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ABSTRACT

Correlation between Osteoporosis—Related Factors and Actual

Bone Mechanical Properties in Postmenopausal Women

Soo Ah Kim
Advisor: Prof. Hyuk Jnug, M.D. Ph.D
Depar tment of Obstetrics and Gynecology

Graduate School of Chosun University

Osteoporosis is known to be a major cause of fracture in postmenopausa
women. For the diagnosis of osteoporosis, measurement of bone mineral density
(BMD) using Dual energy X-ray Absorptiometry (DXA) is often used along with
Fracture Risk Assessment Tool (FRAX®) which was developed to predict the risk
of fracture. However, there are number of limitation to these commonly used
diagnostic tools; DXA can only measure the density of the bone while the quality
of the bone also need to be considered to reflect bone strength. Also, FRAX®
uses clinical risk factors to assess to fracture risk and there are debates on
whether these tools truly reflect the bone strength. Thus, in this study, we aim
to assess the correlation of bone mechanical property as compared to the
indirect measurement we commonly used. To fulfil our purpose, we retrieved a
femoral head from the patient who developed osteoporotic femoral neck fracture.
Mechanical property of femoral head was tested. Statistical analysis was

performed to analyze its correlation to the BMD, FRAX® and bone markers.

Key words: osteoporosis, mechanical properties, postmenopausal women, bone

mineral density, femoral head

_iV_

Collection @ chosun



. A&

fir

o]
o)
Rl
I

9]

~
Klo

o

Rl

o0
<

nO

H
n0
Rl
oL
Ko
H0

Rl

A 40A1 01 SE0IA 13.1%, LA 2 24.3%It

[

[m;

}

[¢]

200 2

0l

ol
1

o)

i0J
il

20

ol
&l
AU

%0
Ko
o

Rl

o o

S 102r g 2

OH

| Hd0iM=E

==
=0

M UAeH

&

&

2

aY!

N,

T

o

H

=

(|
ol
]
A

R

A
_lu_

KJ

By}
oll

0l
Ly

0l
HH

B

9]

~
Klo

HE0|

UEI-/\

2008E0IlA 2013E DHAI OHE 7%

2 At
=

d=H XS

Jtat

=
S

HeF 11-128H8 2 A

FXHOI HIO

o =
= =

| ot
Ls

X

S,

ol
I}
a0

o+

)

R
Rl

0l

4, Ololl CH

o0
R0

!

®O0l 2o

Z 40l 820 3.584 O

Kl

ol
o0

i0J

=20l

A
H Z2E&0H =0

0l

SHLE
2)0i <

=20
= —i

e
2h2A RO

0

=
=2

5t

=1

=]

E (quantity) 2t DIMI2E (
23 (MY, A

=<

al

S

Rl
ok

H

ol

_I

(Dual energy X-ray Absorptiometry : DXA)S Ol

=

(=]

il

i0J

fif

ol
ar

n0
Rl

il

ot= A0 Ol 28t =3X

2008

—

[—

(3

[¢]

AN

(]

i World Health Organization (WHO)OIAM

Fracture Risk Assessment Tool (FRAX)

0l

o
T

110

Ul
ol
10

_

0d

KJ

K
Ao

Rl

)

FAL A

0l

=Dy
JHXI D

F

oJ

HXI

110

OICH11-13].

A%
ioJ

b

ot

o
R
il

0l
Al

=
0o

0l

O

aH =

S —

<L3I-O

DINDN

A2 HAZ0 ACH

Ao
Al

jild

Collection @ chosun



a e - an s
LA Ko 3 = = 0 X B o 53 0l
W< 4miEEDFoE =3 O 00 %0 HO JI o <
ol =o I_.__ODO_._,I..mol _ﬁ_n_m __Iz._Oo_;am m_.___l_:u_.._H
70l I A - s O o W w8 ° 2
20 o M Q5w o= ol S M s Y @wﬂwa
an o I U o 5 ST =T B8 Cm
S = 2 O W= 3 = W kol - 2 = Dm&mﬂ__m
. 8 o o ow Y on o = = LB D -
o, InA.Eu_Ln:DOI i o bu__x__g% B o gy W
ot O = TR R o L4 0s ki S HW
M __OO._| il i, 0] |_
= Cowo@m > o i A T T
=F REmFucr % wsgES L
N = o_m_amom__gm % O_EE_Emomarwo_Em_ug
I 03 N _ ] KIr oo g
K Oggr%_@mr TS 1____E|___|ctﬂmm@3
of n _ n — D 3 3 s @ = = X oA 5 RO
50T J o= o 0l 3] = e L c _ M
= = O_H N O_=_| ||_0|.AO| S ol &
o RO %__O;IWMOM W ﬁo__AOu_LnDE._WM.ﬁUa m.,h
X . DO ol eI 0 I — o o
= TR R 2 Emmmmo;;_mmg
ooz Moy g W X W oo = ! Mrmx__wﬁmﬂfmﬁ
m& KO = w0 O 8% T o z_l_w_ rﬁo s ot RO o= 3 o - =
LU M_oﬂ;momza|a__¢ Ui thmom_x_ﬁﬂ_ammmg
o2 zogwx___mo_ag_ o IMEJE_Ermow e ™
1 = 3 2 g KWOE o xmgomgjae%w
K ™
5 S = Ry ~ 3 M i) = o 70 o4 5 = X
cew Magod 5oy I As 8 gy
=2 m o M%@moux:o__% m onEI_ﬂo_ﬁ_?L%o%
N N a._,_n..,.._.r|]._§| - R0 w___.u_AJx.o_uanu._mw.__L Qo _
~ ok I [) iloll N o0 S _m_Al o KI . @ A = IS) ol U ok
oo ol T IR R | N O R [
T o Moo o2& om T = ot me_xmmgleﬁf_moof_M__o___
Vo T ol.ﬂzaa_eun_nm wow®s 0 I
0 L n = S ) = 0
X R - M%%M:Imo%_xﬂ o7 KR ogxoaa%m&m@Awu
50 g rTROo g =3 W 2o @%E_x:o_e%MOQ%ﬁ
4_8 z,8.ci0! " Slazmiawgs
Z L%ﬁﬁ?;;: —~ B . AU A = & 5
S XK® T T WO _A_ﬁ:IJE_EMOEENw%E
o U - =T o ]
n_x_o R0 ®j _n_“_ o _x__‘ =

Collection @ chosun



=3X5t= N-terminal propeptide of type | procollagen (PINP), Osteocalcin(OC),
Bone specific alkaline phosphatase(BSAP), C-terminal propeptide of type |
procollagen(PICP)Jt U1, Z2E&2HXXNU= ABHHAM =Adt= Hydroxyproline,
Free and total pyridinolines(Pyd), Free and total deoxypyridinolines(Dpd),
N-terminal cross-linking telopeptide of type 1 collagen(NTX-)2t EH0HAN =&t
= C-terminal cross-linking telopeptide of type 1 collagen(CTX-I), C-terminal
cross—linking  telopeptide of type 1 collagen generated by matrix
metalloproteinases(CTX-MMP, ICTP), Isoform 5b of tartrate-resistant acid

phosphatase(TRAP5b)Jt QUL 0leist Bone turnover marker = =20&E2Z9 HIF &

A2 XZQ vSS Hotot=d =2 ALESHH &L ol F=itECeg 2ZE HIE
DO BRUT FFE 2 0|y 22ad JIsEXSo A0 T 24400 L0
g2 I 20 =032 ZEoF & X & 830 S20 & 22z M2AEC
[17].
2 H3s SUE3E 22 Al 2EE 40t 0 ZUE SII8XS =225, =
WX EXIX (bone turnover marker) & H&X E4 5o SCts3T 2K Hlw
St O H2H S SolsH AN 2AER 22dE =8 =XS2 REH0 Ul L0rE
DX GHALCE Ol SFAI2ID| |l sTUH3SH HE 282 =2 SXN0A HAE HE
=5E 018010 U334 22 25 ¥ P4 422 Z4G6IH HISEHC =z &olg
= A= OLs 83T 28 X, &t & 2033 +=X (BMD)E 0/&36H0
AH SAEAS H&2AHS Q020X ST

— 3 —

Collection @ chosun



il
0

ok

1. M=

-t

<0

&l

20178 3ESH 20188 63 NHAl

o1

=
[—

]I

ol
H

ol

DO:‘

fE

|2 129HE 0l&

2Z2H

o 2

OFXI

9] inclusion criteria 2=

SE

s}
(s

KIO

i0J

Ju

u

&3

-

<0

¢S]

ol
0

lo-

10
=

=
ot

N El;

1:0|
=T —

A5t CHE]

=2
==

ol
™3
Rl
gl

i0J

=
[a—

exclusion criteria &

BHoY

AL

cC
I

o0
I

ok

i0J

=Ct

JIE 0

1.

ok

o)
Rl

ol
R
gl
E

KIr

ol
o0
30

3%
OF

R0

JU
&3

<+

oll
%0
K
i
H

Rl

i0J
o

A 18

o
0 LIGIXION CH

H =tQIGHRALCE.

=
0l Jtsotd

| JFEE0

(G RE=IN 3]

5
HA= X =10l

==
=)

I
Ik

—_

ol

ol

=
ot
Iy

ok

o)

=)

(0]
[y

|

=l
-

pNPpS
=]

0

3Bl CH

FRAX OIAl KIAl

ot AT

PN
[y

11

=
TT

E

1

HAE=E Jr=a 2l

0

o)

30
]
gl

A

Ol MM AMEONS, JFOHE]

ok

XSl HE AIJIE =elotALt

A0

all
Bl

Collection @ chosun



SUCO =FE LunarAHGE-LUNA progidy)2 0I1= NI Xl AAH Ol EL H=E

(dual—-energy X-ray absorptiometry: DXA)S Ol

= 2ot HE=1 RFF9
ZLEE SAO 536t T-score2t 2LE g2 AGIRUCH O & FEF= M 1~4
FO SUTE =FOW 019 HZXE Fot¥2, HEZ22 29 HE= &Nk
€l AL (femoral neck)2l gt2 FotRACH T-score= Standard Deviation (

ot D, SLUE g2 g/arz HIIGHACH

WHO OIA HMAISH 282 0I85t0 FRAX at2 FoIALCH. =HEHI| oM 2Kt
Of MHY L JIFE" F AE€XZ MAIZD Ys S50 HES JRe LS
FRAX =& ? e o= T2 SHOIX
(https://www.sheffield.ac.uk/FRAX/?lang=ko)2| SERE S H& S=0AM CHEH2I=
o diote =0 Lot E&55= FEEE SO JISSHCH 2= 104
SO Yas & = =E AEZ0 Uotd =2 2UE34 =282 2 DHE ZE0
CHoll 22t %2 HI|GHAL
5. Bone marker &3

JIES HPE Sl L&l bone marker & 2 HIA0NN= 2EHok=z
Osteocalcin, 2&= 2lXtz2= CTXE &5t =JHOIACE. L8t FIt=z HIE2 D E

=XHg st €N MUFQ A= U OsY oFa Z=24EH0A Ol FCH
SEAE2E bone marker & S&E&H AJIDIKIS TR Al2H2 38 £ 12.4 AI2H0IRU L

=

6. UE 2529 MAst® SMH 2 Al (Biomechanical property

Collection @ chosun



, R E@
— =~ ol == O | -
| = 1 o 8 ol o) ﬁ_a [ = ol.
™ 73 X0 - S Al m = R0 o 0 Ur - @ ol _IW S 5 A
S cwo W % 2 oo <o W2 g p¥o°0w
p— == et -~ o= M
me &Y oo S U g 2 E a1 2 ) 3 S & M g y
B o~ S o — — O Iy X T 5 @ s
s gna ®o S Sm gk Xy g ® S 3w m oy
o o -~ = — 0H o J U or ® S © m W K 2y
0 = al B — M = o &) KIr 5 Lo _._._l K o
ﬁﬁ%ﬁ5 Al oy s Y amoa 0 s s Ea,
° W R G - Rl o i m% M = Jﬂ S M, ol L R ST K-
- R =5 5 &?ME%AIMR - E_E__mmm%
_;._&:TO_EM 5 0 > %.&%u\&ol,%ED 2 :T%o_mza
WX m o 5 3 S w . 5 R © g o = o A= o)
=z mwn s 3 4&0Mou%4+ S m o — o
o & W oo om o Ul o Al 33w m < £ 20 wﬁ A c [T o 1 B
o — 5 s s ;___r;rhm+om = S a5 g
W = Tl o c °©c M@ s E KO _ ® < I
S = oM mw . S Ww==_ 3 e znq 2 2 -
TN L RR RO B TRl HSmJ&N 5 s omg®
_ w VA A ol B @ = Wom Lo = £ W = =
WAJ:'A UF o s O_E._.mm% A 8 s © 9 Moy
= Ur 0 5 W A &0 5 X Ws " g L = = T ® L ER
S Ry LW — © ol s T 2 m Z o’ D = Dol o 50
~Nor O ok M_M = ‘© & o = MW o 9| [} Hr = = 5 B 2 o ﬁm
<5 m - = __d%m__o.momgm mm__dwmon_
f  moE o= Z FoMow sm _US RooumSDC
s o_‘_ Q_O 3 =3 w = _|_._ bl Cn_ © \Alu/ (6} 03 £ N ..../.o ] ol H.AI
= S _ W T un ol w E 3 m _ s S
L o = 3 A0 0 R T S ﬁ o B g ©
o__mga____mon__ o W ﬁw%ﬂMw.&MH ° %%m&&
ma:__mnmmM o &1 Hm;:@.mméﬂw % v o £ W
O 23 g T 0 En_amemm@ W= Q= g
Wy 83 5 o W Mg W ST E o _ = or — A Mo &l
w o = S Rl OF 5 — = o = m W
R0 T = K g © g (Ol = . A K2 S 10
= W T = o oT __A:dI:I.w er W = . g & X
0w ) S A a = = o 5 Soul a9 = KU or o W
== uWey T w g%%ﬁ(%mw_W1 S owm oz o
m o ~ 3 | A = K Ul el N E e bay o) — T % AU
S 3 _ = 8l & : ooKo B ow oS i
= oS M © S bR WO K 1
WS T oD o
0f ® o K

Collection @ chosun



e
]

FOd 15mm/minute 2

g el

HIOIXIO =2l 5 x becm 2AJ|2

10mm A 5mm &

239 2= 2T (bending stress property of cancellous bone)

o

C.

5mm core drill

=
1o

bit £ Ol

B2

io-

Al CHS O

st X2 (i

INDSI S| B

io-

Ol ©EIE=F 2IXIAlIA 3-point bending 0l SI=F GIALC.

KM
<+

K

-

KO

-

)

o

e

e
]

5mm/minute 2

xr
It

ol

RO
L

Ol H

o e

K0

9]

K]

Ju
oy

K

-

H= (MPa) S

Et

-

al

-

ol
ol

oI
K0

9]

I

00

Ju
oy

i

00

9]

ot A

2o =40 o

K

-

ol

0
Hr
ol
Al

g

o

=
1o

OlsHel ek

)
JJ

I

00

Ju
iy

I

00

0l
8%
19)

00

ol
nS

H

0
Rr

o

=8

ol
ALl

o

=
1o

JU
)

-

ol

-

ol

ol
K0

9]

Rl

=
1o

JIJ
)
ol
ol
ol
Kt

o)

OlsHel JdeHZE AEGHH 012

Iz

9]

Collection @ chosun



o

1L
[=]

o=

)
=

F

S
[wetd

|, bone marker & Vitamin D S& X0l Y

SH =

RO
KIr
Rl

Rr
<D
KO

Rl
JU

e

21

KK
=8

15

d

VoS
~

=
[

t

AbD
[

FOd Pearson
A=20

[¢]

Spearman Hl

=
[a—

ioll
%0

1
=y
IH

RO
0l
83

9]

010

ol

—

<

Rr
<+
o

< p<0.10 ¢l

Collection @ chosun



. 2

-t

<0

&l

78.3 £ 554 M, B2 ME=2 56.3 £ 8.39 kg, B

Ar

o

i0J
or

ol
H
K0

Ju
o

BMI

F8ell, 83 1d”2H,

===

Al X} XI
[=]

CZE DEA0l 15, E= 74,

2tAe 1A

2.

ol
o)
Rl

Rr

tOd AHIZOI

¢}

otJl <

n

!

o)

JU
ot

B

i
n
>

ok

_

0d

KJ

ol
30
™

I+

B
53

ay

(u]

!

o)

Ju
ot

il

T

D

R
Rl

o)
I

9]

010

11
]

T

(u]

Ju
OF

R0

il

ol
il

ol

-

<0

ok

_

0J

Uk

o)

Ju

Rl

Ct (Table 1).

53
&3

I
(3
o)

KO
&)
o

}

=
15

el

ol
Ulo

o)
R

g

tAS OILE XHDHE

i0J

AHZO0I

ol
0
oo

k

CH

d82° BMD &At= =ZE0|

CHE]

=<

al

H BMD £

elo

NE==

=Z20ILL JI&E

otdt
=

BOIA 4815

1

=
2F

o
2

A0

ol
IS
KF

O

=)

A

J

off Ofote= &2

M2l

=
=

sl
OlA 0.802 + 0.127 g/er, CHEl Z=R0UHAH 0.615 £ 0.112 g/

OF 8ellA2O 200 0149 =
crf, 22 CHEISOHAM 0.674 £ 0.130g/cm ULt (Table 2).

HE M

==
T
[

102

H.

T-score
S0| 3dI ALk,

L

=g
T

Ct=301 15¢, -1.02 -2.5 At0l<

BMD= A

el
=2

C
Collection @ chosun



_J
A0

KO
b0
oF
Rl
ol

oJ
00

4. FRAX € Ol

XOIAM CHEIZ B22 BMD £

o)

15382

o)

X FRAXE OIZ8t JHelel 108 UK

ke

11
iy
100

ok

Al
Al

L

H

1o

S JHXol O

Rl

]
gl
_uu_

ol

a0
O

9]

M
(S

10 OlLholl =2 =U33

| FRAX Z1t=

ZPNa=]

S

ol
I3
=0

c. o
- =

0

S o
Srast 2

=

11.7 £ 49%%20H, D28 2ZE0l 109 0[LHO

3.9% ULt (Table 3).

o
2

A0

5. Bone marker &3

=8

<
il

prnl
=

l= 6.73 £ 0.52 ng/mL A2

BaX

H XX Osteocalcin®

M
(S

10.82

16.85

D =

HIEtE!

0.69 £ 0.52 ng/mL 2 =SEERULH

ng/mL OIUCH (Table 3).

CTX

JAPNRE]

RO
KIr

n0
Au

ot &

Helol et linear

=
=
=

=)

o

J
19
~
KIO
H
A0

Ar

ok

K

I
2.963

Ct (Figure 4-9).

Al
Al

L

Hl ==t

0
my

ok
iy
A0
I
00
oy
A0

K

ol

AOIAE B2

MPa, 790.8 MPa, 16.959 MPa & UtEt%

Al

ol
ol
0
i

ALl
KU

ga

o= == HAENAM
13.692 MPa, 11.130 MPa, 20.462 MPa

2t 23.500 MPA, 17.723 MPa, 424.339 MPa OIRLLCt.

00

Ar

0| ALt (Table 4-6).

Collection @ chosun



F

oot
RO O T
R A B3 Py _Mw S o
uA A ot H ) s ) LlH
T o ok c & o3 m_LM O @R
S on R
. o X o RS ° 5B & i)
~ s 100 o = O — =) < KU =T
° o = = o < ) : oOF © &1 ok
e mJ 1 5 . @ ol RIS
8§ % 25D Ewmg w M x
. " mlw S o & - g o O 00 =
= ,Mm_w_m | or & > = - TR I
o wm_aw LA g o0 S R o
> N S q 83 - w ¥ 8 g —~ <
8 S35 5 § N 1 = w O > =
L [ o U o < u o) c X0 ] -
0 5 g oA oW - 2 Lw g 9l 3 b
8] <4 = % KT m Q RO %_.u < o ﬂ o @ m, ol
o > _ » < JIJ 0 o A o H
9 ﬁmmom.m%mm GO cm g e W
z xo,m:_':_%PO.a = & D By X 5
S cogx W R z
Hr S A S 0 5 gom = Lo
oI RS Rl 3 ¢ A X 4 mT = < 0 fr
a0 ew o o So 3 = 3 o L
o2 R o o _
A0 ~ 2 A g o Mo = of Hr RS up) gl .
W 1T = om. M a1 5 = " o 5 o ar ™ a1 ._n._.._
ol H © = © 7 WH @) ol WH oF o= =< n0 )
oS . I+ ™ = e oS ™ - o
X no ) T c n o © o <F KO 2
r X0 s g S o 9 ! L
- S Ul ¢ %) JUJ i . = Kir M mM
I R 0o s W o= <F oy ol i0J o om
= Wom 3 2w & T N = ol H o oor X o T
™ ol < o o o O © ™ =0 o H T R
== £l I e = 33 9 ~ o X0 n0 < Ok my X =
O v ol w = .Ao C mm._ O ._.Auo _E._u - ie) ._.J.o ) (@]
. Kl MooF % g # 8 B my w5 ool o & D
N~ = o W W ar 5 . a0 s > o W i Ao
< 5 . T of & O ol Bl i ) o
S ® B3 moe s g il 5l a o = ol Ao
> 5’3 QS Rl = I R
o 0 _:%MOEAE S z S o 35 A w
<& sy S wmﬁm+ &l o1 M
| s R0 > ._Hv () T
Ew T % s 22X
~ _._.I 1l |Or__o Wm o
= A
&)

11

Collection @ chosun



]
B

V.

S0 Olo CHEH XI=Hl

HIZ 0l

SEA O
i R

[HECZ HE &2

(H

E2 50Al Ola HEOIA 40%, SEMA 13%0I Ol

=]

ot @edl 2l JIEF At

1 UCH18].

ALl
]

Ju
=

K
KM

el
o

Ok
(s

g

i0J

i0J
<
K
X0
0

)

=<
[

J

(0]
[y

H

NAHHSZ

HFZ0I0

=
=

B

H
HIr

0l
s

ioll
~
KI0

H
4dr
Mo

0l
0{0

o}

ok

Ct[19-21].

FRAX 0I= 22=

EIr -2.5 Olot, &£&=
&0l 3%0l

ol
b ACH22].

Rl

L= JIEt

At
S

=
[=)

OlZotd 10 Ol n2t&

ot0d

t1

(e}
10

I.

Ol

oI

ool 2tEs

110
_lu_
s
i
n
=
1]

Ty

ol

ok
R0

o

I.

<0

0l 20%0l

010
<

HIel ArZ 0l

n
>

KIO
M0

Ct

Rl

i0J

1

i

Rl

o]
s

ioll
o
Ki0

s
Ju

)

ol

2 0 XE

0l
Bl
10

Ju

9]

H

I.

A0

ok

_

0d

KJ

KD
il

Rl

Mgst HESZ %0l AFZEAL

X0
=)
~J

F

ol

FHOI B A

A2 OlHLZ ST

)

2=

0l
Bl
10

i0J

00

H

i
s

INE=2=DN

=
[a—

ol
=

=

o
%0

Ju
7}
RO

| DXAS

==
=0

0 ACH ols

ol
Ul

KJ

ol
Klo
@ro
AU

OF

S fcltete

i0J
o
Ki0

oy
A0

Rl

<
OF

ioll
KiJ

kiJ

1

Rl

KJ

fRy]
oll

0l
s

J
=

ol
o0
30

Collection @ chosun



ot A

e 8= 2 W

SAOA O =

20l=

ol
K
N

nO

Rl

ol
H

0l
s

Il

_

ol
JIJ

0l

20

ol
&l
MHu

%0
Ko
i

Rl

’

N

2JF
=]

CH(39, 40].

Z&= estrogen 2

CHALDL

prnl
=

= H40lA

ol HA
X, stiffness, elasticity, QLA X0 CH8t BtS ™ T (resist deformation and to absorb

= CH38].

otLI 2

s

I
)
%0
i0J

0
xr
jild

ol

.

Rl

i0J

&)
ok

=Nl

IH

ALl
KU

=
ok

Rl

o

=
1o

CH41].

Ar

e

i0J

Rl

Ju
oy
A0

Rl

0
Rr
100
<A

0l
il
RO
KIr

40

ol
n0

Rl
Ju

ioll

Al

0l
Rr
<D
KO

110
Jo

tH, d

]

T, Ol

SH
=

=2 Al

o2 ZrZ(iliac bone)dil A

fil
0
J

110
K

]I
180

Rr
KA
Rl

i0J

2 on =X

=
e

T,

H

o
(=]

HoZ Al

E At Ct. il A

=)

ur
<+

oll

~
Klo

o)

J

19
~
KIO

H
100
oF

ol
&l
AU

0
140

m

D

i0J
o1

1o
ol
&M
=<

<J
ok

(H0
OH

B

RF

84

00

ok

o
(HO

m

B
Rl

el=J1, A

Rl

2 2HE XA

(@}

gt
=

=2
=

o0

E g

o

Ulo
-

R
Rl

rJ
i

W

0
o

CH47-50].
g2 ==+

XN X+Z osteocalcin

IT
i

P

prnl
=2o

AA0NE
S & BAI~2H 11Al ALOIO

=
[—

11

At

bS]
i osteocalcinO| II&Z=

=]
=

CHEl
EHZ ACHE 1O

(]

=

ot
= A2

Ct.

e

[Ry]
oll

0l
s

Ju
e}

b

nO

I=PUPN

o+

-

<0

)
~
Klo
(HO
ofl

lo-

R
Rl

!

Collection @ chosun



H UALBZ2 0l

Al

K0
il

KIO

o™ ol=0l HetEOol

2|5t

ol
Kir

R
Rl

ol

H

o
20
140

m

D

Rr
kd

UXEH =203

st B#E
dsl= 1 st HAIE

=
tALCH

XZH e

=
[a—

110

Bl

AR =

=
[—

ol

F

oJ

[us)

ol
Uk
AU
(]

!

ioll
%0
Kr

11
iy

Rl

ol
Rl

0d

ol
Uk
AU
I

20 &#=22 0l

=22 X

a!

i

0l
r
ol
11
iy

Rl

ol
Uk
AU
I

OF
R0

oll

ol

aCT

ol
ot

<+

ioll
30

2F
=

BlEcIH0lct

0l
s

Ju

i
ul

ol
Rr

XHOIIA =01 A

b

__3._

b

ioJ
e

=
FLCE.

e

A0
U

Rl

[¢]

oA A

= o

A0 A

=
—

i0J

0

_

oJ

Uk
i

ol

ur

Rr
o

o
o
%0

B
Rr

gl
oll

R0

)

<+
oll
or
=

o
0

&2

&)
K

Z 20X 0l

olail
Ol= -0l Al

It BHAIEIOF RUCH.

I+

o

KIO

nO
nJ

KJ

oll

o]
s

Ju
ot

| N EIO10F BHTHD
AR THE Utetoll di

o

s §
=

S|
=

Rl

%0
Ko
i

Rl

Al

i0J

XHO1l - CH

ol

A
3

KIO

=03

ok gt

=R

£35l fcluete

=Lt

ol

)

<+

ioll
Hr

o
Al

ok

o

i0J
o
Al

KIO

ioll
ol

ol
KD

B

Collection @ chosun



I+

iz

M AFZ Ol

n
>

KIO
M0

Ct

Rl

i0J

IH

ioll
Bl

ol
o3
<+
ioll

0}
<
K

oI

Kr

<+

ioll
Jjo

St
=2

£ ZUHE

Mol =1t

=3

X

o 20338

o

-

Al

0l
s

ol

Collection @ chosun



Ll

7= HE = dulA =0

=
[—

1}
RO
KIr

11
oy

~0

Ar

03
H

I
-

X0
gl
3l

o)

et Hlw

ALl
Rl

=

B
83
iy

ol
o0
0

Ju

)

_

oJ

Ju
iy

-

ol

-

ol

0
K

Rl
Rl

=

ol
8%

LIOl2t Hl ot

00

0
K

I
70
0
K

K

JJ
T
Rl

I

o

=
1o

ol
8%

9]

11

Bl

o BUTY

o T —

CHE

oA Bl

Rl
Ju

7}
18
=8

ol
A
il

83
iy

ol
o0

gl
3J

i0J

00

0
Hr

(e)

il

PN
=

de0le I

XXl osteocalcin 2l

IT
i

=84

3+
il
A

B
33

X0
gl

Ju

Ml

o

=
1o

0l
83
iy

o
0

ol
O
o)
pd
Bl

1

53
&3

<+
il
o

gl

o

Al
20

0l

t=e A

Mo

=
—

FOIXIG, =

S
=

0l
Rr

Hr
JU

&)
il

—/

Ol AFA
oo

0, =EXA2

A0

ol
Rl
410

ioll
o
=l

10y
KB
[BH

ol
Rl

m
K+

Collection @ chosun



=

HO

a 1

1. Shin, C.S., et al., Prevalence and risk factors of osteoporosis in Korea:
a community—based cohort study with lumbar spine and hip bone mineral
density. Bone, 2010. 47(2): p. 378-87.

2. Schuit, S.C., et al., Fracture incidence and association with bone mineral
density in elderly men and women: the Rotterdam Study. Bone, 2004.
34(1): p. 195-202.

3. Ray, N.F., et al., Medical expenditures for the treatment of osteoporotic
fractures in the United States in 1995: report from the National
Osteoporosis Foundation. J Bone Miner Res, 1997. 12(1): p. 24-35.

4. NIH Consensus Development Panel on Osteoporosis Prevention,
Diagnosis, and Therapy, March 7-29, 2000: highlights of the conference.
South Med J, 2001. 94(6): p. 569-73.

5. Lee, Y.K., B.H. Yoon, and K.H. Koo, Epidemiology of osteoporosis and
osteoporotic fractures in South Korea. Endocrinol Metab (Seoul), 20183.
28(2): p. 90-3.

6. SHE., ALBESH, SHEE EBIOA 2016.12; Available from:

http://kostat.go.kr/portal/korea/kor_pi/11/6/2/index.board?bmode=read&bSe
g=8&aSeq=358229&pageNo=15&rowNum=10&navCount=10&currPg=&sTarget

=title&sTxt=.

7. Fonseca, H., et al.,, Bone quality: the determinants of bone strength and
fragility. Sports Med, 2014. 44(1): p. 37-53.

8. Seeman, E. and P.D. Delmas, Bone quality-—the material and structural
basis of bone strength and fragility. N Engl J Med, 2006. 354(21): p.
2250-61.

9. Cummings, S.R., D. Bates, and D.M. Black, Clinical use of bone

densitometry: scientific review. JAMA, 2002. 288(15): p. 1889-97.

Collection @ chosun



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Marshall, D., O. Johnell, and H. Wedel, Meta—analysis of how well
measures of bone mineral density predict occurrence of osteoporotic
fractures. BMJ, 1996. 312(7041): p. 1254-9.

Unnanuntana, A., et al., The assessment of fracture risk. J Bone Joint
Surg Am, 2010. 92(3): p. 743-53.

Cummings, S.R., et al., Risk factors for hip fracture in white women.
Study of Osteoporotic Fractures Research Group. N Engl J Med, 1995.
332(12): p. 767-73.

WHO, Fracture Risk Assessment Tool (FRAX) available; Available from :
https://www.shef.ac.uk/FRAX/tool.jsp.

Siris, E.S., et al., Bone mineral density thresholds for pharmacological
intervention to prevent fractures. Arch Intern Med, 2004. 164(10): p.
1108-12.

Jiang, X., et al., Diagnostic accuracy of FRAX in predicting the 10-year
risk of osteoporotic fractures using the USA treatment thresholds: A
systematic review and meta—analysis. Bone, 2017. 99: p. 20-25.

Morris, H.A., et al., Clinical usefulness of bone turnover marker
concentrations in osteoporosis. Clin Chim Acta, 2017. 467: p. 34-41.
Arabi, A., et al., PTH level but not 25 (OH) vitamin D level predicts bone
loss rates in the elderly. Osteoporos Int, 2012. 23(3): p. 971-80.
Schneider, E.L. and J.M. Guralnik, The aging of America. Impact on
health care costs. JAMA, 1990. 263(17): p. 2335-40.

Chrischilles, E., T. Shireman, and R. Wallace, Costs and health effects
of osteoporotic fractures. Bone, 1994. 15(4): p. 377-86.

Cosman, F., et al., Clinician's Guide to Prevention and Treatment of
Osteoporosis. Osteoporos Int, 2014. 25(10): p. 2359-81.

Johnell, O., The socioeconomic burden of fractures: today and in the
21st century. Am J Med, 1997. 103(2A): p. 20S-25S; discussion
255-268S.

Collection @ chosun



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Tosteson, A.N.A., et al, Cost-effective osteoporosis treatment
thresholds: the United States perspective. Osteoporosis International,
2008. 19(4): p. 437-447.

Bahl, S., P.S. Coates, and S.L. Greenspan, The management of
osteoporosis following hip fracture: have we improved our care?
Osteoporos Int, 2003. 14(11): p. 884-8.

Gardner, M.J., et al., Interventions to improve osteoporosis treatment
following hip fracture. A prospective, randomized trial. J Bone Joint Surg
Am, 2005. 87(1): p. 3-7.

Gardner, M.J., et al., Improvement in the undertreatment of osteoporosis
following hip fracture. J Bone Joint Surg Am, 2002. 84-A(8): p. 1342-8.
Lee, Y.K., S. Jang, and Y.C. Ha, Management of osteoporosis in South
Korea. Crit Rev Eukaryot Gene Expr, 2015. 25(1): p. 33-40.

Sah, A.P., et al., Correlation of plain radiographic indices of the hip with
quantitative bone mineral density. Osteoporos Int, 2007. 18(8): p.
1119-26.

Singh, M., A.R. Nagrath, and P.S. Maini, Changes in trabecular pattern of
the upper end of the femur as an index of osteoporosis. J Bone Joint
Surg Am, 1970. 52(3): p. 457-67.

Dorr, L.D., et al., Structural and cellular assessment of bone quality of
proximal femur. Bone, 1993. 14(3): p. 231-42.

Kawashima, T. and H.K. Uhthoff, Pattern of bone loss of the proximal
femur: a radiologic, densitometric, and histomorphometric study. J Orthop
Res, 1991. 9(5): p. 634-40.

Koot, V.C., et al., Evaluation of the Singh index for measuring
osteoporosis. J Bone Joint Surg Br, 1996. 78(5): p. 831-4.

Pogrund, H., et al.,, Determination of osteoporosis in patients with
fractured femoral neck using the Singh index: a Jerusalem study. Clin
Orthop Relat Res, 1981(156): p. 189-95.

Collection @ chosun



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Astrand, J., et al., 3-year follow—up of 215 fracture patients from a
prospective and consecutive osteoporosis screening program. Fracture
patients care! Acta Orthop, 2008. 79(3): p. 404-9.

Boehm, H.F. and T.M. Link, Bone imaging: traditional technigues and
their interpretation. Curr Osteoporos Rep, 2004. 2(2): p. 41-6.
O'Gradaigh, D., et al., A prospective study of discordance in diagnosis
of osteoporosis using spine and proximal femur bone densitometry.
Osteoporos Int, 2003. 14(1): p. 13-8.

Civitelli, R., R. Armamento-Villareal, and N. Napoli, Bone turnover
markers: understanding their value in clinical trials and clinical practice.
Osteoporos Int, 2009. 20(6): p. 843-51.

Szulc, P. and P.D. Delmas, Biochemical markers of bone turnover:
potential use in the investigation and management of postmenopausal
osteoporosis. Osteoporos Int, 2008. 19(12): p. 1683-704.

Bauer, D.C., et al., Biochemical markers of bone turnover and prediction
of hip bone loss in older women: the study of osteoporotic fractures. J
Bone Miner Res, 1999. 14(8): p. 1404-10.

Boonen, S., et al., Age-related (type Il) femoral neck osteoporosis in
men: biochemical evidence for both hypovitaminosis D— and androgen
deficiency—induced bone resorption. J Bone Miner Res, 1997. 12(12): p.
2119-26.

Cummings, S.R., et al., Endogenous hormones and the risk of hip and
vertebral fractures among older women. Study of Osteoporotic Fractures
Research Group. N Engl J Med, 1998. 339(11): p. 733-8.

Osterhoff, G., et al., Bone mechanical properties and changes with
osteoporosis. Injury, 2016. 47 Suppl 2: p. S11-20.

Chappard, D., et al., New laboratory tools in the assessment of bone
quality. Osteoporos Int, 2011. 22(8): p. 2225-40.

Collection @ chosun



43.

44.

45.

46.

47.

48.

49.

50.

Dempster, D.W., The impact of bone turnover and bone—active agents
on bone quality: focus on the hip. Osteoporos Int, 2002. 13(5): p.
349-52.

Felsenberg, D. and S. Boonen, The bone quality framework: determinants
of bone strength and their interrelationships, and implications for
osteoporosis management. Clin Ther, 2005. 27(1): p. 1-11.

Follet, H., et al., The degree of mineralization is a determinant of bone
strength: a study on human calcanei. Bone, 2004. 34(5): p. 783-9.

John, D.C., Role of collagen and other organics in the mechanical
properties of bone. Osteoporos Int, 2003. 14 Suppl 5: p. S29-36.

Black, D.M., et al., The effects of parathyroid hormone and alendronate
alone or in combination in postmenopausal osteoporosis. N Engl J Med,
2003. 349(13): p. 1207-15.

Garnero, P., et al., Type | collagen racemization and isomerization and
the risk of fracture in postmenopausal women: the OFELY prospective
study. J Bone Miner Res, 2002. 17(5): p. 826-383.

Vasikaran, S., et al., International Osteoporosis Foundation and
International Federation of Clinical Chemistry and Laboratory Medicine
position on bone marker standards in osteoporosis. Clin Chem Lab Med,
2011. 49(8): p. 1271-4.

Vasikaran, S., et al., Markers of bone turnover for the prediction of
fracture risk and monitoring of osteoporosis treatment: a need for
international reference standards. Osteoporos Int, 2011. 22(2): p.
391-420.

Collection @ chosun



Table 1. Demographic data of the Patients (BM| : Body Mass Index)

Patient Age Weight BMI Fx Family Smoking Steroid Rheumatoid Secondary Drinking
No (year) (kg) (kg/m2) History Hip Fx arthritis Arthritis
History
1 86 45 20.00 0] N/A X X X X X
2 85 45 20.27 0] 0] X X X X 0]
3 75 48 20.78 X 0] X X X X X
4 74 A7 19.56 0 X X X X X X
5 76 67 26.84 X X X X X X X
6 75 56 21.60 X X X X X X X
7 87 53 25.56 X X X X X X X
8 77 45 20.00 0 X X X X X X
9 69 60 26.67 0 X X X X X X
10 78 58 25.78 X 0 X X X 0 X
11 86 53 28.24 0] X X X X X X
12 74 60 26.67 X X X X X X X
13 80 68 24.98 0] X X X X X X
14 82 63 22.99 0 X X X X X X
15 71 72 28.48 X X X X X X X
16 73 48 21.91 0] N/A X X X X X
17 84 65 26.71 0 N/A X X X X X
18 78 56 24.00 X X X X X X X
— 99 —

Collection @ chosun



Collection @ chosun



Table 2. Result of patients’ Bone Mineral Density (BMD)

Patient No BMD-spine BMD-spine BMD - BMD - BMD - BMD -

(g/cm?) (T-score) femur femur proximal proximal

neck neck femur femur

(g/cm?) (T-score) (g/cm?) __ (T-score)
1 0.677 -4.2 0.498 -3.9 0.584 -3.4
2 0.825 -3.0 0.50 -3.9 0.594 -3.2
3 0.841 -2.9 0.586 -3.3 0.611 -3.1
4 0.477 -5.8 0.634 -2.9 0.562 -3.5
5 0.734 -3.7 0.598 -3.2 0.536 -2.0
6 0.751 -3.6 0.566 -3.4 0.636 -3.0
7 0.707 -3.9 0.686 -2.6 0.592 -3.3
8 0.809 -2.7 0.650 -2.8 0.739 -2.1
9 0.956 -1.3 0.877 -1.4 0.878 -1.2
10 0.777 -3.3 0.464 -3.6 0.761 -1.9
11 0.862 -2.7 0.632 -2.9 0.656 -2.8
12 0.779 -3.4 0.600 -3.1 0.711 -2.4
13 1.081 -0.9 0.799 -1.7 0.936 -0.6
14 0.810 -3.2 0.521 -3.7 0.591 -3.4
15 0.947 -1.9 0.778 -1.9 0.921 -0.7
16 0.858 -2.9 0.532 -3.6 0.548 -3.6
17 0.743 -3.8 0.51 -3.8 0.543 -3.7
18 0.809 -3.1 0.642 -2.8 0.743 -2.0
_ o4
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Table 3. Result of patients’ indirect markers reflecting bone quantity and

quality (CTX : C-terminal cross-linking telopeptide of type 1 collagen, FRAX :

Fracture Risk Assessment Tool)

Patient No  Osteocalcin CTX Vitamin D FRAX FRAX
(ng/mL) (ng/mL) (ng/mL) 2338 (%) IHE 33
(%)
1 2.9 0.119 5.45 14 6.9
2 7.6 0.995 9.39 11 5.8
8 3.9 0.224 23.5 14 7.3
4 7.4 1.08 8.12 11 5
: 3.9 0.595 3.38 27 18
6 2.9 0.851 4.21 9.3 3.7
! 4.8 0.475 18.79 9.3 4.3
8 7.4 .23 9.49 9.9 4.4
9 7.3 .05 3.87 4.5 0.5
10 3.9 0.47 31.55 11 4.6
1 5.1 0.388 35.41 8.2 3.5
12 3.7 0.247 26.63 15 7.4
13 4.2 0.854 28.05 7.2 2.1
14 2.4 0.245 23.85 10.5 9.5
15 15.8 0.369 32.15 7.2 2.1
16 19.4 0.896 14.07 17 10
17 10.3 0.223 15.07 15 7.5
18 8.4 2.23 10.49 9.4 4.8
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Table 4. Result of Cortical Bone Axial Compression Testing

Patient No Maximum Compressive  Yield Load Yield Modulus
Load (N) Strength (N) Strength of
(MPa) (MPa) elasticity
(MPa)
1 719 1.465 484 0.986 5.946
2 1128 2.298 455 0.927 5.723
3 1428 2.909 623.7 1.271 11.81
4 1639 3.339 1267 2.581 38.55
5 1465 2.984 661.9 1.349 17.846
6 825 1.681 448 0.913 11.529
l 1175 2.394 641.4 1.307 18.978
8 1049 2.137 664.9 1.355 13.654
9 1443 2.94 1237.6 2.521 15.386
10 1363 2.777 305 0.621 2.968
1 686 1.398 437.4 0.891 8.785
12 3550 7.232 1489.6 3.035 36.721
13 800 1.63 581.5 1.185 11.568
14 1431 2.915 460.9 0.939 16.184
15 3293 6.708 1728.9 3.522 35.106
16 1295 2.638 796.3 1.622 13.593
17 1842 3.753 1186.6 2.417 28.266
18 1059 2.147 764.9 1.455 12.654
Average 1455 2.963 790.8 1.605 16.959
_9g -
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Table 5. Result of Cancellous Bone Axial Compression Testing

Patient No Maximum Compressive  Yield Load Yield Modulus
Load (N) Strength (N) Strength of

(MPa) (MPa) elasticity

(MPa)

1 3077 61.209 2943 58.543 814.27
2 1553 30.893 1551.4 30.862 833.987
3 965 19.196 790.4 15.723 422.32
4 989 19.674 572.7 11.393 348.698
5 708 14.084 601 11.955 423.712
6 955 18.997 262 5.212 368.773
7 518 10.304 394 7.838 206.477
8 707 14.462 448.2 8.915 285.245
9 682 13.567 581.5 11.568 330.659
10 4884 97.155 3624.5 72.101 1458.126
1 705 14.024 341 6.783 96.189
12 831 16.531 696.3 13.851 517.662
13 141 2.805 139 2.765 94.26
14 1088 21.643 737.5 14.67 303.959
15 1017 20.231 1014 20.171 616.416
16 644 12.811 165.7 3.297 60.889
17 1079 21.464 762 15.158 171.249
18 708 13.962 421.2 8.217 265.22
Average 1181.7 23.500 891.4 17.723 424333
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Table 6. Result of Cancellous Bone Bending Testing

Patient No Maximum Bending Yield Load Yield Modulus
Load (N) Strength (N) Strength of
(MPa) (MPa) elasticity
(MPa)
‘ 59.2 5.073 37.6 3.222 10.714
2 168.1 12.545 145.1 10.831 6.266
8 109.2 9.357 75.3 6.452 30.857
4 59.2 5.073 37.6 3.222 10.714
5 161.1 12.445 135.1 9.831 5.266
6 100.1 8.357 73.3 6.252 39.837
7 118.1 7.749 103.8 6.811 34.263
8 300 22.388 256 19.101 20.481
9 109.2 9.357 59.2 5.073 28.052
10 116.3 8.679 74.7 5.575 5.455
1 70 5.024 52.9 3.948 5.719
12 290 21.87 232 18.801 19.471
13 232.1 17.321 226.5 16.905 12.469
14 279 20.368 232 18.231 19.487
15 211.1 16.301 196.5 15.909 12.019
16 380.8 32.631 197.1 16.891 45.237
17 226.4 19.4 199.1 17.059 46.53
18 188 12.318 157 16.231 15.482
Average 176.5 13.692 138.3 11.130 20.462
_ 9g —
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Table 7. Correlation of BMD with actual bone mechanical properties in cortical bone axial compression test. (BMI :

Body Mass Index, BMD : Bone Mineral Density)

Femur Neck Proximal Femur d3F &4 IHIAZ 4 HJIT @4

BMI Spine BMD BMD BMD 4F 2= 5 2= A+

BMI Pearson % 1 404 .389 403 421 358 253
FI&E (F=) .097 111 .097 .082 145 312
N 18 18 18 18 18 18 18

Spine Pearson % 404 1 506" 712 020 005 —.289

BMD  TeEE (¥5) 097 .032 .001 937 986 244
N 18 18 18 18 18 18 18

Femur Pearson 73 .389 .506 1 728 .155 465 .276
Neck TIEE (¥5) 111 .032 .001 538 .052 267
BMD N 18 18 18 18 18 18 18
Proximal Pearson 733 403 .71 728 1 .230 .301 .026
Femur TAEE (¥5) 097 .001 .001 .358 224 918
BMD N 18 18 18 18 18 18 18
4 Pearson % 421 .020 155 .230 1 832 787
=4 ot FARE (F5) 082 937 538 .358 .000 .000
= 7% N 18 18 18 18 18 18 18
JdF Pearson % 358 .005 465 .301 832 1 881
zx4 g TAHE (F5) 145 .986 .052 224 .000 .000
= g3 N 18 18 18 18 18 18 18
JdF Pearson % 253 —.289 276 .026 787 881 1

g4 A  TARE (F5) 312 244 267 918 .000 .000
> N 18 18 18 18 18 18 18
ES
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Table 8. Correlation of BMD with actual bone mechanical properties in cancellous bone axial compression test.
(BMI : Body Mass Index, BMD : Bone Mineral Density)

Proximal
Femur Neck Femur AT =4 HT A EF &
BMI Spine BMD BMD BMD U= A= dE A= AT
BMI Pearson A% 1 404 .389 403 103 100 067
T8E (¥3) .097 111 .097 684 692 793
N 18 18 18 18 18 18 18
Spine Pearson A& 404 1 506" 712 253 208 175
BMD AgE (F) .097 .032 .001 310 409 488
N 18 18 18 18 18 18 18
Femur Pearson A% .389 506" 1 728 550 A48 404
Neck BMD Ta&E (¥5) 111 .032 .001 018 .040 .097
N 18 18 18 18 18 18 18
Proximal Pearson A% 403 712 728 1 .044 010 .092
Femur  T&E (%) .097 .001 001 862 968 716
BMD N 18 18 18 18 18 18 18
3HWE =  Pearson A% .103 .253 550 .044 1 .969 .899"
A gz 7 FAHE (F5) 684 310 018 862 .000 .000
= N 18 18 18 18 18 18 18
3HWE =  Pearson A% .100 .208 487 .010 .969 1 917
A gu 3 TA%E (F5) 692 409 040 968 .000 .000
= N 18 18 18 18 18 18 18
SHE & Pearson & .067 175 404 .092 .899 917 1
A A5 TEFHE (F) 793 488 097 716 .000 .000
N 18 18 18 18 18 18 18
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Table 9. Correlation of BMD with actual bone mechanical properties in
Mass Index, BMD : Bone Mineral Density)

cancellous bending test

. (BMI

Body

Proximal
Femur Neck Femur AHE T AHE =T HHE =T
BMI Spine BMD BMD BMD 3= 3= g@A AT
BMI Pearson % 1 404 .389 403 015 126 —.088
fFogE () .097 111 .097 .952 619 728
N 18 18 18 18 18 18 18
Spine Pearson 4% 404 1 506" 712 .346 .390 .008
BMD frogE (F) .097 .032 001 159 109 .975
N 18 18 18 18 18 18 18
Femur Pearson 33 .389 .506 1 728 —.078 .034 —.042
Neck BMD Tra&E (¥5) 111 .032 001 758 .892 .870
N 18 18 18 18 18 18 18
Proximal Pearson 3 403 712 728 1 .029 .207 —.256
Femur TIEE (¥5) .097 .001 .001 .909 409 .305
BMD N 18 18 18 18 18 18 18
SHWF &  Pearson HH 015 .346 -.078 029 1 .869 .398
= 7z TAFE (F5) 952 159 758 909 .000 102
N 18 18 18 18 18 18 18
SlHF &  Pearson ¥ 126 .390 034 207 .869 1 .202
z e FARE (F5) 619 109 892 409 .000 422
N 18 18 18 18 18 18 18
SHWZF &  Pearson HH —.088 .008 —.042 —.256 .398 .202 1
Z gy A TIEE (=) 728 975 870 305 102 422
2 N 18 18 18 18 18 18 18
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Figure 1. Setup for Cortical Bone Axial Compression Test.

a), b) The retrieved femoral head is cut into hemisphere shape using

diamond saw.
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Fig.1 c) The rod is applied at the apex of the femoral head hemisphere to

prevent slippage and for maximal contact surface. The diameter of applied

surface of the rod is 8mm
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Figure 2. a) Set up for Cancellous Axial Compression test. Each edge of the
cylindrical cancellous bone is prepared so that it lies flat on the table. b)
The cancellous bone is prepared using 25mm trephine. c) The cancellous

bone appear flat after the compression test.
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Figure 3. Setup for cancellous bending test
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Figure 4. Interpretation of Cortical Bone Axial Compression Test.

The circle reflects yield load.
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Figure 5. Interpretation of Cancellous Bone Axial compression Test.

The circle reflects yield load.
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Figure 6. Interpretation of Cancellous bending pressure test.

The circle reflects yield load.
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Figure 7. Result of Cortical Bone Axial Compression Test according to BMD.
The load to displacement of 10 specimens are shown with wide variation of
results.
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Figure 8. Result of Cancellous Bone Axial Compression Test according to
BMD. The load to displacement of 10 specimens are shown with wide

variation of results.
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Figure 9. Result of Cancellous Bone Axial Bending Test according to BMD.
The load to displacement of 6 specimens are shown with wide variation of

results.
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Figure 10. Result of correlation between factors in cortical bone axial

compression test using scatter plot.
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Figure 11. Result of correlation between factors in cancellous bone axial

compression test using scatter plot.
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Figure 12. Result of correlation between factors in cancellous bone bending

test using scatter plot.
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