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Fig.1 The system of dual X-ray absorptiometry
3.2 XEEX SEEEEMNRE

A X SN Sy 2% FE N E e W2 1 Mazess &
&}: /HJ—-—EZG 27]

SRR, W2 TR SRR (K2 1 L

o ARG TR IR B, ) X AR R Z RO T, 3RS



720 CT it 5 N 9T 23 %

AERGIRPIRIA IR R FHOBCR™ KA IRAE X IAFR AR, S5 L AL
WU 2 X ) SR AE ™ 35 T, ST LR, e
AR AL T B PR 6 3.

BB REAIRRER X S0 SR R £, S 0L 10 2 A I P R R 1o
Ao, AL GO ERIRIE |, B 1 SR LAERERA A, T LA 807 fR

R, In (IHJ —In {IL]
M — IOH IOL

b

iy — Mo R (1
R, ln(IH] - ln[ILJ
M = lon lo
’ Hy — g Ry

WA DA, g,y 77 RIS R LGE F AR AR i T 0B IR E Sk e’/ g

Hhep s iy ST N FORA R A GVE B R PRI R 5 R (K0 R R, A4 en'/gs M FIMY 4

MFTR KA SR AU IR EE, B0 g/em’s g CERTRAEH, M, By FSCinik e

RN E o B IME R, v R, AR T2 B B R e R 2 M AR M T

&=fiﬁ&=ﬁ%,m%%@%%%&%@%%%%ﬁ%%ﬁ%o%ﬁﬁ*%ﬁ,Rﬁﬂ
sh h

Ll A e 93

e ST R AITT LU BRSO, AT S My, BRI . (22,
I T AR ER RS, s A . RRANERE AR A, AE SRR RE T 23 A1
T ARH AR, o H IS I RE T S S e N R I B R AN 2 DI EAR R s
TGEIEAARESIL o

Cardinal %57 1990 4R R e = U LA 10 7 VRS A 1 B REA o 2N
W L A (B LZ N LS BB AE (), B4 5 [ 1 M 2R sl S
FE BRI B 58 AR R (R SR 2 A 1, 6 E N 8 P AR R AT S, A5 2 LA g AT 1
BT AL AR, T ke = T AT f D RE A, A9 AT LU KSR
R B LIRS PR AESEBR I D, SRR A SRR, BIATSRAG AR 1R 25 (B . Neale
FEWFIUH QAW 2075 THAE, RTEENs, Caw) s e f & .

AP BRI X S AR R AR, SRR U AL 4
frie, BAC (D) My =0 (8, af VRN S O, Rt D ABIM, =0 ()
UL REAT A SR . X R EAE B EE ] X USRS TR IIBOR .

SRIGSEHR I — AN ARG, XARGFAEN X BN TR B & TR TR A
BRI PR X B, ARG T LEB N, TN R g 2. RIS, AR
SEAN R S IR RE R X P2 NGO R T,  JERL A0 URE S 2 3, X410
AT AEAT PR 3 B9 o AH LR VAR ZEAMICAE X S SR ARZe M n) A TR IE, A FTERA3 4R
JSROELE

MR AR S Sorh, SRR ISR, A X SR T IR, AR
AT AL REG T (KA, I L A5 Y R A IEREA T



5 3] PP URE X G AR £k 721

HETHIARE X S22 BEACEOR B RGASE B35 BRI A B4 o, o Pt ok
Mp, TR, MTRV. RN, HS AR R 5~10 usv, ARG TR
(i KATER SR, MY T IR 1/30, ERECT B3R A 1%, HAIELERUN
VRTEAS R, RN R e A, TR T LE B S . AN, HRTRIHER
ANCAT CABR AR MOS0 (0 B 2 AR, T LARE— 20 R AL SR LR S I I IR B 4y 15
e AR R LG, O R R — R o T A, P LA A B R 7 LA DA R 1 £
BRI, FERHERE R s S Y, ) B HAEE s BE e A . IF L,
BT HH ) 5GF TR BTV 3R A AR I S R 150325, B L A AH I I R A) 20 Wi ik
AR T LUR I Al 4 S A R

R IR )1 2 A0, XURE X G4t FE SO 1l 56 [ FDA 383t () M —m] AR k148 FEAX
I SR P SR 3 P M B 3 R AR A R S8 ™ s ) I A T 3 T A 2 K g R
) “abrviE” Y, O KR EBRIRR SR .

4 NWEE X LB EEN
4.1 IRIBEMNEIRMH L
4.1.1 LB/BEMIWEE X FHETEEN

IR E LA AR, 28 mERIR. HHE . IR XOJehl (s X 45,
s FLE R L ) . A TR RAE RS CRFERTR. A IE S HTEs . REEE
) LUK PC EMUAREAE R 4L o SRR X OBk B e — S L L, 7EHIHIR
AGIESE, HE AT LS RE T, BAEIT. T, el BoEEE
ZIY)RE, A BEAENGRS BN R4 5 5038 2 A0, W BEHE 0 A5 1B 2 R A .
U JUAE IR R (0 B R HESR 2 BEAS, A s gl i R
4.1.2 EB—ELL X BHEBEEN

TS B FE A S BRI PN AL 3 5 4 £ / 22 7 1 2 BE U = ASCRRALL, L pl 0 B 4R
O R S 1 AN 3 N = ST N N i NP R S B S W (e
Bl A, FR R B A S P A EAC, I AR, SR X S
A2 38 F 8 AR RS R AA B R e W . ek, 25 R TR g i 2 Je DR 4g 1if F
FURIRIT, R % 5 B A A T8 A

4.2 IRIFEWEE X FPEFEFTETE

X OCHUT = A0 X S St — AN LRz e n, & AT TG HE — M 20~140keV, AR
P X SPGB, BRI ST el i R By, B TGS AT R
T — e e T, AR R AL TR R, Hak R St X e
TAEM A K.

X IS NI, AR BE G X B2 = AR AN )RR B () e B o B e k. AR A i
Bt (40~50KeV) Xt 50 B 2 B N FEEAOGHAN, fEmRei B (80~100KeV)
TR R o 2ok SEIe T LRI, . ARPFIRER I X 5@ RN, 7Rkl b2z
BN, AR EERRK. H—BaWERE], RALZUE 35KeV BE& G i



722 CT it 5 N 9T 23 %

o, AL T5KeV Rei T SR 7 Pt . Rk, T B O BIRLEE X S 2
FEACI AT I X Rem— A 40 KeV Zid7 LA 80KeV Zidy o FHT i % BEAUIT AT FH I X 4 2 v
HMWRL, P X JEHIAMITE R, AAE X ST 268 % BEAEA R 1 m At TC TR (1 5
LBy 1.
FEARRURE X S 2RI 7V AT LR PR

(1) Kilgidygik. Sor iz e FHAN D K B SMBCRE XS X 5 e i T 1B BRI 98,
SEPLT S X R RR AR, BaE A 2. R L K S pEAE s T E, Widl (Ced.
2 (Sm) %%, s bocRE M. ilhn, MRYs3EEEH B (GE Lunar, Madison,
WD) BT AAT RS, WX X ZRERE I 80 kV 1w, 1™ A HAT ELLRE I 100 keV
)X £, FRRIAIM ool 20 R B0 i T K2 e e RS A T ) m ik T
SEIE 2 Ca) Pros BRSOV I R, 18 A A e I, AT 40 keV
R 70keV BT (il 2 (b) "HrR).

,,
(=2
=
T

- (@) i Lor

- E (h) I ,
. = - | 80 KeV
CEN N 0.8 ” 400 mg/cm?® Ce
or = A |
£ R
- 0.6
= H
= 10E = =
W TR - =
? - \l \ = E‘E 0.1F
Mk = F
= T iy
=1 ] 0.2t ‘
|
l |l 1 1 ! 1 1 1 1 1 O 1 |\ 1 ] "-/I 1 1 1
0 10 20 30 40 50 60 70 80 90 100 0 10 20 20 40 50 60 70 80 90 100
T keV Tk keV

B2 (2 Wdsosmaipofohse; (b Kidgidiks X SLkaeil
Fig.2 (a) Calculated mass attenuation coefficient (g,) for cerium rare—earth filter Cerium;

(b) (Ce)—filtered spectrum at 80 KeV in which photons were selectively attenuated just
above cerium’ s K-edge of 40.4 KeV (Data were provided by Lunar, Madison, WI)

K %3k vk ] LA R BSR4 PR RR e RE S X ST 2k, B — IR B R AT Sl AME A
BAG s AT R R (E A A BETE B mT UK, Sk X o T v T s A 1 9 o i R )
AR/, RN o X R MITR —wh, F Lo sm ol S SURSE IR IR X b FEL
wb, LRSS, RS BARI LUEEZ B T RS S35k, B TXURE X SRS RN 3R
135 2 A FH BRI 25 75 2 [R])— I () e 2 PR e s 1 X 9 4k, s (RREREATEL, IR R
HAEY SRR R

K 1G5 P00 N I 28 — M 2 g lfk il (NaDD gkt (CsDD S5 NARAAMRL A
AR R, XA RERG B X 28, A7 AR TN RRERE o o A 1A A X 6 [ 44
Ja G TROR i h AE T o MR 2B - AERL GE iDAX AR IR XURE X 5 Loy 2 JEAX L.

(2) FFelkii:. M Hologic AW (Waltham, MA) #2HY, I8 I3k s e 5 P F
[ R ERe ) X 2k, W, 7575 QDR-1000 Y, X Z64% m ik F4E 140 KeV F1 70 KeV
B, AN m AR, X SR A B 42 110 KeV F1 43 KeV 2 10 IR A X 5 2k Eilk,
W 31 IF SR T LA SRS e A R R AR OK (K T, ERE R RS AT, JFRT L



5 1 AR LA X ST e 2 AU AR R 4k 723

IR RTINS, R & S e M B AR RE AN R X S, DR RN 25 e 5 7 R
BT K ESR . R MEFE GG ZE PRI, RN B, IF HNEE A
I 1) 6] B i 2R A, DALRAIE PR BRG]

EH ORI OB R E, 75 A K Lof
FRIS LT L P ) I Se R ok
BAELTIE X BRI RE, T E R I
HE R RNE X R R AT R = oot
TSIk ph I R — o AT L
X 4 BMICAERN GS0. 4, XTI .
THAT AR o i TR0 e T L 0-2p
BRI, 0T LU SO 2 s 5 R A R Lo I
BURR=AEXURE X 52k 07 I E L PR eV
gggiﬁ?mﬁﬁﬁﬁ%%mﬁx%& 3 RRISIE I B i

Fig.3 X-ray spectrum using switching energy
4.3 RFEAWMARXFRSE

(D) 1MW SN G2 AGH 5O B S R4 (4 Hologic 1000W
A Lunar DPR™™), X 5k SR 2% 0 xb RS UE e L300, 75— OB e — MG & sk,
— UM B A BT A R A A, P S PR A A AL, BN
FAREAAEAEI T BN DL R HEABITBOR R, kA I 4 SRS i R, R SOR AU
FAH T RS R I K

(2) POdZEW: TEIgM WAl EE—0 583, Ml SEC A NSNS, 7ok
R RTER ~, E— e R R4 T R

(3) AR SR8 RN % AT AR R FH b R, BRSP4 7
T 77 1) B —HEER M 22 B2 %1 (i Hologic 4 500 FI Lunar Export) , 45445 8 47 55 %) 10~
30s, PG AR o B o R 28 B OR A, SR A R R AR,
e MR RE T DA B Kty BB o A8 B R 4 T o Bl TR R, R
FEAFAE ORI« OR 2 B A5 1) JUAE A5 J R AR AN I 2 o AELE B AT AR T LR 0 7, A
e AR AT AR

FUAT, Lo 85 B ACR ] 8 B T 77 20, — B G RI AT — AN B I AT 1%
Tl v AN A ) B A I T A R T st SR R R AR R K K
{HEAFAER B AR E A I8 O FEFIERIIZR AR AR 50 2 [MAEE B, Il 4 A7 AE
AN s @ W R T 1) AR BROR, M AR AP AR RO R B, I FLBOR B 5 w4 4
PLERA A 2V R © Wy B 7 ) R LR 11 77 18] b UG o AN A, 3 el & 1A
Ef T s @ BEZERIN 48 M DO RE— AN BRI SR e SE I R AL, DT BU LG AR ™ 4%

T BRI, XURE X 52t 2% FE A —FBCAR A I B2 (4 BMD FH BMC 19/l 5 45 S . BMC 78
X RN SR RS R Rk, SRR, B A B ok (RO 5 22
Z3REIE BMC FEAfTE . (HE BMD J& BMC S5THAR A LUAE,  PRIGAE b A4 b BMD 52 3 (1) 5% i)

B



724 CT it 5 N 9T 23 &

b, WEFCUEN], AR HOX RS [F T, BARANRE A, g R A
e i OF i B PRI D BT UR/AS W £ HETE o

GE Lunar BB~ i PRODIGY Z54 T 2E WA W PRI 7 X, B RIRE, X
Perm THRERE, oA MR

(4) HESCHIH: OB AUEE X S22 BEACK - HEIR X S SR E AT B 4, B P i “ 4k
AN X SRR, SR e PSRRI 2% . SRR X BRI GRRIEDI#E), —Ik
FSCG BI85 DX P 1) 4 3 B WU A A R AT A, R v B D, R A AU
HIMEF B, BUGBRLE . A ERTIIG T PR EZE ) . 5™ 5 ) ' U ) LA
S PIANTT 1) AR A TR S . ARG i ¥ B MEDILINK 23w [ OSTEOCORE3 %% &2
ASCRIYZE R DMS 23 ] ff) LEXXOX DR ‘%% £ 4% .

5 WEE X HEBEEMNKRKRLAREE
51 BHAmE

XURE X S ey 8 FEASRI R A A Ji T2 EEAR DA Xl 3~ 8 s 7 T

(1) X OCERMES A Sk 7 e REREAR G S FOE 7 B R s . H
B, A8 X S s REA0™ dh BN RO ) 2 R R AR ST RE R 0 BRI &, IXRERIN 4%
FERE R SRR GRS T Y, R AR ST 2RI TR P AR AN ] RE KD 134T {5 5 ARG
19BN 2 SR A f OE FUIRR RS 5o IXFRINES S ol AUARERIIES . IR AR ER I
AR RGNS . H TN ) S R AL (NaDD L (CsT) MIINRRARER
A%, FERRETT RIS v R R IR N RRAARERL, I Ae s 34k, Hrd
PP UAP R S R AR A R ET7 17, I e AR R #4555 . L)L, GE & w] ik
By b Lunar 1DAX 78 b AR 3 BEOR I A% A ] 1 Aol 4 EL BB P R BOR, BARME I 1 16l
PTEBRAS, (A BIR MG TR b, R

(AR, I s (CdTe). B4R (CZT). fiE (Si) FIEI{LER (GaAds), BT EREE
BIE, ASE TR RER AT X 3 Feit, I SEBLEA B4 fe 20 JER R 0] 2 HER 1)
BEME AR ™ 6T T AR 2% R RO gk s T A0 48 B R, €T DS it Rk
HLRATIX 5, $& =t SR AR 2

(2) B %5 BEAC A B0 #8 NERIN Spos (A 2508, T RLy ks B AR |
S B A7 RN 385 R T PR 45 o Sl P 10T AR 4 S I PR T (R XL e X S ey % M 2 4
TR RS .

H TS A SUREHE R 22k CCD R #%  (anshE OsteoSys EXA-3000). &k ARk
PR #s ClryZ[E MEDLINK OSTEOCOR 3) LA A A dr il AR #8300 #% (4n 3% & HOLOGIC Discovery).

TETAEIRER b, CCD M AR A A BRI 25 0 8 T TR BRI 2, A5 S WS S A PR
IR, BEFPRERE b sgm 7 RGE I HAAGHE . [, CCD #RMIE O&  /N TINERAA,
RIS 7 DG Ese b, WA s, MR T EGmE, H S EEG LT R R
B, AT R 2 R H X REHE AR S B R (B s AR AR P AR IR DN 25 5B 0% S5 4 by
JEXT BB B Oy AR (P e 2K, A2 H AT A R 22 g GE P WA TR
FMEAR, AR R e, XA IR AL, IAFE AR A i, 5



5 1 AR LA X ST e 2 AU AR R 4k 725

AT R, TS SRR LTS 4 (A8 1A R AR G vt vh - TR H (1 ) AL

AE P AR S A X e AERR R A AR S R EBEA T IR, R T BRI
BE . CERACPN A, RATRA A E o e, ERE, R AU, HBE N T
7, HBTE B — iR AE AL L35 L 73 AN 2% 18] 73 FE 2R H AR = PR~ B 6%

RGNS LLAN, AR URE X SR 2 IR BB O I A R R IR o) — T e KRR
EREAEAT MR wdhdier, TR BOR IR 230, il IR R Le R RN, ol
DRUEAE I BB AR M R IR [ X Zed, o R Ao i 8 LA 1R Rl A Jig s
W22 o [, TP BRI die F 208 3 BRI, B R B Jm 1 B AR5l SR
SR R ATE B AL, SER UM L, D SR

5.2 HHAE

BT R XS 1 8 BEAXR RN LT IE - FFIRSVA I 5835 . Bodia e (AN 58 45 25 4
T FEIER .

(1) REETRE LT U ALIE A — AN ity AN itk 58 36 O BTk in) . 1528
78 b A BB I REAT B, 98 b AR CHE A R T R 28 3, DA U SG A fg 2,
FARIS R, SRR, JEARRXBE X S ® S AR TT 12— o AHZ AU AL R
MAERAFAERUR  BORSE R, 2O G HGE ok, A RESE 4 sthia MY 2 I v
R IR A PSR I 5% (R S S 55, WU e I AN 205 L& 1) 1) L
EART S B3R SCE D' PR 5 W S SR 8 B2 ASCla 200 o A D S B T e, Y T v A 2 AR g ¥k g
AR L3t 58 U L IE -

(2) HATESE ey s T I e, ARSI, #7E) K 7 2 AL s,
BATERE . B, PRI IR 5 N ARSERR S DU P 2258, Bl T I (E B FAE
K A A T B R I Aok TR . DIE AT AR AN Fr g ot Ui, BRI 5
M AR R T 28I BENT,  BRH 2 FEREHE AR B 1. 0 g/em’, TSR R A
H50.88 g/cm’, WEAE/NTEA 0. 12, AUARMIEHIEEND 0. 014, Xk 24 I LA fe MR
IEREL 1136 FLAAIE™ o Meledh )y 5 4E W 5T 5 o o

(3) BERICLER IR NME, WICHEE B« TR TR DL 22 10 4 i) i D e AT
ity ZEHE P, MR XURE X S i ARG A I 2 52 21 5 PR M 25 R (0 s i
DL, X6 TSN IR 7 5 E I B By s L AT T AN R, g BEBRAE AR N A 2
Jiles, FEREAEE S TR N, ICRIBE A S BT LR R N )1 L RS
I HATHER L

(4) FE RS Wi ERGR RN T ZAEMIH ), A REXE R T DU B 0 e 1Y)
Mo PrEL, SNLIFIRHTEE NN A R 5 AR R R R 2y . X
LT PR 58 R NREI S22, Qs LA AN I

B, RO a E ORI R R ERR LAY %A A5 8 S TEREATIE N B 1, X
KORGS5, AW T IERE ™ JUk, 8 B A 38 . T [
AR AP 28, JE B BRI B 5 e . FEMR DY, RIKARZ, AT
WA, P EAF RIRE R R Ba 2. Wik, S EcR 1+
R s PSR P o AR R e S e P (N A Ry b BT T D225 T OT ha kb 78



726 CT it 5 N 9T 23 %

55e¥%.

WFFCRIL, IR T o R e T A B ™ s 2 AR 3 B e b
DKo R T DK R P B IR . 50 T R 2R R A O TR L (N e R
DU NI FEADOH JROZE L, S 39 S DX BRI () L S W T 2 2 i o "
3 3 0 5 R 2 i v S AR X SO N 3 FEBEAT WP, UEWASE . DO IR AT 5
HE L ZE A BEE, SR S LT U T R TR

53 Hftt77mE

B TREAE S BRAE I A, URE X S iy B B R A I R BV I T tAE AW A g . 4
oK, B DR I R B 2 R A R, AR 8 B2 R T R Al s S AE D e e, F
Jlgi st DRPRE S L DR A B2 2 DU 4 B iy RO <5 5 T T AR/ B AL . R Al 1
L DN AT RS e S PRE W R (A B 1 — NI, (HLD D PR TR B, T A (IR B
Frok, HEBAARZ MUN AN, G F a8 # NG R, i B2
AR BA R RS B3 B, AEVE 2 U IRAE IR AR I S B R O A L
DN AL T IR B DT (0 I0 B 7 0 AN S 36 ARG, 35 T (AT 58t 2 W RE 7 8 A
RRBSERI T Z

6 Tit5a%

Bt A A AR iy, AT R ZR OO R, )2 2 4E AR B 5 1Y
R H 220y, XURE X Sty 88 B D — i AR e PR ST 7 SO A 12 W (14
TBUR BRI Z (OEMEM . JFH, B TR ZEARE, T RER ) LH i BRI VE
BRSNS R LI IR RYE,  WTERRAR A N IR 4 1E F, 4l
RE AT I, PR LR AL 23 v S50 L3/ 3 E I R AT S EARAS s 25 L AR I
Ji T U AL TP I B, 6 JLEE B A IR B IR B SE B B 1, T A
Z I, RS LI RPN .

Fok, AEMETRE LR, AOWAE X M R RN R, BRI AR
B, H i RO IANR, b IR TR AN R S8 2 I N, 3 3R] Rl AT
(] A R A3 B 25 R AS AR . JF H, B R A I (0 4 R A A
—ERZER, 4 12%~15% " Rk, BMD WA R B A XRIE, ARk
BB e AN IS W e T, Al 2 F AN R 2R 5 R R s AR PR 0 2 5 SR T R
FELCRF IR IR EATRR €, (B ANF A 7 Z AR E H RS2 — A, @ 245 A 1]
eSS, g R R AL 1 STk

BEAh, AT A 1R R 8 B BB BN SEHE e, B RGO I, B A1 S ik
BRE IR 2, WA BAT [ Bn e E AV I3 & F N i 8 B 20 A (101 158 DM e A
BALEJEBE .

225 3Rk

[1] Kanis JA. Assessment of fracture risk and its application to screening for postmenopausal
osteoporosis: Synopsis of a WHO report[J]. Osteoporosis International, 1994, 4(6): 368-381.
(2] FEERETEESSE FRREPE AR PRES, B RmER E A ] R s



5 3t

PP URE X G AR £k 7217

[3]

(4]
(5]
(6]

(7]

(8]
[9]

[10] K

[11]

(12]

[13]

[14]

[15]

[16]

(17]

[18]

Zeid, 2009, 3(6): 151.

Board of China White Paper of China Foundation for the Promotion of Health Prevention and

Treatment of Osteoporosis. China White paper: Osteoporosis[J]. China Health Management

Journal, 2009, 3(6): 151.

i, JECCHE, WA RE. AT 2 U R A g [T ], AR AR A, 2007,

4(3): 206.

Fu J, Qi WJ, Yu WQ. Effect of chemotherapic drugs on the incidence of osteoporosis among

the patients with breast cancer[J]. Journal of Chinese Modern Imaging, 2007, 4(3): 206.

AT, EE N T]. RS, 1996, 3(2): 15-18.

Gu BL. Bone mineral densitometry[J]. International Medical Devices, 1996, 3(2): 15-18.

XBJE. B BugAAYE M. bt BHEHARAE, 1998, 397-398

Liu ZH. Osteoporosis[M]. Beijing: Science Press, 1998: 397-398.

Eddy DM, Johnston CC, Cummings SR, et al. Osteoporosis: Review of the evidence for prevention,

diagnosis, and treatment and cost—effectiveness analysis[J]. Osteoporosis International,

1998, 8.

RSO, Rk, FEEZE, . E EAAE SRR R ] P ELZERK, 2002, 18(12):

1065-1066.

Zhao WG, Zhang L, Cheng AG, et al. The development of osteoporosis diagnosis[J]. Clinical

Medicine of China, 2002, 18(12): 1065-1066.

Kanis JA, Melton LJ, Christiansen C, et al. Perspective: The diagnosis of osteoporosis[J].

Journal of Bone and Mineral Research, 1994, 9(11): 37-41.

Wds, RAEE B ACETER SR BT BURAAE P S LT]. IR AR, 2009, 26(3) :

155-157.

Yu J, Yu XF. Applications of metabolic markers and bone mineral density in diagnosis and

treatment of osteoporosis[J]. Journal of Clinical Internal Medicine, 2009, 26(3): 155-157.
BEe, MRS, B EAA RIS ST IRESNT ], 2RE%, 2000, 6(10): 44-49.

Qiu GX, Lin SQ. Analysis of osteoporosis misdiagnosis[J]. Journal of China Contemporary

Medicine, 2000, 6(10): 44-49.

M, FEA, N, & Z-ER THEAEE S R R SCT]. R A AR, 2003, 9(3) ¢

271-272.

Xiang Q, Li CY, Su N, et al. The significance of Z-score and T-score in bone mineral

densitometry[J]. Chinese Journal of Osteoporosis, 2003, 9(3): 271-272.

Kanis JA, Melton LJ, Christiansen C, et al. The diagnosis of osteoporosis[J]. Journal of

Bone and Mineral Research, 1994, 9(8): 1137-1141.

ds, ek, XULJE. B BUSE S WS AE R (J]. R s s 2 A&, 2010, 16(2):

151-156.

He T, Yang DZ, Liu ZH. Osteoporosis diagnostic criterialJ]. Chinese Journal of Osteoporosis,

2010, 16(2): 151-156.

R, RREH, BRANT. ZHENE TG R ARG [C]/ /58 = Jm 4 i AU A 5% B I = i

LW, kg 1996: 9.

Zhu HM, Zhu XY, Chen XP, et al. Discussion of incidence of osteoporosis of the

0ld[C]//Proceedings of the Third National Seminar of Bone Metabolism and Bone Mineral

Densitometry, Shanghai: 1996: 9.

Peck WA, Burckhardt P, Christiansen C, et al. Consensus development conference—diagnosis,

prophylaxis, and treatment of osteoporosis[J]. The Amirican Journal of Medicine, 1993, 94 (6) :

646—650.

TR, ARk, ZEE. BEENESWE AT (J]. PR EEGRIGE, 2004, 12(3) :

46-49.

Ding 7Z, Zhu ZH, Li GY. Review of the study of bone mineral densitometry in diagnosis of

osteoporosis[J]. Chinese Journal of Traditional Medical Traumatology & Orthopedics, 2004,

12(3): 46-49

Marshall D, Johnell O, Wedel H. Meta—analysis of how well measures of bone mineral density

predict occurrence of osteoporotic fractures[J]. British Medical Journal, 1996, 312(7041):

1254-1259.

Jones T, Davie MW. Bone mineral density at distal forearm can identify patients with



728 CT Hit 5 N WY 23 %
osteoporosis at spine or femoral neck[J]. The Journal of Rheumatology, 1998, 37(5): 539-543.

[19] k24, TR, & %ENESARSE S R 0N I P EEFEA A&, 2007, 13(11):
818-820.

Zhang MH, Wang BL. Assessment of bone mineral density measurement techniques for the
diagnosis of osteoporosis[J]. Chinese Journal of Osteoporosis, 2007, 13(11): 818-820

[20] Bottse, SFAME, S0k oA SWEoR R [J]. SMREE, 2001, 7(1): 18-21.

Sun YG, Luo XZ, Ruan XY. The development of osteoporosis diagnosis[J]. China Contemporary
Medicine, 2000, 7(1): 18-21.

[21] Ryan PJ, Blake GM, Fogelman I. Measurement of forearm bone mineral density in normal women
by dual energy X-ray absorptiometry[J]. British Journal of Radiology, 1992, 65: 127-131.

[22] Ravn P, Overgaard K, Huang C, et al. Comparison of bone densitometry of the phalanges, distal
forearm and axial skeleton in early postmenopausal women participating in the EPIC study[J].
Osteoporosis International, 1996, 6: 308-313.

[23] Nieves JW, Cosman F, Mars C, et al. Comparative assessment of bone mineral density of the
forearm using single photon and dual X-ray absorptiometry[J]. Calcified Tissue International,
1992, 51: 352-355

[24] Grampp S, Genant HK, Mathur A, et al. Comparisons of noninvasive bone mineral measurements
in assessing age-related loss, fracture discrimination, and diagnostic classification[]J].
Journal of Bone and Mineral Research, 1997, 12(5): 697-711.

[25] Mazess RB, Peppler WW, Chestnut CH, et al. Total body bone mineral and lean mass by dual-photon
absorptiometry. II[J]. Comparison with Total Body Calcium by Neutron Activation Analysis
Calcified Tissue International, 1981, 33: 361-363

[26] Blake GM, Wahner HW, Fogelman I. Evaluation of osteoporosis[M]. Informa Health Care, 1998.

[27] Pietrobelli C, Formica Z. Wang SB. Heymsfield, Dual-energy absorptiometry body composition
model: review of physical concepts[J]. American Journal of Physiology, 1996, 271(6):
E941-E951.

[28] Dinten JM, Robert—coutant C, Darboux M. Dual—energy X-ray absorptiometry using 2D digital
radiography detector: Application to bone densitometry[C]//Medical Imaging 2001.
International Society for Optics and Photonics, 2001: 459-468.

[29] MaRom, AL AR X RRBak i S O IR B AT [J]. RiRAE % TR, 2001, 22(4) @ 48-49.
Xiao JQ, Wang H. A preliminary analysis of the bone densitometer of dual energy X-ray
absorptiometry[J]. Shanghai Journal of Biomedical Engineering, 2001, 22(4): 48-49.

[30] Williams DE, Mason RL. Bone density measurements in vivo[J]. Science, 1962, 138(3536) : 39-40.

[31] KA, SRME, Z4EHE HHEETLTNERAR BRI, FfE, 1993, 6(3): 189.

Song QX, Jin YH, Peng HS. The recent advances of non-destructive test technique on bone
mineral density[J]. Journal of Isotopes, 1993, 6(3):189

[32] Cardinal HN, Fenster A. An accurate method for direct dual—energy calibration and
decomposition[J]. Medical Physics, 1990, 17(3): 327-341.

[33] BAAaK. MAEE X LBGE A P8 La MR EG I — R BN EE 7775 D], 7622 7224850
K2, 1988: 66270.

Wu BG. Decomposition algorithm for soft—tissue only image with dual energy radiograph[[D]
Xi’an: Xi’an JiaoTong University, 1988: 66270

[34] 5k, BRIUm, B4, & WhEeE X LT HERG R LB BEHARWNSILT]. APk
TR AR, 2004, 21(2): 280-283.

Zhang F, Chen ZC, Deng ZS, et al. Digital fluoroscopy imaging system with dual energy X-ray
image decomposition[J]. Journal of Biomedical Engineering, 2004, 21(2): 280-283

[35] MR, R oROOURE X B2 4 B v ot (D], AR FEFRERAR K, 2009: 13.

Hen MC. Study on bone density measurements with fan—beam dual energy X-ray sources[D]. Hefei:
University of Science and Technology of China, 2009: 13

[36] Kiebzak GM, Leamy LJ, Pierson LM, et al. Measurement precision of body composition variables
using the lunar DPX-L densitometer[J]. Journal of Clinical Densitometry, 2000, 3(1): 35-41.

[37] Chen R. Precision of the measurement of body composition using dual-energy X-ray
absoptiometry[J]. Chinese Journal Osteoporosis, 2007, 13(4): 272-273.

[38] Peppler WW, Mazess RB. Total body bone mineral and lean body mass by dual-photon

absorptiometry[J]. Calcified tissue international, 1981, 33(1): 353-359



5 1 ZAE . BURE X S8 A B R R gk 729

[39] Wahner HW, Dunn WL, Mazess RB, et al. Dual—-photon Gd—153 absorptiometry of bone[J]. Radiology,
1985, 156(1): 203-206.

[40] M, 42, XK. MEE X el A RN ETEgES RN T, E R, 2008,
29(1) : 12-16.

Zhou Q, Niu J, Liu X. Application of DXA to body composition measurement in sports medicinel[J].
Sport Science Research, 2008, 29(1): 12-16.

[41] K, ZEPME, 5K3E. Lunar DPX—L WAeE % FEACR ok [J]. By DA%, 2009, 30(7): 71-72.
Yang B, Yuan Z7Q, Zhang M. Improvement of lunar DPX-L dual energy X-ray absorptiometry
equipment[J]. Chinese Medical Equipment Journal, 2009, 30(7): 71-72.

[42] Roubenoff R, Kehayias JJ, Dawson-Hughes B, et al. Use of dual-energy X-ray absorptiometry
in body—composition studies: Not yet a’ gold standard[J]. The American Journal of Clinical
Nutrition (USA), 1993: 589.

[43] Tataranni PA, Ravussin E. Use of dual-energy X-ray absorptiometry in obese individuals[J].
The American Journal of Clinical Nutrition, 1995, 62(4): 732.

[44] Fogelman I, Blake GM. Different approaches to bone densitometry[J]. Journal of Nuclear
Medicine, 2000, 41(12): 2015-2025.

[45] KRR, HES, BRPI, & WEE X i BNEmR]. B FFE58RNEA, 1998, 18(2):
85-88.

Zhu JJ, Ma CX, Chen Y, et al. DEXA: A study of measurement and instrument[J]. Nuclear
Electronics & Detection Technology, 1998, 18(2): 85-88.

[46] Pietrobelli A, Formica C, Wang Z, et al. Dual-energy X-ray absorptiometry body composition
model: Review of physical concepts[J]. American Journal of Physiology-Endocrinology and
Metabolism, 1996, 34(6): E941.

[47] CroMer DT, Waber JT. Atomic scattering factors for X-rays[J]. International Tables for X-ray
Crystallography, 1974, 4: T71-147.

[48] Ruetsche AG, Lippuner K, Jaeger P, et al. Differences between dual X-ray absorptiometry using
pencil beam and fan beam modes and their determinants in vivo and in vitro[J]. Journal of
Clinical Densitometry, 2000, 3(2): 157-166.

[49] x¥EsC, BEToG, BWiE, 5. PIFOSEE X Zemoford i s B SO i B ) RrRG o B A R AR L [ ).
o RBAA YA, 2003, 9(3): 205-210.

Liu HW, Liao EY, Dai RC, et al. Comparison of sensitivity and precision between two
dual—energy X-ray absorptiometers in bone models[J]. Chinese Journal of Osteoporosis, 2003,
9(3): 205-210.

[50] ¥hik. feilk CT B RG v SEAD]. Jbat: R, 2013
Shen L. The design and reconstruction of spectrum CT image system[D]. Beijing: Tsinghua
University, 2013: 1.

(61] #pEh, %%, w%ENENHF LA, B EE Rgia2¢E, 2000, 6(1): 14-18.

Yang DZ, An Z. Some problems on application of bone densitometry[J]. Chinese Journal of
Osteoporosis, 2000, 6(1): 14-18.

[62] kifwa, B, SCT % B0 ERT 1], P EET MG, 2010, 16(4): 14-16.
Zhang JH, Yin HJ. The discussion about the accuracy of bone densitometer[J]. China Medical
Devices Information, 2010, 16(4): 14-16.

[63] BHERME, #Rik B, MRgfh, 5 R ARG &% B A AR [J]. mMBEgy, 1997,
18(5) : 323-324.

Ming QH, Xu RC, Lin JW, et al. Inquiry of circadian rhythms of human radius and ulna bone
mineral density in kunming district[J]. Medicine and Pharmacy of Yunnan, 1997, 18(5):
323-324.

[54] Mg, ZET7H. =MHLX 794 iR N B8 B e 25 R i [J]. PRIbE BT EE 224, 2000, 21(1):
55-56.

Xiao J, Jiang NX. Analysis on the bone density value of 794 healthy people lived in lanzhou
arealJ]. Medical Journal of National Defending Forces in Northwest China, 2000, 21 (1) : 55-56.

[55] A BN EHEEMRHEELT]. AILRIREZBAR, 2002, 3(6): 433-434.

Huang XF. The advance of national bone mineral density[J]. Journal of Youjiang Medical
University for Nationalities, 2002, 3(6): 433-434.
[66] ZE/Kil, ZidvZE. HgdhX 675 HI4EN P I S R RPSAS AW 4B % FEDE [T]. Bramiedl



730 CT FEiE 5 N H WY 23 &

KEsrAR, 1998, 21(3): 233-235.

Qin YD, Zuo XK. Measurement of two—dimensional bone density at the juncture of radius and
ulna in 675 Uygur and Han cases in Xinjiang[J]. Journal of Xinjiang Medical University, 1998,
21(3): 233-235.

[67] WRar, MmRLE, FEIE. SRS Hm R X SN S % e 288 BIHEJ]. W HEHIE,
1999, 31(6): 361-362.

Na S, Yang LJ, Zhai MQ. Measurement of bone mineral density in mongol and han in Erdos highland
and pastoral areas[J]. Inner Mongolia Medical Journal, 1999, 31(6): 361-362.

[58] Pierson Jr RN, Wang J, Thornton JC, et al. Bone mineral and body fat measurements by two
absorptiometry systems: Comparisons with neutron activation analysis[J]. Calcified Tissue
International, 1995, 56(2): 93-98.

[59] Mazess RB, Trempe JA, Bisek JP, et al. Calibration of dual-energy X-ray absorptiometry for
bone density[J]. Journal of Bone and Mineral Research, 1991, 6(8): 799-806.

[60] Morita R, Orimo H, Yamamoto I, et al. Some problems of dual energy X-ray absorptiometry in
clinical uselJ]. Osteoporosis International, 1993, (S1): S87-90.

Review of Developments of the Dual Energy
X-ray Absorptiometry Techniques

LI Chan®, LI Liang™", CHEN Zhi-giang™"*

a).Department of Engineering Physics, b).Key Laboratory of Particle & Radiation Imaging
(Tsinghua University), Ministry of Education, Tsinghua University; Beijing 100084, China

Abstract: Due to the serious increasing of osteoporosis, how to obtain accurate bone mineral density has arouse
greater attention all over the world. With the development of medical technology, dual energy X-ray
absorptiometry is widely applied in the diagnosis of osteoporosis because of its accuracy, low dose and variety. In
this paper, we state the concept of bone mineral density, and summarize the methods and the sites of measurement
in clinical diagnose of osteoporosis. It focuses on the fundamentals of dual energy X-ray absorptiometry, explores
in great depth the key techniques, and elaborates current problems and limitation in both hard ware and software.
Accordingly, this paper also discusses and predicts the future development tendency of dual energy X-ray
absorptiometry’s future development and improvement.
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