AFHA Z3ha1, o
I ARA #eA] oprld 4 9l #Hodzel o3 &
Fxo Babgy dgolodch 299 B AFE =2
& 0|83} scouteb®AFe] Ward's triangle -2 4]
19 (region of interest) 0.2 XA s} om, o] FAlede] B

s ARE xzade gd A5doz AN blur
ing) o)} ¢] Gaussian filter®] sigmazt-& 354 == AA 3}

o} Al2m)35 9ju|= 1,089 (33 x33)70¢] 3k (pixel)F
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o
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7} gray level k& #sh= 34 FA o= TON e
A5t ofulolet. o] mzage) stel o) Aol =
Az Qee) N BF A BAsE B R o
538 A3 2A%E A So A4H oz AEIH Y
gt o|x 3w A +Zﬂ§} Abo 2 BE] Ar.B/Ar.RI
(bone surface in ROID), N.Tm/Ar.RI (number of termini in
ROI), N.Nd/Ar.RI (number of node in ROI), N.NdNd (number
of node-node), N.NdTm (number of node-termini), N.TmTm

oW A o

(number of termini-termini), PmB/Ar.RI (perimeter in ROI),
TSL/Ar.RI (total strut length in ROI), Tt.Le.NdNd/Ar.RI (total
length of node-node in ROI), Tt.Le.TmTm/Ar.RI (total length
of termini-termini in ROI), Tt.Le.NdNd/TSL (total length of
node-node/total strut length), Tt.Le. TmTm/TSL (total length
of termini-termini/total strut length), 3D BoxSlope (fractal
13709 47z A=
Ahg-3fedet.

dimension) % £ (bone morpho-

metric parameters) & A/ E 2

PIXImus 2 (GE Lunar Co. USA)E o] &3l =7| HEF

Fig. 2. A diagram of Tb.Th and
Tb.Sp, an examples of micro-CT
parameters.

Fig. 3. micro-CT scout image (a)
of rabbit femur and conventional
radiograph (b). micro-CT scout
image gives the better image.
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Table 4. The average value of bone mineral density according to

Aoz Zuw the group
Group BMD
Baseline 0.20
ovX 1.86
Sham 2.26

AZE Aol whE U, 23] X< U micro-CT #|
BB d9HAE SPSS for Windows (version 12.0,
SPSS Inc., Chicago, USA)g ©]&3}led BEA 3¢}

4

1. micro-CT X| &

Baseline# 3 OVXH, Sham+E%& ¥®|&A] BV/TV,
Tb.Th, Tb.N -%-Oﬂ/\i Sham<-°] OVX%};‘!}#— %}‘.ol xo 7:]
g B9l ow, Th.SpL ShamFo] OVXZHth Zhe] whe

7435 R3lT}(Table 2).

Table 2. The average value of micro-CT parameters according to
the group

Name Tb.Th Tb.Sp BS/BV  BV/TV  Tb.N
Baseline 0.13 0.19 21.26 32.06 3.16
ovX 0.157 0.20 18.96 34.44 2.80
Sham 0.16 0.15 18.35 40.24 3.11

Baseline (sacrificed at the beginning of experiment), OVX (OVX was
done at the beginning of experiment and rabbits were sacrificed at 6
month after), Sham (sham operation was done at the beginning of
experiment and rabbits were sacrificed at 6 months after)

2. O|XI2 = HEfX|=E

N.Nd/Ar.RI, N.NdNd, N.NdTm, N.TmTm, PmB/Ar.RI, 3-D
BoxSlope 5-2] F3e] A&E= Shamd-o] 671¥9 OVXZEH
o Zkol ¥ A'E Bk (Table 3).

Table 3. The average values of 2-D bone morphomeric para-
meters according to the group

Table 5. Correlation between micro-CT parameters and bone
mineral density

micro-CT parameters BMD
Tb.Th 0.33
TB.Sp 0.35%
BS/BV -0.21
BV/TV -0.10
Tb.N —0.46%*

* : Correlation is significant at the 0.05 level (p<0.05)
** : Correlation is significant at the 0.01 level (p<0.01)

Table 6. Correlation between 2D morphometric parameter and
bone mineral density

Morphometric parameter BMD
Ar.B/Ar.RI -0.07
N.Tm/Ar.RI 0.52%*
N.Nd/Ar.RI 0.47%*
N.NdNd 0.51%*
N.NdTm 0.46**
N.TmTm 0.48**
PmB/Ar.RI 027
TSL/Ar.RI 0.47**
Tt.Le.NdNd/Ar.RI 0.45%*
Tt.Le.TmTm/Ar.RI —0.01
Tt.Le.NdNd/TSL —0.31
Tt.Le.TmTm/TSL -0.11
3-D BoxSlope -0.67

** : Correlation is significant at the 0.01 level (p< 0.01)

Table 7. Correlation efficients between micro-CT parameters and
2D morphometric parameters

Morphometric parameters vs

Parameter Baseline ovX Sham micro-CT parameters Correlation efficient
Ar.B/Ar.RI 0.19 0.20 0.18 Ar.B/Ar.RI-BV/TV —0.32
N.Tm/Ar.RI 177.41 224.25 157.94 N.NdNd-Tb.N —-0.21
N.Nd/Ar.RI 108.74 / 66.23 144.11 N.NdTm-Tb.N 0.25
N.NdNd 4.23 2.25 5.00 N.TmTm-Tb.N —-0.04 -
N.NdTm 9.13 6.50 8.60 3D BoxSlope-BS/BV 0.15
N.TmTm 0.63 0.65 1.07
PmB/Ar.RI 18467.96 16265.94 20067.94
TSL/Ar.RI 160.82 173.87 156.80 -

Tt.Le.NdNd/Ar.RI 76.10 104.21 78.13 3. 22k

Tt.Le TmTm/Ar.R1 4.29 1.76 0.37 . -
Tt.Le.NdNd/TSL 0.47 0.60 0.50 1) Shamze] FLEA7F OVXZe] F=XRS ws)
Tt.Le.TmTm/TSL 0.027 0.01 0.002 ow OVXE9 FY=X+ Baseline?®] FUEAR
3-D BoxSlope 2.16 2.11 2.15 ©} =<2t} (Table 4).




2) micro-CT X|ZZ Tb.Sp, Tb.N &
oF —,1—«] st AHHA 2 2.9k (Table 5).

3)olakd F HElA=Z N.Tm/Ar.RI, N.Nd/Ar. RI,
N.NdNd, N.NdTm, N. TmTm, TSL/Ar.RI, Tt.Le.NdNd
/ArRI 5o Fd=el EAstH o2 {93 AT
£ R Yt} (Table 6).

4) o]xk4d Fye] A&} micro-CT A=
AIBAZ Holx| sk} (Table 7).

Fol TR} £A A

Bl w1

WA AR FEe WA 3 IyEe mdz 3w
S AFEE T QT T ol G Al 3o $E=
TS A AT AR Hel w] wjEo)n
i AAR AAY AT AEHET HF S 3Uss) 9
ZraiA Wl Boky oS3 g da Aaes A
& FES AYA WAE ol &= Ade] glglont, &
A2 AuAFEA WA NEF 5 777} 2o} B3
22117 Q) e B4 AdelR] kot

Pl e 2718
o] 4stgieh. B71% WR7Izbe] B3, FaA Lol AHe
2 were gohgzel ey Ao e gk
VAN T FAEE TREE ol 2ok 5
5

&3 9 eleln RyHy g;guq o) o] go|stm
Al Aeb] Wl e AF diade] ek XA
AV ETE YT U4 wd Ghe oled 24
" Zofl = structuring element3 o) 43 b 1197 pode-

strut analysis So] B33 B} )} node-strut A up-2
thinning process& E8}o] o7} strut 3 A m5s 2
At BAE )= uby o]tk node-strut 24 =2 -7
o2 oot AwgE AET 4 dok 2 Aol
+ micro-CT £4 %8} dAFo] glvbm by 13779 =l
£¢ o g3)3eh

ARFEANM dag Aee] A cr F7xE o
3}A)7] 2 AlgeA] N.Nd/Ar.RI, N.NdNd, N.NdTm, N.
TmTm, PmB/Ar.RI, 3-D BoxSlope 5 w2 3] BAA
R 50| FAAALZET ShamZola] =2 432 vy
o] A= o7 AmEo] FHE «&she A=A
9] 7sAlE Bl Aoletz Aztsig

Koyama 5% 23491 2 Helx|ms} TUmzbe] dda
Aol ws] QF3te] NATm/TV, N.Tm/TV, N.NdTm,

NdNJ/TSL, NdTm/TSL, TSL/TV %-0] FU =& 2 ulods}
+ 24y d%en, 53] N.NdTm, NdTm/TSL, NdTm/
T.Ar 5o} 23 A=} stodvh 2 Q7oA N Tm/ArRI,
N.Nd/Ar.RI, N.NdNd, N.NdTm, N. TmTm, TSL /Ar.RI,
TtLe.NdN&/ArRI 59 Z e|z|x50) TUxx 9} E7
Aoz FoFt JAFAE Be] A FHIE Q2T
T e 7FeAdE AA R A gk

Tanaka 522 JAA4] A -1_} vl
A S o83
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= ¥ (bone fragments)?) 7tz M 5 vty 34
om B dFoME 6719 FAA AL N.TmTme)
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Siu 572 AT das o AP A6
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Zoj= Baseline®} H|IA] 23 A=z F4EHo] FiA
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a1 sk Fujikawa 5772 FaA] Aol 8]3)] calcium}
vitamin K #3 ZEofZ]A] bone surface area, Tb.Th, Tb.N
ol Z71Feha sk9et. Tanaka 52 micro-CTo]4-A]
parallel plate model'*e]] 2]3}] BV/TV, Tb.Th, Tb.Sp, Tb,N 5
& 97 W AMESE Zlol Hukti s,

B AT micro-CTE o]-£3}e] Baselinew, A3+
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AstE o] ok AT £ Aol AE Table 2049} 2
o] Ag7|zte] ZrlstAAM ART F 2T ZFNA A
% 37PF #EEAG. ol 27 AEVIZEY 5% 5
7k Alolel &3 FU= %7} 9o 47E =AY S 7}
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ol ¥ AL FE3] sl LEAE AolFe Fol 7
83 fod dart gida Az, GadAEe] 2t
7] dEZe] FWse A=A AAg2AseM dT-H
ojof & 3FEoleta AZgiet

micro-CTE o] 83 A7} 7Rl whe} 23104 &
HefR) =2} micro-CTFF9} 3297 FFR A&l =
LS #7o] g Aoz FNS. 13t & Al
A 224 YAz} o} gAY 2hEl micro-
CTAZEZ e F3§ ARAAS BoAFR Z33H.
ol 2xH4 WA o34k EEA18 A FI TR
A9 2N Y 239 Bz AAA] S 9
A of71E 5 Qe EAEI AZAEY, goz o o
g A7 6S 3o A4

B dFelM 2x94 23 EAHIH micro-CTEAY
<+ = ¥stEs 2 Y f28 AAE RAFYa,
23] 22904 2Yd) BMAEEZF NNAJArRIL N.NdNd,
N.NdTm, N. TmTm, PmB/Ar R, fractal 3} S-0] FWH3}E
A3 24 =A 9 JsAe AAEE T AR e =
3} B o Foj|A] BV/TV, Tb.Th, Tb.Sp, Tb,N 5] micro-CT
AxTo] IHF PLE v BR3P oH ANFEY
ATA e} FARE e B HE #o3 AFEHE
9] shteln AlsEH.

2oz 72 Azt #de] 7 micro-CTE °]4-3}
o QA F2AE FGsle Ae] 73 Y AdFE
55 oz AP mE st g AT >
domz 23k 9 33p 2 Ao A A7t B
o ZHRE Aoz qA4E™ o) AF 239 FHH)
EAW g ookt AT oS B esleletn Aleg).
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