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— Abstract —

Quantitative Assessment of Magnetic Resonance Imaging

for the Noninvasive Evaluation of Bone Marrow Cellularity

in Workers with Long-term Exposure to Solvents

Hae-Kwan Cheong, Dae Seob Choi"”, Keon Uk Park”, Hwan Jung Yun”

Jung Ran Kim”, Kyung-Im Ha”, Seoung-Oh Yang®, Yangho Kim”

Department of Preventive Medicine, Radiology”. Internal Medicine”, Pathology”. and Clinical

Pathology”. Dongguk University College of Medicine
Department of Internal Medicine, Chungnam University College of Medicine”
Department of Radiology”. and Environmental and Occupational Medicine”,

Ulsan University Hospital

Objectives : To develop a quantitative and noninvasive method of bone marrow cellu-

larity evaluation in solvent-exposed painters.

Methods : Six painters (mean age 46.5 years, 5 males and one female) with hypocellu-
lar marrow, and 132 controls were examined using magnetic resonance imaging (MRI). A
full examination of the peripheral blood and a bone marrow biopsy was done on each
patient. Signal intensities were measured at the vertebral bodies from T12 to S1 on both
the T1- and the T2-weighted image (T1WI and T2WI). Signal indices were calculated by
dividing the signal indices of the vertebral bodies by that of the paraspinal muscle and

the subcutaneous fat in the same view.

Results @ The Bone marrow cellularities of the cases painters were between 20.3% and
33.6%. Signal indices based on the muscle at T1IWI were greater in the cases of the
painters compared to those of the controls (p€0.05, p<0.01). Signal indices based on the
muscle at TIWI were significantly higher in older women compared with men (p<0.05).
After adjusting for age and gender, the signal index of cases at S1 based on muscle of
T1WI was higher than that of the controls by 0.364. Five of the six cases had a muscle
signal index at S1 of T1WI higher than the mean + 1 standard deviation for the same age

group and gender.

Conclusions : MR signal indices are influenced by constitutional factors such as fat
content, bone density, and the presence of other pathology. However, after adequate
adjustment, it can be used as a useful indicator of bone marrow cellularity in a high-risk

population.

Key Words : Magnetic resonance imaging, Bone marrow diseases, Leukopenia, Solvents,

Occupational exposure
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Table 1. General characteristics of the cases and referents
Contents Hypocellularity cases Referents
(N=6) (N=132)
No (%) No (%)
Age
30-39 1(16.7) 50 (37.9)
40-49 3 (50.0) 50 (37.9)
50-59 2 (33.3) 32 (23.2)
Gender
Male 5 (83.3) 67 (50.8)
Female 1(16.7) 65 (49.2)
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Fig. 1. Measurement of bone marrow MR signal
indices. Bone marrow signal intensities
were measured at T12, L1-5, Sl vertebral
body (Only L1 and L2 are shown here.)
of sagittal view of Tl-weighted image
(TR 615/TE 12). For the reference. signal
intensities of paravertebral muscles (M)
and subcutaneous fat (F) at the upper
hip were measured at the same view.

£ B3 AuA HuE fete ded 22 34
J wat Z5 A5 EA % (bone marrow signal

index) & T3t

186

oo wheh 1919 T1 % T2 242G dolAl 242 7
FAA 12 FF-A 1 AF)el diste] 25 2 A

B 2 dezel AEAE SPe SU8 Mg
o WA HESE Ageel Aegn B
Aol g Aue Aol AgaA FE A

8= 25 SPSS/Win ver 10.02 Algsle] &
1 5 o)

Attt 2 Mg By E 2918 & IS5 &
o WE F¢= A=A RS Aol Student t-
5 . W] I 3 o)

(_,
o
2
fru

o o
»
I
=
=]
QL
9
kel
¢
i

735 dYEAHEE T} post hoc testZ Tukey<l

lo

(,):xl

WS olgaled tiEuwaidr. Fre] B
a0 et 14S A3kl Levene BAFL 7
sle] vlmelddty, B4 AsdEAEd] AL vA|
£ 99g 3] 9lste] B4 ATPEALE T
G, BFAT RS dY 2 PAS SPusw
sl HFAFINENL ol g3l BHHAT. 3
Qe el B4 AFAEAE FES FuAE
A7) Slstel 7t 104 @l

i

A

>
o
-
Q‘L
et
oo

>
N,
2
(]
>,
ik i
o
~
>,
il
N
M
o
fru
et
2
2
)

12.0 g/dL o]/l mA|A] Zshe W™ 7ol U
o W 4= 2 100/mm’lA 7,600/mm® Ale]
dom 19S Aestie % 4,000/mm’ ©lskd
o Wdgrt 7.600/mm’d FAE o] A
A= 4,000/mm’ olake] W Ha AHE B
o dAad e 490] 140,000/mm’ ©]3F, 39o]
70.000/mm?’ °l&titt. wxd o = Alel s B
o] ofghel FhA olglo] 5 AFHE HolA

dab 19e] "aart @b 13.0 g/dL o4,
I
2,



ol S - &5 L HIIE 2IE A7|SBEye 28
Table 2. Hematologic and bone marrow features of the study subjects
Age Duration Peripheral blood Bone marrow
Case Job of work Hb* WBC Platelet L. Cellularity'
/Sex Smear Aspiration
(years) (g/dL) (/mm’) (10°/mm?) (%)

Slightly decreased
1 52/M Painting 11 13.7 4,000 65 leukocytes

Decreased platelets

Hypocellular marrow  16.8-28.0
Slight thrombocytopenia (20.3)

2 45/F  Painting 13 10.6 3,800 180  Slightly decreased Hypocellular marrow  22.5-37.9
leukocytes Iron deficiency anemia (30.2)
Neutropenia

Hypocellular marrow — 22.1-41.2
3 55/M Painting 12 13.5 2.100 59 Decreased platelets

with few giant forms

Poor platelet production  (33.6)

Slightly decreased

22.0-35.8
4 45/M  Painting 13 14.2 3,800 130 neutrophil Hypocellular marrow (98.4)
Relative lymphocytosis ’
5 48/M  Painting 16 13.7 4,000 65 Hypocellular marrow 21('3627%72)' 5
6 34/M Painting 12 12.0 7 600 150 Macrocytic anemia Hypocellular marrow  29.6-32.7

Slight anisocytosis Slightly decreased M/E ratio (30.9)

* Hb: hemoglobin

" range(mean)

Table 3. Comparison of MR singal indices of Tl-weighted image between hypocellular marrow

cases and referents (Mean+8D)
Signal index based on muscle’ Signal index based on fat'
Level Referents Hypocellular I Referents Hypocellular )
(N=132) marrow p-value (N=132) marrow p-value
(N=6) (N=6)

T12 0.95+0.19 1.21+0.21 0.002 0.17£0.06 0.16%+0.03 0.378
L1 0.93£0.17 1.12+0.22 0.009 0.16%£0.05 0.15+0.03 0.383
L2 0.88+0.16 1.05+0.26 0.018 0.16%£0.05 0.14%0.03 0.519
L3 0.85+0.15 1.01+0.24 0.016 0.15+£0.05 0.13%£0.03 0.554
L4 0.83%£0.15 0.98+0.22 0.020 0.15+£0.05 0.13%£0.02 0.319
L5 0.86+£0.17 1.15+0.18 0.000 0.15+£0.05 0.15+0.02 0.364
S1 1.03+0.26 1.44+0.25 0.000 0.18£0.07 0.19£0.07 0.251

" signal intensity of bone marrow (T12-S1) / signal intensity of paraspinal muscle
' signal intensity of bone marrow (T12-S1) / signal intensity of subcutaneous fat
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Fig. 2. Bone marrow biopsy findings of shipyard painters with leukopenia showing vari-
ous degrees of cellularity: 45 % (A), 30 % (B), 17 % (C), and 7 % (D). (H&E, x200)
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Table 4. Multiple linear regression analysis on
indices by reference region
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the factors associated with the bone marrow signal

Reference Level Age Gender Hypocellular marrow
region Beta SE  pvalue Beta SE  pvalue Beta SE  p-value
Muscle”  T12 0.003 0.002 0.091 -0.036  0.033  0.279 0.194 0.081  0.017
L1 0.002 0.002 0.164 -0.011  0.031  0.711 0.144  0.075  0.056
L2 0.003 0.002  0.055 -0.027 0.029  0.364 0.129  0.071  0.072
L3 0.003 0.001  0.025 -0.018 0.027  0.498 0.113  0.065  0.085
L4 0.004 0.001  0.010 -0.001  0.027  0.982 0.123  0.064  0.058
L5 0.005 0.002 0.001 0.008 0.029 0.788 0.221  0.070  0.002
S1 0.009 0.002  0.000 0.011 0.043  0.803 0.364 0.104 0.001
Fat' T12 0.001 0.001  0.267 -0.027 0.010  0.006 0.014 0.023 0.563
L1 0.000  0.000  0.400 -0.021  0.009  0.020 0.004 0.022  0.857
L2 0.001  0.000 0.198 -0.023 0.009  0.008 -0.002 0.021  0.908
L3 0.001  0.000 0.162 -0.021  0.008  0.011 -0.004 0.020 0.842
L4 0.001  0.000 0.121 -0.017 0.008  0.033 0.000  0.019 0.986
L5 0.001  0.000 0.035 -0.017  0.008  0.041 0.018 0.020 0.387
S1 0.002 0.001 0.014 -0.022 0.012  0.078 0.055  0.030 0.069

'signalintensityofbonemarrow(T12-S1)/signalintensityof paraspinalmuscle

'signalintensityofbonemarrow(T12-S1)/signalintensityofsubcutaneousfat
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Fig. 3. MR signal indices of bone marrow at T1-weighted image with reference to muscle
by age group and gender. Effect of age in the bone marrow signal intensity is
not significantly different in males (A), but evident in females (B) in most of
the levels, especially after age 40 (p<0.05., p<0.01). Bone marrow signal indices
with reference to muscle (C) are not different by gender, but those with refer-
ence to fat are significantly different in T12, L1-3 (p<0.05, p<0.01)(D).

Table 5. Hematologic and bone marrow features of the cases

Case Number of

Examination Criteria

—_
Do
(o)}

positive cases

MRI Mean +1 SD 5
Mean +2 SD
CBC WBC < 4,500/mm’
(4,000/mm’
Platelet < 140,000/mm”
{70,000/mm’
Bone marrow cellularity < 40%

(30%
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Fig. 4. Tl-weighted images of lumbar MRI of a 52 years old male painter with leukope-
nia and hypocellular marrow (A, mean cellularity 20.3 %) was compared to that
of a 55 years old man with bulging disc but no evidence marrow disturbance (B).
Bone marrow signal index with reference to paravertebral muscle intensity was
0.120 (A) and 0.130 (B) at L1, but was 0.142 (A) and 1.226 (B) at S1. Bone
marrow signal intensity of the patient (A) had more heterogeneity, showing mot-
tled pattern, com-pared to the referent (B).
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Fig. 5. Relative distribution of the bone marrow
signal indices with reference to muscle at
T1WI, compared to the mean and stan-
dard deviation of the referents of the
same age group and gender. Hypocellular
cases are distributed over wide range in
lumbar vertebrae, but clustered at T12,
L5, and S1. At L5 and S1 level, five out
of six cases are distributed over one
standard deviation.
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referents of the same age group and gen-
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U HZ B0 EedEd 9 AU feEd =
£ Z7F o= Qg FARle F4 FAme Wig
o] 7}gdel ot ofof tigt A4rF =& =l
A= gdR1e 25 FAE ek Burt gl
T FARY S St 93 g A
o] F& o|Fo] kEdl I FHFo| o]FIA|A
ool WEleate] FHA FEo Eshe AUt B
th AuAA BEA 25 AR 4F AE
< Chalkley 5(1943)9] o] glov; # o=
image analyzerg& AH&3ste] £Hdxu HEgt =5

FAES] Aol 7sstAl =AUk

A7 EH G L ol 8F B FARY L2 A
7137 Qke] ottt &85 AFe 27|FEH
oI Dooms et al., 1985: Denkhaus et al., 1986:
Porter et al., 1986). o1% 7|49 714

R} PRl B4 FUE FE NG JYE)
WHo] o] RolA gtk A1 FHIE o G B
FAE Ble BRAE ERO B2 AR5
o Aol 2 o] Zloleh. AWAE, = 2 wuldel
T4 AR W ABAEA e AN EoA



H717F v et

L
R

ol A

XA Z= 40 %,

0|

22 15 %, 80 %, 5 %0H| v

F724)

2pe)

A

2AugE 7)

20 %= o]FolA Ao (Steiner, 1990). w

40 %,

Tl

|

2 AR

o}o

0|
o

aich

o7 AMgete A¢7F Bk aev B

= 47
2 AT mE f4ze F7b BA

AAEY Z4l

L

L

2 A5

s

o A"gA

=
=

=0}

|

o

ol

of A

-
X

a3y gakrel &

AT,

)

3

e}

dae] E7IA =84

-
X

A

L

R

°|

o] 2R Wl o,

olelgt 3

= UTH(Schick, 1995).

&

)

2o =74 (spin echo sequence)°ll A

ol

Hu

oA
o] 29l

Bl BX

=
-

3]

Z
il

ol Al 1
=

i<

1

RS

7F

1t}
=
=
S
[

L

T1 ©]

[e]

el A

Jolz e

2
o
(1988)

Ap o

o]
47l ARE WA B AgelAE o

=

b
o

pud

SHEo|A] AR BT o Zgre),

A

A=}
RS
°

85

o ol A7l

p
pu

Richards

F719)
2}

A 4

U

. 1986).
ofe] R9lelA AT 2

AR S upel ®Helr)
< tHHartsock et al., 1965).

7]
o,

L

L

itk
= A,

L

_/F
o

<13

=<1

] @t} (Porter et al.

=

=
<
=R

=

715E o]&53 Ak (Vogler & Murphy,

A

249
%
o] A

%
it

=

A
i
"o
ol
ol

Br
&
®o

_—

X
T
ol
N

=

5kt
T3 o]

9

Al
L=

gl 217} glvt

L

of w=} WMoz}

Eis

S

&

]

e

e

)

"

I

AN
193

A, 2 Hlgo]



A 143 A 2= 20024

Zue] gitt. o2 Slske] WFE
=+ 3T

=
Jor Wxe] g2 & F= AR o] B¢ %

= O
o] ShjuE FRF 5o 2TE Fue]

2

7b olfh. whebs G Eol Stk Ak dnk
Al #HF MRI #9499 22 oz #Ga 44
A EAste Aol t ebdatrta ddaitt

vizwel g4, d¥eE Exe ve 534
FEe Holet 2HA R A5 AFe Skl
gt S ASAEAFIL S7keke FEe BHilen
AR FIHEAT A olH T FEe odelA 40
O olF9] ZF AZAEARE T7IR Q% Aow
el th(Fig 3). o7& datd oz A7 F7tdd w
g 7 AR Fas Ad#E g Btk Tl
olgAZtE AF 4T o A7 (Dooms et al.,
1985: Richards et al., 1988)% & Z 7} we

4 T1 o|gAIZke] ZAE Hugk v gich. ey
Ao o dA3] Yehude A2 H7A olF =
Ae ZHedE ARE o B 4 stk T1 &%
NEPEATE dxpx oz vk sl Jgrs wh
Ak U= Ay 2 AR Ao E 5o 9¢S
WS 4= dth(Ito et al, 1994: Ishizaka et al.,

re
4
2,
X0
fr
P
[o
it
f
)
fr
=
S,
rr
e
2
-
2
X
e

A

)
oL

1

&
>
folr
o)

1

>,
g=c}
N
=
)
ox
=
2

L ar
oL

urh ol
o=

T

_O|L
X
o
)
i

> ]—o
r
IO
&)
@
@
o
X
Jo

e
Ol

iy

b1
o

N

N

o}

rl

_>‘~1_‘

N,

o

ol

of

o

o r

S

oo

ol

£

ik

&

ofj
o Ar LB
o ok *ﬁ
4
q
30

2
X
)
o
o

N

o
F flot
B
e N
4 ofo
o, o i
T s
fr ok
= i)
2 gy ooy K

AtH(Steiner et al., 1990). oF

25 AZPEARE ol g3

12

r S
o)

N

N

O
ik 4
o

rr

o
g

2
Hr
gt
S
T
N
ey
)

>~
>
oo
o
%o

= o] AMg 7 .
AeAEe A 3 717] 236l wep vlg- st
7t Al vlart sk gt et
A

=
g #49 AR Eez 2449 182

LTI
5
1o
o,
o
Ho
i
2
o
fru

to me
=il
ol
rir
o
i
o
i3
oN,

Bu7} ek Kanwar et al., 1995: Lewis et al.,
1995). ey &2t ERFol og w2 vbg =

194

o,
=]
wo F
5
g

w2} BEe) Aol
o AwelA a7 4

o

&
0%
2 oX

b
N

2
re e o8,
I
tlo

o =

ot
2
X
i)
M
o
107
fol
<}_.')‘_111\1_1
A
ﬁ‘
il
oo Ml Al

S
op
ol
il
£

o
H
N
=]
i

A& ol A

o 4

f
o
R
3 o
oY
_|>::
%
I

K L

o =

Tew
£
T

)

<
e
ENE

' N1Exge st
S7=o]tHSmith et al., 1989: Depaoli
1.. 1992). 28U B Ao 28 13
o AASA ot Al 12 F
NNEHoZ ol gl TS
Fag oy A e o] g3l =
JAulch Wol7l Zu AT o)
3 Aol WoFA] FEATh
Aol FRF ATl Hlste] 3t
Bgel B4 71918

o
=
5ol A5 vlud £¥7F 12n

> T

¢

D
+
o

ol
5
(e
M

A
By
Q‘Lt
a0
i

N
=

B
N
oo g Iz

o

3
i ok e i

o

B
2
o)

o
- .
o
)

o

o
Y,
o
e
[
rO

5=
o,
>

ol o bR

o]
—

|

N
S
u
5
50
(o]
K
e
o,
N
-0,
>
5 b

T
&
v}
i)
rd
Ho
=
1o,
N,
o |
o 7
o
i)
il
%
ox. o
o
2

Hzorr ¥

. oA

).
>
fol
o
a
=3
lo

-3
(o]
N
%0,
32
iV
A

Lo
i
o>
)
+

)
il
N

Qg
o
BN
F‘E M o2
o}
FL(; }-m 18
5
W
iz
)
N,
>
}a2)
o 04 11]

N
o
30,
2
of

M
® s
lo 1o

el d=o] H el
Az webd Axbee

& B5 ABPEAEI Y

o e o
4
M
N}
D)
rﬂ
=
I,
Lom oy
ofl fo ox N O W i
ox dlo O rE ool 24

¥o N o o Jro e = f B Ao ol xR
o
o
™ to
JR L o

rlrr{w%érir‘
W ko
[

)
RUE )
)
_(‘)L
39
o

Iy

<
uh

Al A7|= HluE a

2171l A tizael e 3o Bes)
EAE sdste WO E T1 o &AIZE A
sk el gtk T1 oAk "jAgl FA=
7171l wet ®epA] ko r|E XA Xl 9
g A g Aol Urh. Smith F(1989)%
McKinsky 5(1987)& & H929] T1 o7+

=
AH FHce] FFAAEE Bote] de F5 FHE
ob vi§- T2 FREAE ZYS Busiglvh Tl o
S A SAE] Aeide 2=de 2Rl
el A 23] o]de] Hodo] o Alzke] Wo] A
SHBR AWl Egde A 5 /it



) do oo do T R
P KR mﬁéﬂ@%ﬂ
NERHRPURR D T
1r ﬂio7odl]‘0| ﬂ_uO,IEJEqMWL‘:‘._‘OlO#EO
T E R [ G IR Th BT hmw mw
JE U R TN o @JMx_zﬁo%%ﬂ [T Al
~ mo it L.O_ZT,A . iL ,HL‘IF‘A S l;o XHUq
Jaaﬂzm%mo%_aﬁqlar@ G R ﬂ_x_td%%,uo1%1q
o %1m%%ﬁoooﬂao% it ,mifwmurym?_ﬂir AR
Wl m.xd.xzvz;ﬁﬁl&%ﬁbﬁbw_zTL#Lﬂa_mmﬁ aiiaﬁﬂﬁmwg_&u m%w,wvu]r@,_iaﬂr.uuﬂl_x_ﬂ
a ﬂ%%méﬂf AEamMﬂﬂ\ld. W oo =0 K komﬂ‘_s%_nan&1u|m.
DO s W PRI = X o %.Eﬂi.ﬂkfrﬁo o %o %ﬁuarg
5 %€¢OMW%¢%¢W%J -y %qgﬁ%wmﬂOW%éﬂ¢wg%a
oo B Muar%ﬂ%yﬁamommv_yé - o 5 Aﬂmﬂ_h%ﬂ_d% S
= mﬂAﬂaEﬁAﬁﬁgmﬂ.selraﬂ‘m,AQILwﬂ_ ry ATEE‘WDJIE.._EL7 m_Alel iﬂmﬁwl_
s Moz oH mﬁﬂLﬂiﬁLxL_zT.ﬂ%Ax o AR 5 AL B ﬂmomﬂ}%@du}oé
w W e @ o P By 0 R I ICH s TR EIT T s %
B 1%%@0 T %o N S g [ %urm%ﬂu'c,ﬁ%PaTﬁTxO
o SN o M%E._to#ﬂ\_%um,mASOT%:.L .x.@ﬁ.%i A7oﬂo1r1_]]];bile_x_ﬁ
i w%@amwmr#%%%%ﬁﬁaﬂﬂoeaaﬂm%ﬂﬂaﬂ%ﬁaﬂ«w%OM%W,MAMUOM%E,MOE
~ ' —_ [ 11— R o [ — N =
= Mﬂﬂg&ﬁo%;o.?W@@@mww%u%%n%%w@%g@wagéa
L_ﬂT]ﬂo_.olﬁ.L ,._...L.,_d|\_ B K — & 0 o T go A = ® =
i mgw%1gww%%%MW4gwg%%wa@mg¢M%ﬂQMmewm%
Ko _asé%urlaa R L e RHATNR w Lﬂo_i% = __
%o o To o 2 ﬁ.ﬂﬂwdﬁ7l ]ﬂn?ridﬂ = _ﬂauwllm_uﬂ
4 j@a4W%%ﬁ%m%agx@ @Mwwlﬂa@mawm%@ovaﬂaﬂ
0 momﬂﬂ%A%%mﬂmg1.LfEOW%%%W%@@ﬂﬂﬁﬁ%ﬂ%?i X
—_ =< T N f —_ ; —
= mﬂmuxa%&%ro%w%wz_owqwrw HEm AR pr @k o
= T e < % S - : Nr 5% TR 3
o ol _6,016“106 ]ZMﬂmﬂ = L= N = 2
R0 1=_L7o17_401 - = ] N o A )
) PRFRERTER N Mgmﬁgﬁmﬁwwaﬂggﬂ .
b o omE AR Z Yoo S ne e N -
— — e o) N % B
- - U N S-S Y T %o I gl
JRﬂfr%Pmmr mﬁumm.m_m),l,:_og ﬂo%Sm% t%%ﬁswﬁmﬂﬂ.% p
= ET%@&Mwﬂ:.mo%r%L@@ A T i kg ~
SRyt bEal T E NI 1533087528000 o
> i ateg_dls i 2.8 =5 ) m_woLluﬁmooT(l\&o_zodl_/L.mvi wORT
io).i?e).mﬂ.gﬂiasl.n NI A= g X iiﬂmﬂtd_%
gwMﬂ%muuﬂ%niomamamag S ao#%x%wgﬂ_mg
%m%ﬂiﬁ%ﬂﬂ%frﬁnuamaa ﬂﬂzrﬁumﬁuﬁma%%ﬂ%ﬂ.m%frLV
=T} BTN 11%10 8« g @%naﬁznulﬂ N
LT I B 2 Ezit T3 ;%omm%oum%anq@
> 25 m7ﬂa%1%aﬂawﬂam%mﬁq:;aﬂgaiﬂmm;ﬁﬁw R
®og 2 — 5 e ™ g = S711 ) A 2 Wy H ~ T 75
S iR me s i%.munuL P TR AW WY
NS ol i o o) juriy =S &l < N 9 ) ~ W X op ol bt e
B g ArEiu__smmm.(.s9 ﬂ%%mﬂ%ﬂ%eé I ® e A
er,AEuIa m_mv]qmﬁe ~ SER] ) N0 ,|1ﬂ1rr7nn.,u_._1m.mhdllo€
X Y 1o Hoop & KH s ,%oﬁ;o 2 v w - )
s o RO z R = W g o%]q,ﬂi&.&i %0 ER R = & o 9
Ep.mm:o;ﬂmfﬂx CHR I 1.&5;1&%1 zm§2% R R
‘IUSVI‘I&O Bl—l@l‘ﬁo — o aXJZI < f 8 ot ¢
Aasrﬂé MY o 45% ,ﬂo%t& %?1 mﬂd.ﬁ@rﬂ ,_fiﬂmﬂrx
o 5 ST %.Lgﬂ%ﬂ LoWes%ﬂizEm%ﬂﬂm ob_:fméci%
?mm%ﬁT%g%ﬁngmmmm%ﬂw%Qawﬁis%ﬂﬁgm?@%
Nt X i - — — oo
%%w%%@lﬁﬁoﬁo SE 22 RSP B IS
]ﬂtoﬁﬁo.,i.zﬂ%ﬂmo.n@C ug% WX R T
SR g Td CR I LEE o AZ0
mﬂﬂ_.owraﬂdﬂ n = WX 3 §.
2 =W A SO (T
o_i/@%uxc

195

& sk ANE Sleit
TR

ZT
1A el e9E Aol giek. o
Ho o b

=

=

s}



20024

=l

A2

14 H

=talX|

Ao

o
ﬂmo

FATH(p<0. 05,

o

9,]

)

ar

Fol e

A

30019k 50tzke]
e o

<0.01).

3]

‘_ﬁo

W A

=z

o T1 7%

[}

oA 0.364

A
_7[:

o

%

]

b A 1A

A1 Ao Tl

I

el

=

2pol & HATH(pC0.05). ©
=1

Aol Azl H]

FEA A AP
=T

2=
T

=

=

Z| A}

oot

[

77y 7Fs

]

¥

i

I
pi

% F4a%d )
F71gA 3712

o &

[e]
A

Tk
Ho
~

1

]
(8

%

Nd

f
H

A 771841 271

)

I
Rl

[e)

1998 8€E 2000 1€7HA]
17 chehs

AT,
4
o

o

A8

T

A

9135wl 4

&2 6 (dAF 5%, Ak 1

o
=

22|

\.mo

A71E

a3y

=i}
=

A%

2
T

)

g @b 1329 (4 67, oA+ 65

253 2]

bt

S

A 30-594) = A%

=3
=

42.5A],

7l
ilF

Ka

2IEALY] o

3z

o 8t3]#] 1997:9(4) :549-64.

312 1999:11(2):287-92.
718

3}
o]

S

A
fus

Kis

vivo measurements of bone marrow cellularity
using volume-localized proton NMR spec-
troscopy. Magn Reson Med 1991:19:85-95.

Chalkley HW. Method for the quantitative mor-
phologic analysis of tissues. J Natl Cancer Inst

1943:4:47-53.
Cook RR, Booner KM, Kolesar RC, VanPeenen

MC, Zakowski M, Sheridan C, Koutcher JA. In

4. 1996.
Ballon D, Jakubowski A, Gabrilove J, Graham

T

AEE A 12
o] zolE 71 &

=5 THET 20.3-33.6 %°l
4= 2,100-7,600/mm’ ©]

o
M &
)

Ay

A

A

DA

2]

[¢)
28

g

ATHpC0.05, p<0.01).

196



PPD, Dickson GS, Anagan KF. A cross—section-
al study of ethylene glycol monomethyl ether
process employees. Arch Environ Med 1982:37(6)
1346-51.

Cullen MR, Rado T, Waldron JA, Sparer J,
Welch LS. Bone marrow injury in lithographers
exposed to glycol ehters and organic solvents
used in multicolor offset and ultraviolet curing
printing processes. Arch Environ Health 1983
:38(6):347-54.

Cullen MR, Solomon LR, Pace PE, Buckley P,
Buffy TP, McPhedran P, Kelsey KT, Redlich
CA. Morphologic, biochemical, and cytogenetic
studies of bone marrow and circulating blood
cells in painters exposed to ethylene glycol
ethers. Environ Res 1992:59:250-64.

Denkhaus W, Steldern Dv, Botzenhardt U,
Konietzko H. Lymphocyte subpopulations in sol-
vent-exposed workers. Int Arch Occup Environ
Health 1986:57:109-15.

Depaoli L, Davini O, Foggetti MD, Ficara F,
Priotto C, Cirillo R, Resegotti L. Evaluation of
bone marrow cellularity by magnetic resonance
imaging in patients with myelodysplastic syn-
drome. Eur J Haematol 1992:49:105-7.

Dooms GC, Fisher MR, Hricak H, Richardson M,
Crooks LE, Genant HK. Bone marrow imaging:
magnetic resonance studies related to age and
sex. Radiology 1985:155:429-32.

Hartsock RJ, Smith EB, Petty CS. Normal varia-
tions with aging of the amount of hematopoeitic
tissue bone marrow from the anterior iliac crest:
A study made from 177 cases of sudden death
examined by necropsy. Am J Clin Path 1965:
43(4):326-31.

Ishizaka H, Horikoshi H, Inoue T, Fukusato T,
Matsumoto M. Bone marrow cellularity: quan-
tification by chemical-shift misregistration in
magnetic resonance imaging and comparison
with histomorphometrical techniques. Australas
Radiol 1995:39:411-4.

Ishizaka H, Tomiyoshi K, Matsumoto M. MR
quantification of bone marrow cellularity: use of
chemical-shift misregistration artifact. AJR 1993
1160(3):572-4.

Ito M, Ito M, Hayashi K, Noguchi M, Kitamori
H. Evaluation of spinal bone changes in
patients with chronic renal failure by CT and
MR imaging with pathologic correlation. Acta

dallgt S -

U

AE B

Of
o
rol
A
N
OH
02
02

ket
10
]
0

A
L

Radiol 1994:35:291-5.

Kanwar VS, Wang WC, Winer Muram HT,
Kauffman WM, Gronemeyer SA, Head DR.
Magnetic resonance imaging for evaluation of
childhood aplastic anemia. J Pediatr Hematol
Oncol 1995:17(4):284-9.

Kim Y, Jung K, Hwang T, Jung G, Kim H, Park J,
Kim J, Park J, Park D, Park S, Choi K, Moon Y.
Hematopoeitic and reproductive hazards of
Korean electronic workers exposed to solvents
containing 2-bromopropane. Scand J Work Envi
-ron Health 1996:22:387-91.

Kim Y, Lee NR, Sakai T, Kim KS, Yang JS, Park S,
Lee CR, Cheong HK, Moon Y. Evaluation of
exposure to ethylene glycol monoethyl ether
acetates and their possible haematological effects
on shipyard painters. Occup Environ Med 1999
:56(6):378-82.

Larese F, Fiorito A, De Zonti R. The possible
haematological effects of glycol monomethyl
ether in frame factory. Br J Ind Med 1992:49
1131-3.

Lewis S, Wainscoat JS, Moore NR, Golding SJ.
Magnetic resonance imaging in myelodysplastic
syndromes. Br J Radiol 1995:68:121-7.

McKinstry CS, Steiner RE, Young AT, Jones L,
Swirsky D, Aber V. Bone marrow in leukemia
and aplastic anemia: MR imaging before, during,
and after treatment. Radiology 1987:162:701-7.

Mulkern RV, Meng J, Oshio K, Guttmann CR,
Jaramillo D. Bone marrow characterization in
the lumbar spine with inner volume spectroscopic
CPMG imaging studies. J Magn Reson Imaging
1994:4(4) :585-9.

Negendank W, Weissman D, Bey TM, de Planque
MM, Karanes C, Smith MR, Ratanatharathorn
V. Bishop CR, Al-Katib AM, Sensenbrenner
LL. Evidence for clonal disease by magnetic res-
onance imaging in patients with hypoplastic
marrow disorders. Blood 1991:78:2872-9.

Ohi G, Wegman DH. Transcutaneous ethylene
glycol monomethyl ether poisoning in the work
setting. J Occup Med 1978:20(10):675-6.

Porter BA, Shields AF, Olson D. Magnetic reso—
nance imaging of bone marrow disorders. RCNA
1986:24(2):269-89.

Richards MA, Webb JAW, Jewell SE, Gregory
WM, Reznek RH. In-vivo measurement of spin
lattice relaxation time (T1) of bone marrow in

197



CHtArele

Ste[Al M 14 M 2 3 20024
healthy volunteers: the effects of age and sex.
Br J Radiol 1988:61:30-3.

Rosen BR, Flemming DM, Kuschner DC, Zaner
KS. Buxton RB, Bennet WP, Wismer GL,
Brady TJ. Hematologic bone marrow disorders:
Quantitative chemical shift MR imaging.
Radiology 1988:169:799-804.

Schick F., Einsele H, Kost R, Duda S, Jung WI,
Lutz O, Claussen CD. Hematopoietic reconstitu-
tion after bone marrow transplantation: assess-
ment with MR imaging and H-1 localized spec-
troscopy. J Magn Reson Imaging 1994:4(1):71-8.

Schick F, Weiss B, Einsele H. Magnetic resonance
imaging reveals a markedly inhomogeneous dis-
tribution of marrow cellularity in a patient with
myelodysplasia. Ann Hematol 1995:71(3):143-6.

198

Smith MT. Overview of benzene-induced aplastic
anemia. Eur J Haematol 1996:57:107-10.

Smith SR, Williams CE, Davies JM, Edwards RH.
Bone marrow disorders: characterization with
quantitative MR imaging. Radiology 1989:172(3)
:805-10.

Steiner RM, Mitchell DG, Rao VM, Murphy S,
Rifkin MD, Burk DL, Ballas SK, Vinitski S.
Magnetic resonance imaging of bone marrow:
diagnostic value in diffuse hematologic disor—
ders. Magn Reson Quarterly 1990:6(1):17-34.

Vogler JB, Murphy WA. Bone marrow imaging.
Radiology 1988:168(3):679-93.

Welch LS, Cullen MR. Effects of exposure to eth-
ylene glycol on shipyard painters: III.
Hematologic effects. Am J Ind Med 1988:14:527-36.



