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ABSTRACT

Purpose: CT scan makes up for the weak point of the nuclear medicine image having a low resolution and also were used for
attenuation correction on image reconstruction. Recently, many studies try to make use of CT images additionally, one of them is to
measure the bone mineral density(BMD) using Quantitative CT(QCT) software. BMD exams are performed to scan lumbar and femur
with DXA(Dual-Energy X-Ray Absorptiometry) in order to diagnose bone disease such as osteopenia, osteoporosis. The purpose of
this study is to identify the usefulness of QCT_BMD analyzed with low dose CT images on L-spine Bone SPECT/CT comparing with
DXA_BMD. Materials and Methods: Fifty five women over 50 years old (mean 66.4 & 9.1) who took the both examinations(L-spine
Bone SPECT/CT with SIEMENS Intevo 16 and DXA scan with GE Lunar prodigy advance) within 90 days from April 2017 to July 2022,
BMD, T-score and disease classification were analyzed. Three-dimensional BMD was analyzed with low dose CT images acquired
on L-spine Bone SPECT/CT scan on Mindways QCT PRO™ software and two-dimensional BMD was analyzed on DXA scan. Basically,
Lumbar 1-4 were analyzed and the patients who has lesion or spine implants on L-spine were excluded for this study. Pearson's
correlation analysis was performed in BMD and T-score, chi-square test was performed in disease classification between QCT and
DXA. Results: On 55 patients, the minimum of QCT_BMD was 18.10, maximum was 166.50, average was 82.71 * 31.5 mg/cm?. And
the minimum of DXA-BMD was 0.540, maximum was 1.302, average was 0.902 * 0.201 g/cm?, respectively. The result shows a strong
statistical correlation between QCT_BMD and DXA_BMD(p<0.001, r=0.76). The minimum of QCT_T-score was -5.7, maximum was
-0.1, average was -3.2 = 1.3 and the minimum of DXA_T-score was -5.0, maximum was 1.7, average was -2.0 = 1.3, respectively. The
result shows a statistical correlation between QCT T-score and DXA T-score (p<0.001, r=0.66). On the disease classification, normal
was 5, osteopenia was 25, osteoporosis was 25 in QCT and normal was 10, osteopenia was 25, osteoporosis was 20 in DXA. There
was under-estimation of bone decrease relatively on DXA than QCT, but there was no significant differences statistically by chi-square
test between QCT and DXA. Conclusion: Through this study, we could identify that the QCT measurement with low dose CT images
QCT from L-Spine Bone SPECT/CT was reliable because of a strong statistical correlation between QCT_BMD and DXA_BMD. Bone
SPECT/CT scan can provide three-dimensional information also BMD measurement with CT images. In the future, rather than various
exams such as CT, BMD, Bone scan are performed, it will be possible to provide multipurpose information via only SPECT/CT scan. In
addition, it will be very helpful clinically in the sense that we can provide a diagnosis of potential osteoporosis, especially in middle-
aged patients.
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T A= DXA FH| 2 Q F(L-spine) ! THE Z(femur) £-9]2] FLEE A5t 44T, Ithas 59 2o 7HEs)
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2.1 SPECT/CT 7] 2 QCT &4 1

Symbia Intevo 16(Siemens Healthineers, Erlangen, Germany) 8] 2 L-spine Bone SPECT/CT HAAFS A|8sH 22ko] A A= CT G4
(110 kVp, 50 mAs, care dose 4D)= QCT PRO™(Mindways Software Inc., Austin, TX, USA) 2 X E ]| & o] &5}0] 32} FUEE o}
2 23t Zro] B3I thFig. 3).
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Fig. 2. The same levels of a Lumbar were excluded on both exams(QCT, DXA); (a) L3,L4 were excluded due to spinal
implant, (b) L2,L.3 were excluded due to compression fracture.
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Fig. 3. The procedure of BMD analysis with QCT PRO™ software is as follows;

) The first step is to select lumbar vertebrae to be analyzed

) The second step is to set up the level and axis for each lumbar vertebrae

) The third step is to draw the VOI(Volume Of Interest) on each lumbar vertebrae
) The final step is to obtain the results as shown
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22 DXA 7H] 5 S E 24 9
Lunar Prodigy Advance(GE, Madison, WI, USA) %H] 2} Software Encore Version 162 ©]-25}F0] L-spine £-919] 2 21 U =5 24
SFATH(Fig. 4).

AP Spine: L1-L4 (BMD)
BMD (g/em?) YA T-score

AP Spine Bone Density

Age (years)

Karea

Young-Adult Age-Matched
BMD YA YA AM AM
FOMMENTS: Region (g/em?) (%)  T-score (%)  Z-score
L1 1075 100 0.0 26 -0.4]
L2 119 106 06 101 01
L3 1184 99 -01 94 -0.6
L4 1227 104 04 97 -0.3

L1412 1141 104 03 99 -01
L1-L3 1157 102 0.2 97 -0.3
L1-L4 1176 102 0.2 98 -0.2
L2-13 1191 102 0.2 98 -0.2
L2114 1.203 103 03 97 -03
L3-14 1.206 101 0.1 96 -04

Fig. 4. This image is the example of the result by analyzing 2D BMD from DXA with software encore version 16.

2.3 DXA ¢+ QCT ollxje) 2 257 7|%

A 271 7] 7L (World Health Organization; WHO) 7]5=0| w2} DXA ZH|o| A+ Tscore S HFF O 2 A4}, TAS T35S 7
SO A[13] QCT 2L == DXA Hr} W2 3|5 Hol= o] f-=Z I8l Tescoreol| T 27 thAl, SAHH ZFUE 43
e 552 B FFUTHTable 1)[14].

Table 1. The classification criteria for DXA T-score and QCT BMD.

DXA T-score QCT BMD
Normal -1.0 < T-score 120 mg/cm* < BMD
Osteopenia -2.5 <T-score <-1.0 80 mg/cm? < BMD < 120 mg/cm?
Osteoporosis T-score <-2.5 BMD < 80 mg/cm?

2.4 3AEA
EAEA]2 SPSS ver. 21(IBM company, USA)S ©]-85F0] QCT =2 1347} DXA FH|of| A BA4e &= 2] W Tescores I 0

& ATEA S NSO, 7|7 A B R FolAE F S Aletl

23

1. QCT2} DXA ZAfM2] Z2E K] Hul 5 42HEY

5519 RS O 2 QCTY DXAE o|-85to] T = 2|5 EASH A1t QCT 2T+ 24 18.10 mg/em’ol|A] 2]l 166.57
mg/em’?] Y2 H 82.71 £ 31.52 mg/em’e] $2]| 5, DXA U=+ 2|4 0.540 g/em®©l| 4] 2Tl 1302 g/em?] HY 2 H+ 0.902
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+ 0201 gem?®] x| 2 747} 27 | ITHTable 2). F HH|E 0] &3 UL 2] 9] A Axf, g o] A8 (p<0.001,

=0.76)7} A ATH(Fig. 5).

Table 2. The results of BMD from QCT and DXA (n=55)

Min. Max. Ave.
QCT BMD (mg/cm?) 18.10 166.57 82.71 £31.52
r=0.76***
DXA BMD (g/cm?) 0.540 1.302 0.902+0.201
***p<0.001
QCTEMD
frng/crn3)
. .; % :

&0 = . .

0 .

n:l.-1 06 0.8 1 12 14 16 fDUE’)({‘f:\?[!‘MD

Fig. 5. The graph shows a strong statistical correlation between QCT BMD and DXA BMD (p<0.001, r=0.76).

o ApHEA

2. QCT2t DXA ZA|A{2] T-score H|u!

Z} = oA S H ST £ E v o 2 AEH TscoreS 2418 21} QCT Tescores &4 -5.76001A4] Z|th -0.072] H<
2 9t 318 £ 1.322 4% 31, DXA T-scorer |4 -5.0200A4 Z|th 1.739] W2 Wt 2.00 £ 1.342 ZF2F =4 = THTable
3). BT 9= QCT Tscore”} DXAL] T-score AT} 37 % WUTE T FH| S 0]-8-3 Tscore] A THEA 23, o] A (p<0.001,
=0.66)7} A A Ch(Fig. 6).

Table 3. The results of T-score from QCT and DXA (n=55)
Min. Max. Ave.
CTT- -5.76 -0.07 -3.18 +1.32
QCT Tscore 1=0.66++*
DXA T-score -5.02 1.73 -2.00+1.34
*Ep<0.001
QCT T-score
1 . -1 0 . 1 2 3

DEXA T-score

Fig. 6. The graph shows a statistical correlation between QCT T-score and DXA T-score (p<0.001, r=0.66).

The Korean Journal of Nuclear Medicine Technology



Usefulness of volumetric BMD measurement by using low dose CT image acquired on L-spine Bone SPECT/CT

3.QCT2t DXA Z} ZHAtof| 2| & Z5& Hlul 5l 710[xl= AT

QCT ZH|of|A FL = o) wheh AW HE B&7 ol u] BT 5 W, 2445251, T3 25 0|, DXA ZH|ol|A]
T-score 7|50 w2t 257 5F1S wf A 10 W, 244AF 25 9, 2TH-S 20 o] A THTable 4). 55 & 5 QCT DXACA] AHy &
& Zol7t ¢l ﬂx}— 31 10|23, QCT 25 DXAS} H| w5 S w H/dwollA F4AT B TgAZoA T35 = &
B 257 e gAY SR EAb= 17 9, TR 2 AS A A S50l SHAZT O R SHAAY AJFE b=

O,

Il

7 70| At} DXAC] B3l QCTOll M = THAIA SHFE| A g3ke Fakes il

Table 4. The number of the patients according to classification of diseases (n=55)

QCT DXA
Normal 5 10
Osteopenia 25 25
Osteoporosis 25 2

B ERE HAL oFE W DXACIA & AAF =7ty o 2 atagrte]= ZEFo] oL, 7Hol Al A7g el
SAZCE FoJgt Aol = U ATHXA(2)=2.222, p > 0.05).

F| T Znpztets o]-83 ZAk= 712 T (planar) B/ 09]oll 3 Xkl ©F A/l SPECT AALZ = Ho] A= 1L Sl
SPECT /3= T QAR =2 sl et sl 7-8h4] St gelo] Aol 17| w2l I 7Hx|7F @ of At .1 =7t &
O}ZIL ATH15-17]. 25 G/ T FFET} SPECT/CTOlA HHS YAlshHe 25 ¥stE o & ¥ty & 4= Qlo] 230 Ay

thof] B> 3-851TH18). =3 SPECT/CT ZARE 44 & H2E g7t mjl £ 251, 217]37 3 AH(Magnetic Resonance
Imaging; MRI)PIIA E& &2 4 Q= 0| HSH A7 déo|y 24 & A= o] £30] 2 4= lTH19].

o] ALoj| A A A-E-2 L-spine Bone SPECT/CTE Al3J5to] Aozl A A Q% CT JAFS o] 85to] QecT =2 1oz 1
wAISHLL, DXA H|E o] 8-5to] 43 B30] U & Hlo] e} H| i A 5kRI T Mindways ARl A] A13-6H= QCT 21712
o] 271 2] " glo], QCT PRO™ A I EgJofof] CT DICOM(Digital Imaging and Communications in Medicine) B4 2]-2-A]7]

mE mlru

Dimensions
:15.24 (L) X 5.08 (D) em

Fig. 7. (a) In the past, solid phantoms placed in a pad under the patient during CT image acquisition are used for
calibration. These phantoms contain materials that represent a number of different equivalent bone mineral densities.
Usually potassium phosphate (K:HPOx) is used as the reference standard. (b) The new phantom is a single-component
cylindrical phantom. The high-symmetry and known composition provide a structure suitable for the analytic description
of the x-ray attenuation properties including the effects of beam hardening.

The Korean Journal of Nuclear Medicine Technology 104



Usefulness of volumetric BMD measurement by using low dose CT image acquired on L-spine Bone SPECT/CT

T Scanner Calibration - Model 4 Phantam

Fig. 8. The phantom image acquired with same protocol for a patient examination was applied to QC program every 3
months.

E47 QCT 2L = 2A40] 7F5olt oHoll= CTE o] &5t T =& 574 wf 4] BlolEoll thd3t 5 =2 4kl 2] A
(K:HPO:) O 2 4% QCT & Hel& 2hate} @A Egsfiof she MiA 220 A|HH20], 2| Zoll= oA E9E 22 glo] 3
ZNol SHHA] 2A} B 2 LS CT 2102 WY J42 FSotal 2o QIAs| 1 =7 o] 94 E5 L A=
] (Quality Control; QC) XFof| A &= Bo] ZHH 3l % ChFig. 7, 8).

DXAOI| A= PA(Posterior-Anterior) 3= & 5510] 2 X T JolA] SUEE FA 17| woll T HAF A (gem?) 2
2 2453, QCTolA = 3 2H A FollA EAI5H7] wZoll Tl Rl A&f(mgem’) 22 SAE T ZF F ] of| 4] AJgset

Tl

;3
2

DXA S $2|2} QCT T = 4|5 0] &oto] JhEAlS Aldet A, A4 0.76 0.2 4 o] Al E Hof A =
= FF2 DXA FH| 2 H| W6l S w) QCTE o]88 TLE 4= AZ =7t = Ao & whek o 4= Qloh 3t = | ojjA ]
T-scoreS ©]-8-510] A TEAS AldYSE At A8 Ae7E 0.66 22 o] A oiAZE Ao, FUE £4]9] A ¢Ef oha
744513 o]= DXA ZH]|ol| 4 9] Tescore 20} QCTON A Q] T-score”t B2 0.2 37 9% 744G & ZT7F Tscore 2F0] 7} B Eo]
RS 2191 0 7 HohETH DXA AH|Eh QCT AH|of| A 24 U T 422] W Tscore 7| T BA| S5+ Ao tisiA+= o]
0] 2 A Aol A A= It 1 o] f-2= AHA, B4 7] oA 2] AefshaQl #istol mhE Rlo|th21]. ZFolA 9] iH=
(Trabecular bone) TH ZRFA Q1 o] HH B 7 7] o] Sof| B 24| RSHtT}. QCT= 25 24| Hol|A] sfHETt 22lsto] &
A st oled o= W47 o]F ¢ =2 74 H| &2 HHJ sttt & 4= Qloh FHA, E]3)A] Z=H(Degenerative osteophytes) =+

o524 2] A3]3}(Aortic calcification) 5-2] ¥ 10| THFig. 9)[22,23].

o)

1o

n

Fig. 9. PA-DXA of the spine estimates the amount of all minerals in the path of the x-ray beam, while QCT estimates only
the trabecular bone density within the vertebral body. Osteophytes(a) and aortic calcification(b) can add a considerable
amount of mineral to the DXA signal.
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279 DS o] g3 o] o} e AFEH DXAFHIOIA L ZFol Lt ch5 el Halah YA 1 TR O o] S w2 Hel
T4 glo] £ M9l 2 BE A AW, QCTE 3 4 242 B3l TUES Wefgrlshl Bet 23wl o5 M
S Joi2 siniza Hejsto] 24 3 4 Ik AMA, DXA FBlolAE wlel 2717H ZUE S0 Y3 5 4 9tk DXxAFH]
= S Akprojection)  FelolAle] BUEE Z517] el W) 2717 AD4E A winch k] WA FUET} 7 S4
© 2% YU 510 10,0029 TYOL RS ALY B P42 2502 oIt ol 2002 0n 8 09 0

(]
=i
o

ii> i

He R A2 2 gem’ 22 FASILE, DXA FH|A S dHAT 2 3x3x3 em € TE 6 gem’O.=,
em & W 4 glon? O & 2}o] 7} A BT | ETH24].

2x2x2 cm 3Ix3x3 cir

Areal density = 4 g/em? Areal density = 6 g/em?

Fig. 10. Because the bones in the spine generally scale in 3 dimensions, the ‘thickness’ of large bones along the projected
measurement is greater than for smaller bones, so the total bone mineral content increases faster than the projected

area. This causes PA-DXA BMD estimates to be higher for large-stature patients than for smaller individuals, even if the
volumetric BMD is the same.

FIoW 99 ofe) el QCT BYEHDXANEY o oA SYSI ool sk ol 222 W1 Bk 7} 24
oick 2 Al W3 L RollAl ZholAlE WS Al Ak, 5 ulzio] BAACE Golst xtol glgoL DXAAIAE HAT
107, 8704525 %, BT % 20 B0l QCTOWE B4 9, 34525 %, BTHE 25 902 00Tl BAEE 2451
WA 20hEE B4} B B B8 otk DXA ] 7202 5913 w55 3 520 WEF BrhEE WS M W QCT B
BloflA = 55 W% 5 ol B 2718 25 ol BrhgE0® AT WA B Zolth, ol T £xte] 2718 ojn]shs 5] oh]
o 203502 BRulo] 2okgol chu vtk PRSI St oJn) S 2tk DXA ]S FUE FAolH Ex Hu|2
AHg Bt QCTOIN BTH35 B} B 3715 2102 B 4 YAXE, 95]2] BUE 43U Tscore?} AR 7 53
5= DX 18] QCT7H o et A3k Hol Ak Zoleka oz 47} o & 4=

Ut} o215t o] 8 w0l DXA |0l A PA
2 oAl @ 30] =M (Lateral)S 2 sto] BAI5H= W o| B & 7] & ghoh25]. 2= 2 dis 9 X33} So] gk g uhe 49l

7] wf-2o]thFig. 11).

Fig. 11. Lateral DXA method is recommended to avoid over-estimation of PA-DXA BMD from pitfalls such as osteophytes
or aortic calcification.
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QCTo A= Fujol o] U EE 45l DXACHAM = AHM 9] =S S74ste] F AHlolA ARSshe &7 oh2
T-score 3k 240] 7} Q11 7] 2ol M2 232 0 2 gt 4 Q= ol &0l Sl olof £l A QT2 DXAZ 573t 2
2|2k T-score s o2 AP EA 2 A FHUTH(E. 1, 2). DXAS A[RYRE Ao] Gls Bl QCTE ©-&5te] DXAS] ==
2] B Tscore S 1R IHI A O 2 o S5101, 1 A3t 20hE5- 0.2 o)Al 49 DXAE Al¥sto] 2= S Hdsia Ay
710 ol B= X Bl B2 E 4 312 Aol
5t o]l A= 230l QCTE DXAS H|WSRl =T, U E 24 F912 2.5 ofof thelE Yo = #Ys}7| wlEel QCT
PHMW == 9ol thet 37k v A7 o B e d 2o 2 Hel: of= M E(Hip Joiny H 2T SPECT/CTE 2 5131
= o 8F HAP7E 2YH A ot s =e] TUEE F7HH 02 F4 & 4 7] holnt tiElZold = 25 B4 A Sx
A7} DXAOM A Hes A4 2 3L, 99 T Fmgem) 02 FHE = 3 24 859 QCT 2L == th=
A

al,
A
T
A
T
=z

=
=
o
=

mﬂ J>4

Al thE]Z9] QCT S == DXAS} U3 &9 WA A& (gem?) 0= S H o] -2 T2 H|w7} 7Hs3H A4 o] ATH26].
3k 24 Y =5 7ok 2@ (Fracture Risk Assessment Tool; FRAX)E 7| 3 71st 4= QItH27]. FRAX+ EFdA o] 83| Y%

© 280) .2 AYOIAE AFE 3] 10 U] 2 SIYES B7HsH WHoITk Tscore?HO 2 2THEEE ATHSHE WHO AT
29 BAHS AN Sisto] Brhes 2 AP HEAES B8] 109 3 SHES ANSHE 2102 A, 48, A
F, A1, 274 W, 20 oel 3 93, 59, AU Z0|EA AHS W, RolElAREd, 2% 3035, 19 309 oY 85 52

o|-gsto] o S 4= AUTh(Fig. 12). ol Y HE]Z &4 Al FRAXE 37 712 4= Qlof o Sn| A= BHE =5 S e US Aoz
7|k

[ZUCE 230 = A2 104 U 2T AHE AAS 510 OF24 2] Z20) CHESHO FUAILR. ‘&.‘lq‘a
2k 917 200 03

mmmmmmmmmmmmmmmmmm

Fig. 12. We can calculate the fracture risk by inputting some information of a patient in the FRAX tool.

L-spine Bone SPECT/CT Ao #Fot= CT= 29 Fetatol| A QCT 54 32 25 B H7HE flolf 2Ysh= CToll H]
off of W2 ko = g1 91, ofele] 3ol 7} CT ZAfol| A Q] 27052 H| Lo} U TH(Table 5).

A Mgk 27191 sio] sk} SPECT/CTONA Q] CT ZHAME QCT 412 9J3l FE]= Q1 80-120 kVp, 50-200 mAs LHollA] A]3)
31 QJth28]. sHelstat cTet FAF2l skt L-spine CTOA = A5 = ZA4| 0 %%] (Automatic Exposure Control; AEC) 7|5[29] ! care
dose 4DE 0|-&5t= §H, G428tk QCT= AECE AMS-6HA] 243l 17 100 mAsE ARE-SHL It} ZF 270 et QCT 2 E =
A f2x]o]] Zpo] 7}k Q=A] ZH] 71 2] B w st SF3 oL, QCT PRO™ AL ELof= 74 4| o] glo| A S G55+ ”HMW‘?J%%‘

T 2Ao] 7hssto] A& H|wE 4= gl etAA o] QIQIT. CT impact scan 2138 o]-g5to] 2t 2710 2 AT H Q& 2

A o B FEMYFS AE5IUTHTable 5). 25 ZYUE ZAF Al DXAC ol BH= FEATR] 0.001 mSveH30] Bl w5k S
SPECT/CTS] CT G- aAl3fo] H| 14 &=L mZ0 g & 4= 9] O} SPECT/CT ZAA] B712A 0 2 BA %= 7o) 7] uj&of T
-5 b= Zlolgkal 2HEsl7 = ook ek el statol| A Aldshs QCT AARRA T HIAL SF31 S W= 52 %t W wEAAT

= Tetal & 4 9l
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U 24 BE U2 AREH AL 3l DXA BH] = AR /S 741571 918) 1sCD datel whet 30 o] #Aks o
St ATHE v wsh= AARRES] AR = S (precision test) S A3 sHaL 10 M[13], 2ol A= A7 Z Akfollow-up)
Al o] Aol A ZA1eH A} A sHA| Akl o2 A0 o] A AIREO] 10~15 2 == of-9- 7] ARt} e o] H e ch
HHH QCTE 0|83t L-spine 3 2Fg U 242 84 34 Y (Volume Of Interest; VOI)©] AHL] AHz o2 AL W A] 2F
B 2 9E 517] o] 2212 B2, A AAIIA] 24 4.8 Az ol ZH4]o] 24 o] vl 7458 4 Uck QCTE of
21742 DXACI M A AR A A (Precision test)ell et =4 7] &) wi =] A] g8 ”’ﬂolﬂ = oiuh, wAl o] Bl wA] e
ALz ol E]o] o] gl oA = QCTE o] 83t U= 2419 F-840] 52 4 s Aoz wokeTh
AA7HA = SPECT/CTOA of CTO| QCT 8 = 4|5 ¥ Aol Algstal QUA| =2 7ol FFoll= L-Spine
SPECTOl| A Aoj2]= 5912/ /3% H7HQualitative analysis) %5t oFL2t QCT= A T8 = A K 9 SPECTO A A4 £
A} 7 B (Quantitative analysis)Q! 413 =2 H7}5H= SUV(Standardized Uptake Value) . SHA] A 5-3HHH SPECT/CT 71¥ke] 3 ofst
sl ZEAA A Bl B 2 =35 & 4 U2 AR VHdH.

245 2% 429} SPECT/CTS] AAZF CT YA E 243 QCTY FUE 4|7t A& 75t AbktA|7F o, &
B BRollA T Au|Ttol| §AH o= F-ol3t 2po] 7t gl O B2 [-Spine Bone SPECT/CT AARI|A B7F4 02 ZUEE £A0k= A
L Z4ol| 7]& AH| 2 AREE AL = DXA H| e H| ot = =2 A2 &5 Zh=rhal ik 3 4= St} Bone SPECT/
CT AAE B0l 3 2H 9] sl 9814764 /4 WEE ATt 3712 23 CT Y= ol U= AR T 3 Al F 7Hsoh=
£ 952 Sacks IS Aol FEE I o B2 B7H JEE Algste] ARl S-S d] e R

(e

& 50| & 4 Q& Aot} o] & §510] CT, BMD, Bone scan - 2] 72| AAMS thd3 0 &2 A|8jsh= 70| obd SPECT/CT &
A AAE Bl §F Hof ot B2 JHE Al 7Hs & 4 e 3ol g §agdnte] a3 AH S AT 4 A= 7187 E
A Aotk
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