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Band Band position Principal assignment
label fem )
Band 1 960 v (POy)
Band 2 1005 WC-C)in phenylalanine
Band 3 1020~ 1070 wiPOy)
Band 4 1081 WOO 3, wPO," ) in lipids
Band 5 1156 WC-C) in sphingomyclin
Band & 1173 C-0-C in proteins
Band 7 1208 Stretching mode of C-CyHy in tyrosine and phenylalanine
1242 Amide 1, C-N stretching, and CH; wagging
1258 Amide 11, adening, and evtosine f-sheet structure
Band 8 1315 Amide 1. CHy bending mode in a-helix
1338 Ammde 11, a-helix N-H bending, C-N stretching
Bond @ 1370 Ring and C-N stretching in cytosine and guanine
Band 10 1444 SICH, CHa) in proteins + lipids
Bund 11 1526 WC=C) i sphingomyelm
Band 12 1555 Amide [L N-H bending, and C-N stretching
Boand 13 1605 C=C stretching in phenylalanine and tyrosine
Band 14 1638 Amide I, a-helix 4 B-sheet (C=0 stretching vibmtions )
Band 15 1660 Amide I, C=0 stretching vibrations in a-helix
Band 16 1681 Amide 1, WC=0) in disordered structure
Band 17 1750 C=0 stretching mode in lipids and phospholipids
Band 18 2851 VJ(CH,) in lipids (liquid)
Band 19 2877 vl CHy ) im lipids (hexagonal) and symmetric stretching of CH,y units in collagen
Band 20 2ESK vl CH 0 i lipids (orthorhombic) and symmetric stretching of CH, units in col-
lagen
Band 21 2910 WCHz) and WCHa)
Band 22 2930 v CHy) in proteins
Band 23 29356 vl CHy ) in proteing
Band 24 2990 CH,, - stretching
Band 25 010 WHC=CH)

X.2 a,b,c,d (RFAZLHEEEIREBESLIRD AT K
U, FRECF D34 Band (5%

a. W% 950-1150 cm™

fEEE

BE

4

Experimental
Fitting peaks
Cumulative

30004

20004

—

10004

o
L

800
600 |
400 |
200

04

RICE

Intensity (a.u

10b0 10%0 11b0
Wavenumber (cm™)

T
950

b. % 950-1150 cm™

T T T
1300 1400 1500
Wavenumber (cm™)

T
1200

c. W¥ 1150-1600 cm™
#EE 15

14
13 !\ 16 17

RIEE

2000~
15004
10004
>
500+

900~

Intensity (a.

600

3004

T T T
1650 1700 1750

Wavenumber (cm™)

T
1600

d. 3% 2800-3050 cm'

21
feeE 20
1819

| e BEs;

N RS

T
2800

T T T T 1
2850 2900 2950 3000 3050

Wavenumber (cm™)

107



3. WIE#HER
O HFEIRELEE RO LB

Band 1 /%% %% 930-980 cm ! T Hydroxyapatite
EILOWETHD (K 1a), FROWEL 960 cm™ £+
A Bl i A PR > QOB R E< iRl —
J7.930—950 cm LLFIXIERS dbiE A 38,
FEIRI I ELS 930—950 cm ! LA F OFREE NS INL C
BY, FEEEEORI GBI EER LT, Band 2
(% 1005 cm H)=° Band 7 (P& 1208 cm') I
Phenylalanine (Z%f 9523, & D55 FE )3 501 TR
TLTUW=,

Band 5 (J%%% 1156 cm )& Band 11 (%% 1526
cm YTV 9 Hud Sphingomyelin (2L, ZOFRE )
B CIR T L Q072K 1b),

Band17 (J%%& 1750 cm)=X° Band 18-20 (Ji%k
2850-2888 cm NIWTHIBAREER /7 I/l £z
Band 22-24 (Hz% 2900-2990 cm )F&o S B
SR T 20, Wb 2 OFREE A B IR T
LT 1ed),

@ RFBITK T DHEIEROIREZ LD L
BRI ME I LR TEREDHSTZLLFD A-D
DI H (A. Hydroxyapatite D FF i fh A 3& 55 5>
Sphingomyelin. D. ?//\7%?&
I DIRE DIRIE) &, 7L a— VEEEAT AR
B CLEf LT,

FT A FEREALERSY.
T 2= VT T = DREEIR
ATRARBEENZNEI A (1.5+0.5) B (0.3
0.2) ZLTC (0.4%+0.3)THY, 7/La—/ /LD A
(1.4%0.7), B(0.5%0.3)ZL T C(0.2£0.6)THH, \»
TIHHRNC LD B 2RI TG0 T,

—Ji D. BB IZKTDREEOHtIE, AT A
KRB ONFH (3.4+3.0) , 237 /Lr— L B85 ONFH
(1.3£0.5) A EITHEETH-2(p=0.041),

C. Phenylalanine,

B. A7 >33z C.

4. EE
T2 IEETIE, EEESN LT —F— X — LR
IR ERE ST AT TWERED FRETH
%o ZAVETEMERE OB HEREMF O T
WZOWTT~v o iEE VT RENRRE ST
% 9 AKBFSETIE ONFH 1S3 L G524 T,

(T DB D L LT,

108

ONFH ORI L DE D5y FAED 2R A HHNT
L7z,

fat B 2 b~ TR AR T IR S & 4 T
MNZFBDT=DS . ZHUTE TR S WM DA i 7208
F2IZ32% Hydroxyapatite ¥+ DGR 72 B D35
HTEATRR T HEE LI,

BEAEIIZ B\ VT, Sphingomyelin <2 Phenylalanine
@ Band |Z331F 58 DMED > T2723, ZAUTAIRE SRS
I0. MR ERE R 35— THD Sphingomyelin ™
SRS | RFMAE O R AN AED Phenylalanine D45 i
ZIRLTWDEB Z BT, ZRHDRERIY, RIS
FoTIIELROT | BRI DO OF M TH
HEBZ BT,

— 7 FNTEIK T DNR B DREN AT vA
R ONFH 237 /b= — L E5E0 ONFH 2% LT
HroTls, WEROHETIL MRI FHECRIfY Y~
R SLE (Zx 92 AT mA RIBHRECH RO NN s#

RHDHEVSTZHER ¥ AT A REIH# ONFH @
fE IR CH BRI O KESNHERTHEN ST
Wi P00 FEIEREIZ I T, AT AR B
ONFH (INEE L DB RIRS 4L, 4 14 722 DHF

DEMDDHDHEE 2 HILT,

/—‘,\?ﬁ@)ﬁ%&bf\ SOITHRRE T DAEFI 2L T
IZ T ROV AIRFEFFOIEB DG Hold
SR SR ORFED FIREDRRET HZEX0, YA
(K- 0720y ONFH L4 MEE0D ONFH & ELii: « g4
HIEERRLTD,

5. #El

ONFH D%y F-HEE DT DI=D\Z T~ oy %

FAVN=, BESEE C Hydroxyapatite D FEf i o1
IN&ER . Sphingomyelin & Phenylalanine 1382561
K TZ2ROT-DNHRNICE DT e o7z, —FHTA
7 A REE ONFH ClL, #> 3 7B Ik T 25 D
BRIEZS, 7Lba— LB ONFH (2~ TR
fECThH o7z,

6. HIRHE
1. FRSUER
L
2. "PRFE
L



1)

2)

3)

4)

5)

6)

MM HEOMBRER
REFFO IS

el

KISk

el

ZOfh

el

BEXH
Fukushima W, Fujioka M, Kubo T, Tamakoshi
A, Nagai M, Hirot Y. Nationwide

epidemiologic  survey of idiopathic

osteonecrosis of the femoral head. Clin

Orthop Relat Res. 2010
Oct;468(10) :2715-24.

Choi HR, Steinberg ME, Y Cheng E.
Osteonecrosis of the femoral head:
diagnosis and classification systems. Curr
Rev Musculoskelet Med. 2015

Sep;8(3) :210-20.
Pezzotti G, Rondinella A, Marin E, Zhu W,

Aldini NN, Ulian G, Valdre G. Raman
spectroscopic investigation on  the
molecular structure of apatite and

collagen in osteoporotic cortical bone. J
Mech Behav 2017
Jan;65:264-273.

Buchwald T, Niciejewski

Biomed Mater.

K, Kozielski M,
M, Krauss H.

Identifying compositional and structural changes

Szybowicz M, Siatkowski
in spongy and subchondral bone from the hip
joints of patients with osteoarthritis using Raman
spectroscopy. J Biomed Opt.
2012Jan;17(1):017007.

Takahashi Y, Sugano N, Takao M, Sakai T,
Nishii T, Pezzotti G. Raman spectroscopy
investigation of load-assisted
microstructural alterations in human knee
cartilage: Preliminary study into
diagnostic potential for osteoarthritis. J
Mech Behav Biomed Mater. 2014Mar;31:77-85.
Vande Berg BC, Malghem J, Lecouvet FE,

Devogelaer JP, Maldague B, Houssiau FA. Fat

109

7

conversion of femoral marrow in

glucocorticoid—treated patients:a
cross—sectional and longitudinal study
with magnetic resonance imaging. Arthritis
1999 Jul;42(7) :1405-11.

Motomura G,

Yamashita A, Sueishi K,

Rheum.
Yamamoto T, Miyanishi K,

Iwamoto Y. Bone

marrow fat—cell enlargement 1in early
steroid—-induced osteonecrosis—a histo—
morphometric study of autopsy cases.

Pathol Res Pract. 2005;200(11-12) :807-11



