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EEN CTEHICED2EXHEEOEEATE —HmEmEAEOTFE—
G #2

SHBEOSMICIE, FRAEEE (BMD) ORMEFSSHETH 3. KHBECT &
(pQCT) i, —EI 2/ILF¥— X BIRAIEE (DXA) LEELY, #FELLYUOBMD K
Bohadll, BEBLEEEOBMD 298l TRIETE S &, HREENFDHEWVT
EX, MEREFBFEEREBNAEAMEDE®, BEEREALLTCEREZATY
3. FFETIE, pQCT CLHBEERBEDEHZHFL L.

pQCT 3B (2 3 Densiscan-1000 (ScancoMedical AG) #{FH L, & BMD (=il
DiE#RE BMD (rD50), BEMUIOBHEE & HE B % 61 /- BMD (rD100) & &8E
BMD (rP100)) & & UEE BMD (BE{IEBOE#HE BMD (tD50), EERIAOERE
EHEEEHE /- BMD (1D100)) FEIEL .

BaHic, pQCT (CEWHIE S NAEEE (22~44m, BH1078), ki47851) OFEE
HEUEE BMD (1, Sie# (60mLl L, BM1781, %i4266)) SWLERBICEETHY,
MEEOBERVEES, EBESICDFUBELY SERIENFSFRTH > HEICD
Wi, SREETCEBMAOThOBLOBMD (LW THEMLUERICEBETH > .
pQCT THIE X h /=45 BMD (i DXA TRIFE S h -E#, BESLIUVABREREREO
BMD ¢ HE (§~T p<0.001) OEMEERL, EHBMD & (4 rD50DHEM (r=
0.688) PELRIFTH /. REMBHBEOZHEETED Sh-FHBEOZH—
BE% DXA & pQCT TH& L /=& Z 3, kappascore (£0.31~0.59T& - /z. #&ERF
OFEEOBRIGEC >V TIE rD50, rD100, rP100AIED ROC FTEEIZIZIERZETH > 7.

2E@ pQCT (- & 8B H LIRS BMD O in vive DRIEDHER, INESICHES BMD
DMWY HEMB 213 DSODBELEL T/ &7, D50iE DXA (C K 2 EH BMD & 48R
FRIFTHY, LENLFHEDBMD # R T 3Rk REh /-, BHDXA LEBE
pQCT (& 2 BHBEOZH—HEIX, PEEO—HFEZELTHY, BENFAEL M
Faht WTFhICLTH pQCT IC L2 BETEISEES BMD £ FEE BMD LDV T
DERESATC MDA -V EFETHDEPRENE CEHL114E 4 H 8 HAZ)

Bone Mineral Density Measurements Using Peripheral Quantitative
Computed Tomography (pQCT) —An Evaluation of Its Clinical Utility—

Yoshiyuki IMAI
Bone densitometry has become a major tool for the risk assessment of osteoporosis. Peripheral

quantitative computed tomography (pQCT) has the potential to measure true volumetric bone
mineral density (BMD, g/cm?) separating cortical and trabecular BMD. The most widely used

HEERRY BB EES) Department of Nuclear Medicine, Kawasaki Medical School |
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dual-energy X-ray absorptiometry (DXA) provides areal BMD (mg/cm?® ). The purpose of this
study was to clarify the clinical usefulness of pQCT as a method for bone mineral measurement.

The pQCT measurements were carried out at the ultradistal- and mid-radius and the tibia using
a Densiscan—1000 (Scanco Medical AG). In both sexes, radial and tibial BMDs in the elderly
group (aged more than 60 y.0., 17 men, and 26 women) were significantly lower than those in
the young group (aged 20-44 y.o., 107 men and 78 women). The percent difference between
the two groups was the greatest in trabecular BMD (D50). As to the sex-related difference, the
mean values of radial and tibial BMD in men were significantly higher than in women in elderly
groups,

The radial BMDs measured by pQCT correlated significantly with BMDs in the lumbar spine,
radius and femoral neck measured by DXA (p <(.001). Lumbar BMD measured by DXA
showed the highest correlation to rD50 measured by pQCT. Diagnostic ability of pQCT and DXA
to detect osteoporosis was determined by comparing BMD measurements. Kappa statistics showed
that in general the diagnostic agreement between these measurements was fair or moderate. The
discriminative ability of these methods for vertebral fracture was assessed by receiver operating
characteristic (ROC) analysis. The areas under the ROC curves were (.68, 0.71, 0.69 and 0.78
for D5(), D100, P100 and L-BMD, respectively.

These results indicate that BMD measurements made by pQCT can provide information
regarding both trabecular and cortical BMD, and that this method has potential for the diagnosis and
management of osteoporosis. (Accepted on April 8, 1999) Kawasaki Igakkaishi 25(1) 0 25-33, 1999

Key Words (1) Peripheral quantitative computed tomography (pQCT)
(@ Bone densitometry @ Osteoporosis
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OEFRCBCTIENE FEoEm e LThER
FohTwaY, LaL, DXA TIZEDEH
EE (bone mineral density, BMD) Tid& {, ™
B0 @ BMD (g/em?) HELREL9
BOF AL ZORNMIELEERITDB. T2,
RS b B EUE % P27 integral 2 BMD %%l
EEN, WEZSHELTHRITT 52 LD TE
THHLI LG EORAEFET LY. ZhIZHL
T, QCT i, HAAFELY/ ) OED BMD (g/
cm’) OBIEMNWEET, T, EEELERE
DR % @ BMD I EA T e TH AR LA H SN,
LA L, EHrHIEMHREE TS5 QCT I, #ilE
HEAPLPART, HREMELERNEL, £
M ALVEF—OXBEEHTZERED
QCT Ti2BMD A FHM P ORBEICHES
NABREDPESNTWAEY, 22T, IhHo
REAEIE S W 72K 5 EH O QCT (peripheral
QCT, pQCT) A BHFE S Y- EEFR S
Tw5, BEH:o QCT TIXE B2 Hi Ao CT &
BAERH SR TWADIZ%8 L, pQCT TIXHH
O CTREBAFHEINLS, I8 FThHD,
WREARE AP {, BB O IMEREA
RIFTHBHIEARDHENTWAEY, Lal,
pQCT D FHEAE QGBI BT A BRIKIEH (2

FToM|ERSLWTN, 22T, KFATHE
pQCT # 8 (Densiscan-1000) (2 & A K iH &

BMD Ml OBERERIZOVTHILIZOT
g 5.

75 &

(1) BMD Dl
1) pQCT |2 X A48 5 & UIEH o BMD {ll &
pQCT 12 & A#E B X UEE @ BMD il £ |2
|3, Densiscan-1000 (ScancoMedical AG, Bassers-
dolf, Z 4 &) ¥ &{FH L7-. Densiscan-10004Z
LAz, FTRERLO scout view & Hilf:
%, S BIENTE L reference line #FEET H. K
W, ERETIE6mm, KETIX19mm gEhz
WEEEIELT, AT AB1Imm, AF4
ZHE1L.5mm TR T A AZAF Yy T 5.

BlEsi i, BT CIZ2.omm NS HE
6 ATAARAFY T A.

DDA T A A » b RN RO E D A
» BMD (D50) &, iE#EB L UCRER %
#7: BMD (D100) #3865, KDE6AFA
A SEHBOEE LTEHES® BMD (P100)
AELNE.

Densiscan-100012 & % 7 AE1X0.2 mm Ta
0, invivo @ il % & K 3 CV =0.48 %",
BMC & Ik EROMMED LM N MED
TREE: r =0.976 (SEE =10.75%) TH 5",
2) DXAIZ X % 8HE, #5B X OVKRBUVE S

BMD Oill &

fiE Ht BMD (L-BMD)
QDR-2000 (Hologic, Waltham, 7 X 1 #) 2V
efEEHLUTHIE L, 7F— 2 PEEH# S
ST, 82 ~ 4 fEHED I BMD # Rt (it
L7 WEHEIZCV =2.3%Th 5.

#/% BMD (R-BMD) X DXA¥BETH 5
DCS-600 (Aloka, #H, HA)Z & L7,
FEIRATIZR G EIRER» S E TORBE
DEh1/3ERE T Y, profile scan (I THEEEE
@ BMD ZillE L. lEEEILL23%Thb,

FBAE S BMD (F-BMD) (3 QDR-2000%
BT, #HREOL T % AEEIZMER
TRIZELL. NEHEIT2%THE.

(2) ERVESHLEAE O B

ER P BRI OB H AT HEE,S
R ENERETHEEOZRIIERE (19964
EEZTH) P Ic L » 7. 2F b, BEEEEFHER
fE EARML L 22 B R A, MR OHERE
a e 541213 BMD 2S5 EE AL EDF
¥ BMD (young adult mean, YAM) ®D80% i
DHES, HEEHERDSHVIEEICIEYAM D
0% K OREMZ, BHERIE LB L7z,

(3) HemEoHE

Mefh g iR e, M - EHEOEIE X @7 1
VAEFHWTIT-72%, 2F ), HEEOHIHES
A), g (C) &R (P) Zahl .U)
C/A,C/P @320, 885, otk (2) A
P#%0. 75RO BT L HE L. meQ

I DXAHETH B
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OEFELIEITMNOA, C, P LDELDIAY
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(1) pQCTIZ X WiME S hi-BE B L UKY
BMD DinigZE 1k & =D RE
EER (20~445%) 18561 (BHE10761 (24.9
+3.9%, ¥+ SD), KMHT8H (25.0 4.8
) &, BEE (60l L) 438 (BHE176)
(71.2+6.55%) ., 26 (71.4+6.85%) ) %

& LT, BE D50 (iD50), D100 (rD100),

P100 (rP100) & fE B D50 (tD50), D100 (tD
100) DIEEC & AR L L W F BT L7z,
2 B DA EEREICIT Student t HEE H
AEKEZS%E LT,

(2) pQCT I X D Wl E s h /2% F BMD &
DXAZ £ W Il % & v 7z L-BMD, R-
BMD % X (¥ F-BMD L @33

pQCT (2 & il s 1 /-#F BMD (1D50,

D100, rP100) & DXA {2 X Y ifllE S 7z L-
BMD, R-BMD 3 X (¥ F-BMD D AHBIE, it
4861 (22~758%, 55.1+15.18%) THET L7,
FEALE @ BMD O AHBI#RE 2 K, Fisher @
ZERMEEFRCCTEOEESE 2 L.

(3) pQCTIZ & il S /- %F BMD fi 12
LAEMBEOBWES X UHATIIO
A RE DR

E48f] (22~75/%, 55.1%15.1&) %

12 pQCT (2 & 9 {fllE S h7-#F BMD (rD50,

rD100, rP100) fi L DXA I X hillE S L-
BMD, R-BMD, F-BMD i & & HEED S
HER L UHER BT OB T MET L, £ 7,

HASHFEOBHEEICESWTEMEE
OB EATTHEE 2F 0D, DXAIZKD
YAM D70% i D BMD % BB & L7355
BE0ZMEL, pQCT HlERREHWEEL
L#Ema L &b, pOCT OfEE YAM ik
Densiscan-10001- & A#ER AL (20~445%)
78613y BMD fH & L 7=, BBHTRED ILERITIT,

(3254 %1% 1999)

B, BHEE, -ty b—3FEE L Fkappa
score % Fi Vs 7. kappa score |3 — S FE ) ERAE 12
HWHnAEET, —HEOBS LOHIRIZD
VT 1Z0. 00 & iflf 1 poor agreement, 0.00~0.20
{% slight, 0.21~0.4013 fair, 0.41~0.60(3 mo-
derate, 0.61~~0.80id substantial, 0.81~1.00{Z
almost perfect & U723, JkiZ, #EFHOHE
DOk BBEx, pQCT (2 X Z2#F BMD H#ll &€ &
DXA {Z X A L-BMD, R-BMD 3 X f F-BMD
HE & B LAz, #BIsE O B receiver
operating characteristic (ROC) A7 &= H v 7.
ROC THfE (Az) DEHE ZOHFEEREIS
ik, Metz 5DB% L7V 7 b (ROCKIT) %M
et R

= »

(1) pQCTIZL D MESNEEBLURE
BMD D lEizefb & 12

B TIE, D50, D100, rP100, D503 X
K DI0DWFN S EHEFICH L THEIDRE
TH-oi: (Table 1). FHFHEFFO BMD % FHE(Z
LG EOEREIZEITS BMD O ML ELY
Table 2 {2777, Bk bilEgT-IERFD
HBE A ER O iR E BMD (D50, tD50) @A
EAREWZEHRans, T4, THIEER
IZHRTHEAPFENERTH 7.

HEIZoWTIE, EHEHTIL D50, (DS,
DINTHUOFFFEICHEZELL (£h
#Fh BMD ® 3% 120.073 (p <0.0001), 0.088
(p <0.0001), 0.062 (p <0.0001)). L7 L,
DIOTIIHAMIZIZEERELEZIALNRT, P
100 TR IO FIBICAEICEBEER LI CF
¥7£0.067 (p =0.0002)). —F, WEETIL,
WEROEEMO BMD BT H BENEEIC
EfE% R L7z (Table 1),

(2) pQCTIZ L A#E BMD £ DXAIZX AL

-BMD, R-BMD ¥ & Uf F-BMD & d#HE8

pQCT iZ & % # & BMD (rD50, D100 & P
100) & DXA {Z X A L-BMD, R-BMD, F-
BMD ®#HR§ % Table 3 {273, rD50, D100,
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Table 1.

DR CT 342 L 2K E o4 2ille

Age-and sex-related differences in radial and tibial BMDs measured by pQCT

Sex-related
Women Men Differences
(g/cm?) (g/em?) p values
rD50 0.254+0.063* 0.327=0.057* <0.0001
rD100 0.594+0.087* 0.615x0.084%* 0.1280
Young
rP100 1.339X£0.118* 1.273+0.102* 0.0002
Group
tD50 0.288£0.053* 0.376+0.062* <0.0001
tD100 0.572+0.073* 0.634x0.081% <0.0001
rD50 0.140£0.063 0.2374+0.083 <0.0001
rD100 0.413+0.091 0.497+0.123 0.0139
Elderly
G rP100 0.966+0.143 1.103£0.144 0.0039
roup
tD50 0.169x£0.070 0.230+0.069 0.0144
tD100 0.398L£0.072 0.477+0.099 0.0090

29

In both sexes, radial and tibial BMDs significantly decreased in elderly group (* p <0.0001, young
group vs elderly group) .
Values are shown as means + SD.

Table 2. The percent change in BMD between young and
elderly groups

Percent Change of BMD

Y
pQCT |2 L 25 BMD ¢ B BB ED
FWEE X, DXA TillE S L/: L-BMD {i & 3

Homen e # e L7 E, DSODRKEIR92.3%, BRER
x1p -44.9 2B 59.1%, D1000)RSEEIX88.5%, 1SR I168.2%,
rD100 -30.5 -19.2 P100OD ERLIX46.2%, FFEEII86.4% THh o 7.
rP100 -27.9 -13.4 R-BMD # 2 2 /=34, D50D &R ({396.0
tD50 413 .38.8 %, $FRE1360.9%, D100 & FE 1X88. 0%,
D100 B G YRR EEIX65.2%, PLOODIKELIL60.0%, HiRE

1£100%, F-BMD ### > L2384, D50DE
BEI394.4%, &R P 1246.7%, D100 O & B (X
88.9%, HFREEIX53.3%, PLOOD |55, 6%,
FREII8.3%TH -7z, —kr b—HEE

P100 & L-BMD, R-BMD $ L (FF-BMD & &
Bz, WFhdBHE (p<0.001) OEFEA
Bohi. DXAICKD@lEshioBEHo
BMD {22 T lt, L-BMD & |t D
50(r =0.688), R-BMD & (I rP100
(r=0.855), F-BMD & (I D50 (r

Table 3. Cormelations between L-BMD, R-BMD, F-BMD and D-50, D100,
P100 in women

=(0.715) #%5, WihbdFED BIFA rD50 rD100 rP100
*EE&%:RL?‘:. &59 *HHQWQ&FEHL: (g}rcma) (gfcm“‘) (g‘;cmg}
AEMEA LG/ T/, R : - - -
_BMD & P100454C OB 3 & L-BMD (g/cm?) 0.688 0.523 0.470
ThROMERESEETH - 2. R-BMD (g/cm?) 0.741* 0.723* 0.855%
(3) pQCT 2L W HE S NZBE  p MD (gfem?) 0.715%  0.639%*  0.669*

BMD f{Z & 2 BHMBEDZ
Wi RE 5 & UVHE A8 37 o0 38k 51 gk

n =48, "P <0.001
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Table 4. Diagnostic agreement of osteoporosis between different BMD
measurements % §
Percent Kappa | 95% CI for
agreement score Kappa score o <
pQCT 13ffi4 D EEEREDH B,
L-BMD| D50 T77.1 0.563 0.29-0.76 gEGE AL L plr BT A \
rD100|  79.2 057 | 034081 | A &fﬁf”g'fl’f%jf%n
rP100 64.6 0.31 0.08-055 | PBMD 2§55 & TEL I &,
R-BMD| D 79.2 0.58 0.36-0.80 A BMO 0 SiLR D0 DR
- 50 2 - .db-U. ! . .
100|771 054 | 030077 | CHEELRZEY A XOKMILS
rP100 79.2 0.59 0.38-0.80 | B ZiHzC w2k, 1 HOKRE
= - 5 N frndich -
F-BMD| +D50 64.6 0.35 | 0.15.056 | CiE#HEEEAFRF D BMD <M
rD100 66.7 0.37 0.15-0.60 TAHAERERLIEBTELRED

CI, confidence interval

B, EWNTHEMMITRES pQCT

& TF kappa score Tid L-BMD # % {3 R-BMD
THH L7384 L, pQCT 12 L 5 BMD T3
Li:Ha e oM, PHEEOZH T/ ED
5417z (Table 4),

pQCT |2 X 2 42F BMD M52 12 X A HE A4
D BOFFNEE % BT L 7= ROC fi#i % Figure
11279 . D50, D100, rP100® ROC TF @&
X F RN Eh0.685, 0.708, 0.692T &L
FEZIH LMY, DXAIZ X 2 EH BMD @
0.778IZ b XEETH - 7= (p fE X D50, D
100, rP100@NEIZ, 0.059, 0.039, 0.101).

¥ & (X, XCT-960 (Norland/Stratec #t, Birkenfeld,
FA ) % Densiscan-10000 2 FE{TH 5. Fi
ETEMEICE—-2F7 4 AABERATHED
R L, FRMEHCHVABEE, VT AT
A AEMRHENT VA, BIF2HBME
BohasLELZLRTVAEY, JIEDIEERE,
EHEEETOIASLVELO—HEEZTRT L
NDTH5HH, pQCT HEDREDIEMREIX, H
BfITlEr =0.976 (SEE =10.75%) L& T
RIFTH A, ZdLIHIZ, pQCT 2 (Den-
siscan—1000) (3P ERE & W E O IEHED B

1.0 / P 7 W
0.8 i
AL
£ 06 / # —o— D50
= / Jé — = DIOO0
§ 0.4 /’/ —— P100
) ——— L-BMD
A
oo Ad
47
a%o 0.2 0.4 0.6 0.8 1.0
1-specificity
Fig. 1. Receiver operating characteristic (ROC) curves for radial BMD (rD50. rD100, rP100)

measured by pQCT and lumbar BMD measured by DXA.
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ThHOTHEHBEEDZHOIh, BABRSERP
BEDEOHELR SICHFEEshTVA,

pQCT % Cifll 22 L 7285 BMD O sk
[2 2w, Miiller 5% (% Densiscan-1000 % F \»
7z 2 E OFMEBTRRET 5, KHEHTERAREE
BICERLEERL RO EREL TS,
F 7o, Gati 5272 X B XCT-960% H v 7=l
FIFTZE T & INEsIcfE 5 BMD O T HHFE S h
TWwh., FEFE T, BRMEEETLE bIZESF
BICHLTEES L CKE0ERE, KEdE0
BMD ASEBIZIRMETH S Z LRI NT. §F
{2, D50, tD507%rD100, rP100, tD1C0L D &
BARSBKE Do 2%, FOHBTEREIFE
RO ELro BMD (D50) ik, IRz b
EERIVEEEVFEAOIMNE (P10} H 5
ViETE E 23R (D100) & D b EBIIE
H4aIL2RBMLTWAbDLEEDNS,
pQCT iZ k 5 B2 & [€5 BMD o i 2t ) &
% s DXA 12 L 5 L-BMD, R-BMD, F-
BMD @Fh & th# L7255, DXA Tid—-26.0
~=30.0%THH2, pQCT {2 X LHEEMNAG
F%F-3FNUETH-7. 61T, pQCT
EDXA XD b EVWllEHHEEFT LD,
M ORAEZETOEFEE ORI RET
H U, FFIC D50 E (B B E B T K (fast
bone looser) OMHEIZB VT FOBEERNEH
EAHFEESAL, BHTIE MEKICED
BMD DAY, BEFLDLEEIZEVWTX
Thot:. Zhid, FHEFTHLEFLN D
HEBOEEOMEIZEE) EERI P BETE
BLPTWIEaRBLTWEH0E b,
P2 LTI, BFERTIZ D50, D30,
tD100ASBH THBIZSETH - /225, P1001
ZUEPEEICEHETDH Y, DINTEELRAS
N oz, pQCT 2L BiBlE LI, AR
HiEAoOHEEIcL Y REShAD, BHEILL
LTy TimmEeBaEwn, Ktk
VT P100E, & EWEECTT2EERR
HROKEVEESHEZIRD o L HH S
hs.

SHETIE, EEBIUEROTRTOME

M TEEN LRI LARIIEHETHY, &
BT AR B il E & E
FOVWTRIZLEHIZELTWA I LIRS
iz,

pQCT {2 & A #& BMD ¥ DXA {2 XL 5 BMD
OB IC DT, Grampp 57, XCT-
960 Tl E L 72825 BMD |2 DXA 12 X 588
BMD & XSO (r =0.27~0.75) ZFR
DA, FEHEBMD b2 r =0.18~
0.44) THoZ-LtBHELTWvAH. Gawi H¥7ig,
XCT-960CHll7E L/ E BMD [ DXA 2L B
fEfE, B2, KBEHH BMD &AM
AN (r=0.48~0.75) EHEEL TV A,
A7 Tld, L-BMD {2 D50 (r =0.688) &,
R-BMD it rP100 (r =0.855) &, F-BMD ik
D50 (r=0.715) &EbSVEBzRDL.
R ESEPEATH Y, BEBEMITED
D50H HEARE BMD & B LT 470, WH
FoOHBEERFCH-b0EBbhb, P
W00k EFFEHOEEAET % LT 58D
BMD C# ¥, F7-DXAIZLA#EFBMD &2
ERBOHESRNETHS. F078H, 1P100IE
R-BMD & &4 REFRHMEE R LD LR
b s, F-BMD (3 D50k & & @AM * 72
W45, D100% rP100 & AR ELIZIEE LAY
ENe L, MESME LTI Bz E
tHbha, DXA DL A L-BMD & D500
BIARELIZ0.688 L MK A2 o 72 A%, ZHILIE
HEASE TR L 7 E gz BE 9 BT HEEL T S0
% <, BMD A @ AFE & b W hEPEA 2 D
—~HELTEZLNS,

£ [E D pQCT (2 X % R EVEEHEIE O BBk
£ % DXA I X BEHE BMD & Jh# ¥ 5 &,
kappa score | P FE O —FH =R L. pQCT
2 & BHEREHOFEOFRGEICOVTIL,
Grampp & '713 XCT960\Z X % ¥ & i #i-F BMD
iZ, DXA X b L a0 aer v & 8
HLTWnD, RRFETLHEERESHF ORI,
DXA |2 L ZHEHEBMD 2k L TH » T,
Ihig, BB E0E TRBOREIZ6E
BEIZAELA2O TRV 202G R L
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NOEMBEIZAEG T A ERMAEECEHNE
b EHAMICE D ERATREEV D ERLT
WhbDEEDbLNS,
GEOBEOKRE, pQCT 2L 2B RMlE X
BHBIEDR Y ) —= v 73 ERTETH S
ZEAREh

k4 & &

DpQCTIZ L ABEBBIUVERERTD
BMD Dl EMSREZ BT 5 L, MERitEs B
RRVOMHIZIZ, DO0OMEFELEL T
7z, HEIZOWTIE, FEMTIE D0, Sl
TR TOHRMETHEEIFBBETH 72 T,
& D501 DXA 12 X % JEHE BMD & Ml A58

b4

(25% %15 1999
HEC, EFMNRERTOBMD % KL Tw
LI EHREIN.

2) Densiscan-1000tZ X % pQCT (X, B EE
DB RHERENOBINCAZ ) —= v 7 E L
THHWERTH L Z LATRBEh, SHBOER
IRy EeaS R T (N
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