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Influence of Bone Marrow Fat on the
Determination of Bone Mineral
Content by QCT

Toshiaki [keda and Kiyvoko Sakurai

Single-energy quantitative CT (SEQCT) is
thought to be suitable for long-term observation of
changes in bone mineral content in individual
patients. However, in patients with osteoporosis, an
increase in bone marrow fat cannot be ignored. The
relationship between bone marrow fat and bone
mineral density (BMD) at different tube voltages of
80 kV and 120 kV was investigated using a set of
solution phantoms that we devised, and was also
studied in healthy volunteers. On the basis of the
results obtained using the solution phantoms, the
influence of bone marrow fat accounted for a
decrease of 8.9 mg/cm?® in BMD value at 80 kV and
of 10.8 mg/cm® at 120 kV in the presence of 10 vol%
fat. These findings suggested that the influence of
fat was less at a lower tube voltage. The formulas
used to estimate the true bone mineral and fat
contents from the BMD values at low and high tube
voltages were derived by eliminating the influence
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of beam hardening. Using these formulas, we stud-
ied healthy volunteers, and found that the differ-
ence between the true BMD value and the BMD
value calibrated for beam hardening averaged 17.8
mg/cm® at 80 kV and 226 mg/cm® at 120 kV.
Moreover, the estimated concentration of bone
marrow fat in the volunteers averaged 25.0 vol%. In
SEQCT performed at a low

tube voltage is less influenced by bone marrow fat,

conclusion, because

it should be selected for assessment of the clinical
response to therapy and for studying sequential
changes. However, in patients with a low bone
mineral content indicated by SEQCT, it would be
worthwhile trying to estimate both true mineral
and fat contents in bone using the formulas
obtained in this study in order to differentiate
decrease in bone mineral from interference by bone

marrow fat.
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[ZEREOTB s D ik % b7 ) @ kS Tk 3
T ENTEDD, PREEESL T H XM
WEL T b 728, HRiRoIE S D)o Xk
INOHIL 2keh s s, F B, AR os
B E2 2N ENMICIET 22 L3 TE L,

—J, QCT Tix, HFHICHHMHOWINHIEZ7F5
ZEWTE, FHMOM S O R BT &
B a2 22k b 2 E 5T E B, SEQ
CTE:DEQCT# ¥ % &, IEMERE (accuracy)
2B W Tt NIE o285 0 % v» DEQCT
N T 205 W (precision) 2B W T
st o fii i 4 SEQCT #7 i T 3,
T, FrEBBZoRWIC bz 5 HER2E Lkt %
B4 2 HMIZIZ, SEQCT 9L Tvv b &4 2
LN a?, Lo L, SEQCT Tix ’Ei‘fi@l’\ﬁ NE iz &
%A HE B il AT & 2 D), RRCEHIERE
DFE L WEERI Tl mw%%m%mmm@uwm
T&7\

WHE O CT I 2EEEE (120-140kV) T, M
ENnsied, SEQCT & —fiyic 2 &4 T4T
biiTwva, LarL, SEQCT TixaHiPEE o
WEHIRE B (80kV) o hddit vk vwbil
TWAY Z T4 iz, QCT #9795 9 2
THELELRFO—2TH 5 HRPIED R8Iz
BILT, BEDBH7 7> b o b ISt R 2
YT A TIC & o THERE L OBFREREL 72,

Lizhi-

77 b AICL BEERREE

1. % %
PHLAZER7 7> Falx, ) rBRkEIAH)Y
7 A DU %, 0, 50, 100, 150, 200mg/ml &
L, VBKFEZAH) 7LDEBETIZF LTIV
22—V EAT0, 8, 16, 24, 32vol% & B L O
ICHEE L 2R 25 MO RBHTH B, oD
B R NEE26mm R ) = F L BRI AR,
N EIGERETRIOE 2 LT 2 ) VBRI
W77 b (JESH dem) DEHICH LT 2
Tharicii AL CilleE L7 (Fig. 1), L 72
YEEAKET A T A, K ZFALTA2—NIT,
TNENKXBIHF 2 WINHEH, BaEhisk, IR

648 A 25

fil 14 887

Fig.1 Solution phantoms and the body phantom in
which a solution phantom is set.

MRS A 2 Th B,
2, 5 &

fEH L 72 X CT 283 13 Quantex (4 o H)
ThHY, 274 A& 10mm & L, Ak o
W77 > b 2l 2% o vl Bicfifid 5 &
WML 7> b A&k 3EL, BMD k7 57 >
b2k |, BHEIE 80V (4 E K 100mA)
E, 120kV (B0mA) TE LA 4 [l F D g
L, 77> A0 CT D LI~ 23 k5
% Fik T BMD fli & ks> 72,

AL 72 BMD 2:#7 7 > P a0 FEKIE A L
Ak Fa ¥ LT oed 4 b (Can(POy)s
(OH),, LI#: Ca-HAP S u53) 4 ik 25 i
DUEFEWTZ 2F v ZIZRELZLDOTH Y,
Ca-HAP o it fEE(2 0, 75, 150mg/cm® TH 5,
D77 ATy 7O RN, BEOKER
k<74 v ML, L2 BEHECAHEDO:L L%
Wl lziEEtE ey P L 2ajiciidgA
Twh,

ZZTwv BMD{#l &, BMD#i7 7 > +
L0 Ca-HAPE X, # CTE L Y K 7210
FREMIC LD, BAYE T B Juiﬁl_% Ca-HAP #
LimbE L THETZ200TH B,

fER L7277 > b 20 BMDfili% kb 2 & &,
P E (ROI) & LT, Fig.2 oflicmd k9
12, W7 7 > F AR Pz A 20mm o
MR A BE L 2. &SEWR7 7> FAalz2nT
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Fig. 2
phantom :

A CT image for determining the BMD value of a solution phantom set in the body
To measure BMD values, a circle of 20 mm in diameter was set inside the image of a

solution phantom as the region of interest (ROI) (arrow). BMD values were obtained from 4 CT

images and the mean value of them was calculated to get a measured BMD value.

CT iff# & 4 lHAZ L, &7 7>~ b 2BIWHEA
I2i%%E L 72 ROL @92l BMD fili # 3ksd, Fh %
BLIZFHLT7 7> b aoillsE BMDE & L
7z,

E—4s—F =27 (beam hardening) # %
W DFIEEARIEIC L B BMD iR % Hli
ETER2HICQA 77 > b 2ADOMEH#IT - 72,

QA 77> b AIFHIEDIE 7 7> F A L EED
G E L7127 7 ) LIRS T, BEHEICH

B3 5 Ik Ca-HAP (Ca-HAP il

100mg/cm?®) & WM 7F 25w 7 DREWH
[ZHIAEFINTW B,
BEAESR

) R A Y 7 AR E AT 150meg/ml, x5
T T )L RE DT 32volYniEi, BL ) >
FEACHE A ) 7 ABEEE AT 200mg/m], T F LT L
D— LIBFEAT 16, 24, 32volY%DiIEMW T 7 > b A
TlE, HRHTEEL 7272 HWENITZ e - 7o,

BT 7> b AT &I HRIE L 7 4 & TOIH]
BMD1E® N Z 7 % # RTAH 5B &, 80kV O Hb

Tablel Measured BMD values of the solution phantoms

concentration of K,HPO, (mg/ml)
(0 50 100 150

3 0 MBMD* at 80 kv (mg/cm?) —5b4 45.0 93.0 142.1

[+

§ MBMD at 120 kV (mg/cm?) —-34 48.7 98.6 148.5

| o | MBMD at 80 kv (mg/em?) ~125 39.0 862 1368

.g MBMD at 120 kV (mg/cm?) —11.9 40.1 89.5 141.3

= g | MBMD at 80 kv (mg/cm) —19.7 32.3 80.7 1279

Lf MBMD at 120 kV (mg/cm?) —21.3 32.2 82.8 131.3

1=

£ o1 MBMD at 80 kv (mg/cm?) —26.2 24.3 71.9 121.3

g MBMD at 120 kV (mg/cm®) | —28.3 23.3 719 1217

=

3 35 | MBMD at 80 kv (mg/cm —33.0 166 64.9 %

3| MBMD at 120 kV (mg/cm?) —37.0 14.4 61.2 bid

* MBMD : Measured BMD wvalue
62 HABER2E Bod4E Fo5
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MEASURED
BMD.
(mglcm?)

150 —fo==nw...

50

——at 80 kV
""""""" = weeeeat 120 kV

CONCENTRATION
OF ETHYL ALCOHOL

Fig.3 The relationship between the measured BMD value and the concentration of ethyl alcohol
at each tube voltage (1) K,HPO, : 150 mg/ml at 80 kV, ¥ =142.72—0.89.X, »=0.9958 (2) K,HPO, :

100 mg/ml at 80 kV, ¥ =9344—0.88X, »r=0.9976

(3) K,HPO,: 50 mg/ml at 80 kV, ¥ =45.84—0.89X, »=0.9971 (4) K,HPO,: 0 mg/ml at 80 kV,

Y'=-558—086X, »=0.9998

(5) Ko HPO, : 150 mg/ml at 120 kV, ¥ =149.26—1.13X, »=0.9976 (6) K,HPO, : 100 mg/ml at 120

kV, ¥=99.28 —1.16X, »=0.9964

(7) K;HPO, : 50 mg/ml at 120 kV, ¥ =48.82—1.07X, »=0.9998 (8) K,HPO, : 0 mg/ml at 120 kV,

Y'=-3.36—1.05X, »=0.9992

121X *FE#0.6mg/ecm?® TH D, 120kV TI3FHy
0.5mg/cm® TH Y, WHMICHELREIRED L
0, MBECHE Ah» 7. 42, BMD Il
L& RTABLE, ROINTHHEN
BMD o35 7 ¥ 13 80kV 412 (3 5F 4 15.
9mg/cm® TH Y, 120kV @ 412 1 F # 10.
3mg/cm?® TH - 7z,

Table 1 (2 &i#E# 7 7 > b 0 80kV & 120kV
I2BF 2% BMDETH 5,

Fig. 313 &% 7 7 >~ | 20l BMD fili & =
FUT N a— VB E OBfRERL T 5, EHE
12 80kV B & UF120kV B0 B DI BT 2 AR HE
MEY CEAKFELA ) T LADOGBERNICR LD
DTH5, ) rBKEZH) 720 EBEIC BT
DO EMOME EI3ITIT—ET, FNFHII
80V #5413, —0.88TH ", 120kV D4
1213 —1.10 TH - 72. 80kV THOM = 4%, 120kV
DMEICHEL T/hEwZ ed b, =F AT 02
— D, 80kV DAY, 120 kV iz Hedg L
Tz e b, T, EERAEEIVTR
DEBETYL ) »BAKFEZ A ) 7 ADOWEE IR
7, 80kV T2 0.93mg/cm® TH Y, 120kV T

FRE 68 25 H

{3 0.89mg/cm® TH Y, MEFREICHE 221333
HuNdhr oz,

Fig.3n 77 7 CliEE %Dz, =F LT N
I—H Wol% D 6 T4, 80kV & 120kV T
W BMDfliAs e 52 & Th b, Zhlie—
L= F=r 7 H b0 RBEOPFEARRLIC LB
R Z 2 LN, o) BMD iz ke 57201213
ZOWHEYRET A LEN DD EHEZ LN,
4, E—L - N—Fzr/OEEHRLEBE

##1E BMD [EQEH K%

SRR LMK 7 7> AL QA7 7> b
Lld, KRESLWEHELEL TH L5, E—
L= F=r 7L bl b FZ L s,
BMD A" BE&I D QA 7 7 > + 4 (BMD{ti=
100mg/cm®) ¢ 80kV, 120kV & # B DIz 3513
% il % BMD fifi 13, 93.2mg/cm? 98.2rng/cm?
TdH Y, /K (BMDfi=0mg/cm?) &
80kV, 120kV BB DIz BT 5 ill%E BMD &
I3, —5.4mg/ecm?, —3.4mg/cm® ThH 3 H 5,
Wz BMDtiZz VYV, E—L1n—F=> Sk
PR L - MEHIIE BMDES Y42k, 2
gD BEEIE 80KV, 120kV TEFNFHA TN
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CALIBRATED
BMD

(mgiem?)

150-3-—-..‘-—-...._*__

s======
B S S ——
R
on—-........__
e ——at 80 kV
TR TITTT—— 2 atsv K
TTw=—g e at 120 kv
S0P
ST
T ?
o |+ o r——— LT} 20l 30" CONCENTRATION

s
e —

OF ETHYL ALCOHOL
Yo

e
8

Fig.4 The relationship between the calibrated BMD value and the concentration of ethyl alcohol at each tube

voltage

(1) K,HPO, : 150 mg/ml at 80 kV, ¥ =149.61—0.90X, »==0.9961 (2) K,HPO, : 100 mg/ml at 80 kV, ¥ =99.84—0.80X,

r=0.9976

(3) K;HPO, : 50 mg/ml at 80 kV, ¥ =5L78-0.90X, »=0.9970 (4) K,HPO,: 0 mg/mlat 80 kV, ¥ =—0.14—087X, r=

0.9999

(5) K,HPO, : 150 mg/ml at 120 kV, Y =14963—1.11X, »=0.9977 (6) K,HPO,: 100 mg/ml at 120 kV, ¥ =100.68~1.

13X, r=10.9964

(7) K:HPO, : 50 mg/ml at 120 kV, Y =51.18—1.05X, »=0.9998 (8) K.HPO,: 0 mg/ml at 120 kV, ¥ =—0.24—1.02X,

r=10.9992

(R TmraEns
Yo =548+101Y; oo (1)
Yiew =3354098Y, - (2)

Fig. 4 (2 &¥EW 7 7 > b L OBVEHIE BMD fi
EXLFNATNLI—IEBELEOMGEERL TV,
EAE 80kV 1 L P 120kV B0 B DI BT 5
BAIE BMD i [l & ) > kg =h ) v
LDOWEINGRL2 LD Th DL, V) o BAkETH
)7 LD KW BT 2 I EROH E 13133 —
T, FOEE)ILOKV 41, —0.80 TH
D, 120kV A2 —-1.08 ThHh-72, §4%b
B, ZFILT L — Lh10vol%t i+ 5 &
BMD fi#ii+ 80kV 385412 1% 8.9mg/em® K F L,
120kV O Fi4iz1F, 10.8mg/cm* K F4 2 = &2
e, FNLTNa—ILDEIE 80kV O T
120kV LN A nwZ 2R LT3,

5, TFALFLIA-NOBELHRL RGN

HIE BMD fEOE HFi*

Fig. 4 O#VEARIE BMD o [l i il i oo fdi = 11
NDBAKEZA NI LDBECHD D LT,
80kV, 120kViFEIETIZ—ETH b Z & k

64

D, VBKRZEZHYV 7% U, =F 0T N2
—ILiEE A LT3 L,

Vi =U—0834 oo (3)

Yiew =U-1084 - (4)
DBEIGRATEE ) 3o, )R @A ECAT B
4

U=101Y; +548+0.894  ------ (5)

U=0.98Y, +3.35+1.084  ------ (6)
ZOXRE N TF LTI a— LB B bk L 72
BHRNL#HIE BMDE U, Btz amnzF
LTIV 2 —)LREE A Hkeh b R,

U=15.35 +459 (1.24Ys— Yiso)  -++-(7)
A=1120 +5.15 (1.03 Y5~ Yisy)  -=ov (8)
-

Table 213, (7TN8)zN& 0 Stk L 72 8V Mg Bl iE
BMD{itis, 2t EnzF LT La—NiEET
H B, Frsic LN ke 2 SRR Al E BMD il
OEEREIES 3.28mg/cm® TH Y, BEbEF kiR +
FL T, FRgmic sV BHRLEZF LT
2 — LI B R 3.39v0l% Th - 7z,

MEDHAIZIE, EEWII L > TE—2A -

HABR 2k 54 39 %
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Table2 Summary of BMDs of solution phantorns

Calculated BMD values without the effects of beam hardening and ethyl alcohol,

and calculated concentrations of ethyl alcohol.

concentration of K,HPO, (mg/ml)
0 50 100 150
BMD (mg/cm?) 0.1 50.0 99.3 148.8
0 | concentration of

) ethyl alcohol (vol%) 0.1 --0.9 =33 0.2
R
E BMD (mg/em®) | —16 55.1 99.0 1515
% 8 | concentration of
‘é ethyl alcohol (vol%) 6.2 116 7.5 9.2
= BMD (mg/cm?) 0.2 55.8 982 1463
'*:E 16 | concentration of
B ethyl alcohol (vol%) 14.4 19.4 12.9 13.5
=
% BMD (mg/cm?) —49 50.7 97.8 1525
£ | 24 | concentration of
w
2 ethyl alcohol (vol%) 20.0 22.8 22.3 27.9
2
L=

BMD (mg/cm?) —4.0 44.5 106.7

32 | concentration of
ethyl alcohol (vol%) 26.7 25.1 40.3

N— R SOOI —E TR, LeL, 4
BUH 720K 7 7> b L% BEMEIK X % 2 T —
b= F=r 7OpBiEiiiEd oz kic k),
80KV & 120kV o ¥4 E T8l % L 72 BMD #ll 5&
fli & FRATN8IE VT, E—4 N—F=>
THHWIIEBOFEARIC L 2B, BLUR
BiNEIG I & 2 R % BB L 72 08018 D5 4l 1F
BMD fiti U X 58 LGk A Aosked b b & %
z 1z,

MNEIZH T BI85

1.6 &

THACH S e FEZ 5D B 6 F) (47
~68 %), WHISH (41~695%) HXRI> T4 T
AR E L7,

2. k5 &

AL 72 X# CT 245 12 Quantex (4 ] 52)

THY, 274 A2 10mm Th 5. ik,

P 648 25 H

WIS 2 A7 b Ea—&E L, 855 M
MR p R OBRID RIS TE B L 512 7L—Fd
friEB LTy M) —DME & e L 721,
BMD #:#7 7 > F & & WK, &8EIE 80KV
(100mA) & 120kV (80mA) TEHAF# 2 0§
DR L 7.

e MEAE o BMD fifi % 3K eh B 72 sH o) PG
H (ROI) ¢ LT, Fig.5nflicnit Loz, &
BE WM, SEESLOHTH O iMENIC TE 5
IR E MBS A RE L 72, CT Mg 3%
# 247w, E Ul L k& &0 ROI # 3%
L TENFNOIEN BMD i %3k, i %F
¥y TiE BMD fii & L 72,

3. & %

K77 47T iciifg L7 2 mifg Tl
BMD i /sZ 7 % % WTA % &, 80kV OH
I3 FEE) 1.0mg/em® TH ), 120kV T3 FEH 1.
Img/em® T ) WH I EHABIED LT,
BH7 7> P ACHEBL TR/ 7 735K &
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Region of interest (ROI) for obtaining BMD values of the third lumbar

vertebral body: A ROI was set as the largest possible circle in the anterior

trabecular bone inside the vertebral body. The ROIls with the same size were

set in the same place on two CT images, and the obtained BMD values were

averaged to get a measured BMD value.

Table3 Summary of BMDs of volunteers without impaired bone metabolism
No. sex age MBMDy,

(mg/cm?)

97.8
98.1
123.3
73.7
70.8
6.6

133.7

164.5
113.7
141.8
132.1
84.6
47.1
125.0
104.1
140.2
86.9
76.3
47.4
51.1
52.0

MBMD : Measured BMD value

MBMD,

(mg/cm?)

95.0
97.9
124.1
73.4
69.5
66.2
137.7
169.5
117.4
1454
134.1
83.8
43.2
128.1
103.4
138.2
89.2
75.9
43.0
48.7
48.5

CBMDs,

(mg/cm?)
104.3
104.6
130.0

79.9
77.0
69.7
140.5
171.6
120.3
148.7
138.9
90.9
53.1
131.7
110.6
147.1
93.2
82.5
534
57.1

58.0

CBMD,z

(mg/cm?)
96.5
99.3

125.0
75.3
715
68.2

138.3

169.5

118.4

145.8

134.8
85.5
45.7

128.9

104.7

138.8
90.8

Hi.f
45.5
51.1
50.9

True
BMD

(mg/em?)
135.9
124.3
147.5
97.9
99.3
73.5
144.3
173.6
123.6
155.0
151.7
112.2
85.1
138.8
133.2
179.0
100.5
101.2
87.8
82.7

88.7

MEAN
SD

Fat

(vol%)
40.7
274
26.
24.
28.8

7.6
11.3
10.9

9.7
14.6
2L.3
28.4
38.6
14.5
30.9
43.2

12.8

]
1

25.0
41.2
315
37.3

25.0
11.1

BMD
MBMDs,

(mg/em?)

38.1
26.2
24.2
24.2
28.5

9.9
10.6

9.1

9.9
13.2
19.6
27.6
38.0
13.8
29.1
38.8
13.6
24.9
40.4
316
36.7

24.2
10.5

BMD-

MBMD,z,

(mg/em?)
40.9
26.4
234
24.5
29.8

7.3
6.6
4.1
6.2
9.6
17.6
28.4
41.9
10.7
29.8
40.8
11.3
25.3
44.8
34.0
40.2

24.0
13.2

BMD-
CBMDs,
(mg/cm?)
31.6
19.7
17.5
18.0
22.3
3.8
3.8
2.0
3.3
6.3
12.8
21.3
32.0
7.1
22.6
319
7.3
18.7
344
25.6
30.7

17.8
10.7

CBMD: BMD value calibrated for the beam hardening

BMD-
CBMD, 3
(mg/cm?)

39.4
25.0
22,5
22.6
27.8
5.3
6.0
4.1
5.2
9.2
16.9
26.7
39.4
9.9
28.5
40.2
9.7
23.5
42.3
31.6
37.8

22.6
12.8

R eas 4554 3% 45 9%
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LOoOMBIYEIC bMEIZ o7z 2N
BMD % 1 #i{g = ic RTAH2% & ROINTH
BMD 235 v % |3 80kV A 12 131 23.
2mg/cm® TH 0, 120kV o 8 A1 1& F ¥ 22,
Smg/em® Thotz, WMHELHEWR 77> 2D
REFICHB L ToN7 X0 R ED 7295, Zhid
MARDERL 7 7 > b 2D & 5 B¥EERTIZ LW
HEHZ L, L LliEoMICIZER7 7 >~
FADL D TEELEIRD LN o7z,

RZ>T4 721 AD80kV & 120kV 21T 5
il BMD {iz Table3 @ 4, S54HICRLZZ
EXTHE, FizTabledm6, THIHIZRLR
HIZE— L « ~N— F =2 7OME» P L 7208
#iilE BMD{ETH 5.

F 72, (DO 2 H v T b 72 U N5 1w aE
BMD fiti & Iillifk # Table 4 » 8, 9%|HIZRL
7z. Table 3 @ 10, 11 %I H (& ENRI#iE BMD
fili &M% BMD i & D#TH 5, Z Dzl 80kV
DA I3 24.2mg/em?®, 120kV 41213
) 24.0mg/em® TH ), WHEMICHEEITRR
Lch -7z,

% 72, Table3 ? 12, 13 %1 H i2 &8 B8 B i 1
BMD fiti * $E#1E BMD i > »#ThH 5. 2D
#13 80kV A1 13 17.8mg/cm?, 120kV
DA LT 22.6mg/cm® TH Y, 80kV oy
AT A o 12, VR B Al OE BMD i & #
BMD fiti & @[ T3 80kV, 120KV i & M T
Rl EARBD b Nk o 22, THUZRE
BMDETIZE—4 - —F=> 7 H b wIiTHER
DFVEARNZ L B L BHINIRIE O L b
WBE L TwaHreEZ b b, HENRDHIE
BMDfilE—24 - "= F=r 7 HbIFEED
IEEAR R & BB A BERE L 22 MU #lIE BMD fil
EDFEF, 80KV AT 120kV i g L T4 %
(, 77> b 2EBEROYA L FEERC 80KV Ol H¢
TN DD e Z E R LTV 5,

Fig. 6 (2 MUE ARG Al 1E BMD fii & )% BMD fi
D RNIED O PIGR 2 80kV, 120kV B9
BOTHHLAZLOTH S, HAHEMDOMWHEIZ
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Fig.6 The relationship between the difference of the
true BMD value from the measured BMD value and the
concentration of bone marrow fat at each tube voltage
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Fig.7 The relationship between the difference of the
true BMD value from the calibrated BMD value and
the concentration of bone ma»row fat at each tube
voltage
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Fig.8 Age dependency of BMD in female
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