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MR Relaxation Times in Diffuse Bone Marrow
Disorders : Evaluation of their clinical usefulness
in differentiation between Leukermia and Anemia

Osamu Tanaka', Tamaki Ichikawa'’,
Yasuyuki Kobayashi', Katsuhiko Matsuura",

Jun Nagai" and Shojiro Takagi?

T1 and T2 relaxation time measurements of the femoral
marrow were performed in 20 patients with acute myeloid
leukemia (AML) and 9 patients with iron deficiency or other
severe anemia who had shown diffuse abnormal signals on
MR iraging of the femoral marrow. The ability of T1 and
T2 values to differentiate between leukemic infiltration and
hyperplastic hematopoietic marrow was evaluated. Tl and
T2 ratios (T1 abnormal marrow/T1 normal marrow and T2
abnormal/T2 normal) were calculated, and the ratios of T1
to T2 (T1/T2) and of the T1 ratio to the T2 ratio (T1 ratio /
T2 ratio) were also analyzed.

Diffuse infiltrative marrows revealed prolonged T1 relax-
ation times in all patients with AML and other severe ane-
mia, and it was not possible to distinguish the two groups
of diseases on the basis of T1 values. The T2 relaxation
times varied widely in AML, but the mean T2 value of the
AML group was not statistically significantly different from
that of the anemia group. There were also no significant
differences in the T1 ratio, T2 ratio, T1/T2, and the T1
ratio / T2 ratio between leukemic infiltration and hyperplastic
hematopoietic marrow.

We concluded that measurement of T'1 and T2 relaxation
times was of limited clinical importance for the histologi-
cal characterization of diffuse bone marrow disorders.

Research Code No. : 509.9

Key words : Bone marrow, Relaxation time, Leukemia,
Anemia, MR
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MRS & PRRBEO 54 & Wif% & L TE#RH 5
EHTE, BRHEORBIENTVALD, FRilIXTLT
BEL AR CEgSZWEE W AVY, 7z, KRR SRl
7 EOEBORTE %255\ Hi% T & AMRIZ, RERORE
BEEOEIREFE T ERECFHES A 2 LAEETH LY. L
L, MR IceE S B RRE OMRIFT RIE—H IR R
ThhbIEDNE L, TOMENTsensitivity L 2, specificity
RV &b TnaY,

LEbhbiid, BHEROEFMRENNETHLE
PEE B acute myeloid leukemia (BLF, AML &B&)
& B OB RBI & R L - EAE OB MAER] & 351, K
BREEREOTIUE L T2ESRIE L, FEMEHEIC L2 BIMEL
F it 7 i 556 o0 48 B D T BB IS DV TRRET L7z

MEBLUHE

wHEiE, KREEMOMRIZTUIAROREEELE
L, #EAIEER (TUE, T2ME) % #lE L1 7: AML20JER] (5514
116, b9 Bl) 7 & Mgk R ZHE N2 EORMEE 9 i
{5 (9% 2 B, k7 1) T3H B (Table 1). TIHFSEBZT
KEE, STIRETEES2TRTHBrAEFSFLEX,
F AN THE L BREE RO ARE OEMEHREHEBRR T
EMAANER L TWA DR MRIGRAT. FHMBILBIE
BEBED 5 AMLANEEAT L7z 3 BICHRILEED S - 7245, ABicid

Table 1 Materials

Dx. No. of cases
Acute myeloid leukemia (AML) 20
Anemia 9
Iron deficiency anemia 4
Autoimmune hemolytic anemia (AIHA) 3
Pernicious anemia 2
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Table 2 T1 and T2 relaxation times and relaxation time ratios in AML

PaNt::ant Age/Sex T1 Relaxation Time T2 Relaxation Time - },-Il-l;, g e:ti o

: l_esion Normal  T1 Ratio Lesion  Normal T2 Ratio Aty
1 52 M 1149 313 3.67 41.4 45.9 0.90 27.8 4.07
2 41F 1292 362 3.57 29.5 411 0.72 43.8 4.97
3 64 M 1381 312 4.43 39.3 47.8 0.82 35.1 5.38
4 29 M 544 346 1.57 451 45.4 0.99 12.1 - 1.58
5 72F 1089 299 3.64 46.7 44.7 1.04 23.3 3.49
6 20F 1333 355 3.75 471 451 1.04 28.3 3.60
7 70M 1485 326 4.56 40.2 41.5 0.97 36.9 4.70
8 61 M 573 298 1.92 49.3 46.2 1.07 1.6 1.80
9 75 M 1092 331 3.30 38.5 43.1 0.89 28.4 3.69
10 51F 1617 344 4.70 108.0 42.3 2.55 15.0 1.84
11 64 M 1166 332 3.51 55.5 46.3 1.20 21.0 2.93
12 46 F 1269 318 3.99 46.9 47.0 1.00 27.1 4.00
13 67 M 706 299 2.36 50.7 45.3 1.12 13.9 2.11
14 21 M 687 338 2.03 47.4 45.5 1.04 14.5 1.95
15 48 F 1140 341 3.34 80.3 48.6 1.65 14.2 2.02
16 55F 1536 383 4.01 42.2 43.6 0.97 36.4 414
17 53 F 835 409 2.04 35.2 41.9 0.84 23.7 2.43
18 74 M 995 329 3.02 38.0 40.5 0.94 26.2 a.22
19 46 F 1025 320 3.20 40.4 45.7 0.88 25.4 3.62
20 53 M 1432 323 4.43 25.6 43.6 0.59 55.9 7.55

Mean+S.D. 1117+318 334+28 3.35+0.94 47.4+18.0 446123 1.06+0.41 26.0x11.5 3.46+1.49

MRIRZELANCERIIZIT bR Thhv, $72, S8iH %
RIACFFEDRERNHGIT S NEBN, w8 h S Bt
L7z, AMLBIDOERSATI220~755 ((F353.18) ¢, &I
BITIE27~721% (F3546.85%) ThH - 7.

] L 7=MRI 281332 BMRT-200FX/11 (BHREHS RS
Tesla) T, #f$:3T158HSEH400/20/2 (TR/TE/excitations)
& STIR{E1500/150/20/1 (TR/TI/TE/excitations) % FiV», Folh
HFORMIZH - 7E R 2 | L. $72, TOb v g
FERFASE£1600/20/1 (TR/TE/excitations) & T25& fSE{&
1600/80/1 (TR/TE/excitations) #3BML, T1# & 7o b v
WEEHASEM D OTIRTERES %, 70 b %R L T2HFASE
B2 GT2RHE IR 2 B L 72, %8 2 4 )VIZidbody coil
ZHHL, AF4 AE10mm, matrix|3256 x 256, field of
view (FOV) 1340cm & L7-,

FRANFERITIE & T2MEIS, T1B X UT20F N ZROEHEH
BT, sEABBREOREESEIpixel H300~5500H5MH
TEDBLSEI(ROI ; region of interest) & %5 L Cilllse L7z
T, WBE LT, BUBH T IIBHRRBOE IR
DOTHELTAEL Y, BB OBV, BIEIZT
BIOKBEEERTIT, EEOFHELZ ZOBEZEOTL, T2
fEE L7,

BFEE AT 2 BHMOBAEN 2 3R BCERS 27
OIZ, BEETHOTIEE T2HEX IRIFEEEOTI, T2ETH
NENBLT, Tlratio BLUT2ratiok L7z, T7:, B

EFEOTIEL T2ED(T1/T2), &5IZTI ratio £ T2 ratio
DI (T1 ratio/T2 ratio) (22T H MEt % Inz.7-.

AEDS L URHEIC L > THSNTIH#E, T2/HE, T ratio,
T2 ratio, T1/T27% % USIZT Iratiof T2 ratioD & 4fii & AML £
ERMBETHBL22S, FTF BEIC & o THE DS
LWwZ & 2HER L7, KT, Student Dt WMEH FVTH
G R RN 24TV, fEBRERS% TP < 0.05DH4 12, 2 B
MICEEENH L LHE L.

LB, SEOHUEEIZLZ2TUES L UT2EDIEE I oW
T3, SmithHYDJFEIZFEy, BEEEEAERD 7 7 > b —
LIZTHS L FREDORIEMEDIES D & L BT X
NTWG, LehioT, 85N TUHE, T2ME% sk &
FTAHILR, BRVAVTIRIFICELI R 2WEEZ LR
5.

i x

KBEEFEHOMRII T E AMDREES %5 LI-AML
BLUEEAMOEHEFIOTIE, T2M#H, T ratio, T2 ratio,
T1/ T2, TI ratio/ T2 ratio®—'& % # I FNTable 2& 3 |2
RY. T, SERNGEICEE Y A B EUEO B 4 Fig.l ~ 6
ICERT 5.

AMLIEFOEEFHIEOT 1E12544 755 1,61 Tmsec D14
ML, ¥ +8.D.431,117 £ 318msec T, IFEIEIHEGRE L

HAEERSE $563% £33 5
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Table 3 T1 and T2 relaxation times and relaxation time ratios in anemia

T1 Relaxation Time

T2 Relaxation Time

Patient  agessex  Dx. ‘ ‘ _ . T2 o Rato
Lesion Normal  T1 Ratio Lesion Normal T2 Ratio

21 48 F Iron 1032 319 3.24 57.5 47.3 1.22 17.9 2.66
22 50F Iron 534 31 1.72 52.8 44.0 1.20 10.1 1.43
23 27 M Iron 865 331 2.61 52.2 43.9 1.19 16.6 2.20
24 51 F Iron 1438 338 4.25 58.4 411 1.42 24.6 2.99
25 31F AlHA 737 291 2.53 43.9 38.3 1.15 16.8 2.21
26 35F AlHA 1196 331 3.61 45.8 45.9 1.00 26.1 3.62
27 41F AlHA 1253 342 3.66 55.3 451 1.23 22.7 2.99
28 72M P.A. 556 314 1.77 431 43.5 0.99 12.7 1.76
29 66 F P.A. 967 309 3.13 64.6 49.6 1.30 15.0 2.40

Mean+S.D. 953+312 321116 2.95%0.86 526+7.3 443+33 1.19+0.14 168.14+:5.4 2.48+0.67

Iron : Iron deficiency anemia  AIHA : Autoimmune hemolytic anemia  P.A. : Pernicious anemia

(msec) T1 Relaxation Time
[ ]
1,500 - :

™ T ]
[ ]
L]

] .

® L ]

. | L ]

1,000 - S .

™ L ]

™ - L ]

s
500+ i

e —
p=0.206
AML. Anemia
(n=20) (n=9)

Fig.1 T1 relaxation times in AML and anemia.

The T1 relaxation times of the proximal femoral marrow are pro-
longed in all patients with AML and severe anemia. There are
no significant differences in the mean T1 values between leuke-
mic infiltration and hyperplastic hematopoietic marrow associated
with anemia(p = 0.206).

~, FWLRTUEOEEDED Sz, I BUCH:E
MERDT 1EIZ534~1,438msec, P44+ 8.D.13953 £ 312msec
THY, AMLEFFDIERZR L7, AML B & BT
BT, MEOTUVEICHITEN A EETROON D5
72(P=0.206). BEESHOTIEEIRHMOZNLTHRL
T1 ratio®FHfEIE, AML F£7%3.35 +0.94, FIHETIZ2.95
+0.86C, TUEHEMOR:E FFECHEOEIIALN D07
(P =0.280).

AMLBIDT21E1325.6 ~108.0msec DIEV iR IZ 55346 L 72

T84 7 H25H

. T2 Relaxation Time
(msec)
[ ]
100 -
80 - -
[ ]
560 -
2 o '
s )
[] ° _
40 i .
L ]
[ ]
[ ]
20+
S — |
p=0.410
AML Anemial
(n=20) (n=9)

Fig.2 T2 relaxation times in AML and anemia.

The T2 relaxation times are widely ranged between 25.6 and 108.0
msec in AML, but the mean T2 values of the AML group are not
statistically different from those of the anemia group (p = 0.410).

A, 4 +£S.D.1347.4 + 18.0msecTH V), AMPFITII43.1~
64.6msec, ‘F+ S.D.1£52.6 £ 7.3msec TdH -7z, AMLT
X, WEBOT2ENFEFH L VEELRTFIFEALD
., 30msecE I A G L7z b 0A%2 il - 72 (Patient
No.2&£20). i#ilZ, 100msec DL EDRFEICH N T2MEEXE L7
FEGIAT 1 HIER& & 17z (Patient No.10). #ERt2ERY 22 f#AT C
1%, T2flIZBWTL, AMLEBIMDMIZEEOZEITFEED L
NZdof(P=0410). F72, TI ratio & D HFETHE
L7-T2 ratiod, AML #£%1.06 4 0.41, FIMIHFEH1.19+0.14
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T1 Ratio
5 -
H
' L]
4t [
.
; ]
:
3 - .
t
L]
2 s "
o L ]
1+ .
|
p=0.280
AML Anemia
(n=20) (n=9)

T2 Ratio
5k L]
4 -
3 B L ]
L]
: i
2+ ! .
:
1 L L]
—
p=0.371
AML Anemia
(n=20) (n=9)

Fig.3 T1 ratios in AML and anemia.

The T1 ratios, which are created by T1 relaxation time of the
abnormal marrow divided by that of the normal fatty marrow, are
not significantly different between the AML and anemia groups
(p=0.280).

Fig.4 T2 ratios in AML and anemia.

There are no statistical differences in the T2 ratios, T2 relaxation
time of the abnormal marrow/that of the normal marrow, between
leukemic infiltration and hyperplastic hematopoiesis (p = 0.371).

T1/T2
5-
4+
:
3 L
i .
. H
2+ * .
! :
1F : .
p=0.059
AML Anemia
(n=20) (n=9)

T1 Ratio/T2 Ratic
»
7 L
6 -
L]
5 B L]
L]
4t ]
] .
3+ . s
o« i
]
2 i .
L]
1r —_ 1
| p=0.071
I [
AML Anernia
(n=20) (n=9)

Fig.5 T1 relaxation time/T2 relaxation time (T1/T2) in AML and
anemia.

The AML group shows higher T1/T2 values than the anemia group,
but the mean values of these two groups show no statistical dif-

ference (p = 0.059).

ThY, HFEEIT L o72(P=0371).
KBREEMOREETMOTIHEZ T2ETKR L 7-T/T2
i, AML B4%26.0£11.5Tho720123F LT, BMBETIE
18.1+5.4 LIKMEAIR L7205, SBOfEMRET 2 HEICHE
DEBHRLNLDo72(P=0.059). S 512, Tl ratio £ T2 ra-
tioD I (T1 ratio/T2 ratio) IZDWT b, AMLEEAS.46 + 1.49
T, 248+ 0.67DEMF L) LEETH » 7248, WEDEIZ
BEEIZDOON Loz (P =0.071).

Fig.6 T1 ratio/T2 ratio in AML and anemia.

The T1 ratio / T2 ratio values of the AML group are higher than
those of the anemia group, but there is no significant difference
between leukemic infiltrative marrow and hyperplastic hematopoietic
marrow (p=0.071).

fiE il

fiEfl 1 (Patient No.7) (Fig.7)

70:%, FHEDAMLEEG]. KEEBEFEOMRICT, MWD
AR & LS TIEASER TR S, STIRETII@IE
FERTHELRFESHEI RO SN, FOfITARE
W12 TFANER LT, WEloREESLHO
FHEOTHEIXL,485msec, T2#1340.2msec T, E#EEHEHEL
DTUEIZ326msec, T2EIZ41.5msecTh -7, B BRELS

HAE SR 56 % 8%
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(A)
Fig.7 Case 1. 70-year-old male with AML (Patient No. 7).
(A) T1-weighted SE image (400/20). (B) STIR image (1500/150/20).
The MRI of the femoral marrow shows a uniformly high signal intensity on T1-weighted SE image and a low signal on STIR
image in the proximal diaphysis symmetrically. The mean T1 relaxation time of the abnormal marrow is 1,485 msec, and the

T2 value is 40.2 msec.

Fig.& Case 2. 27-year-old male with iron deficiency anemia (Patient No. 23).

(A) T1-weighted SE image (400/20). (B) STIR image (1500/150/20).

A diffuse cellular infiltration pattern is noted in the proximal femoral marrow on both T1-weighted SE and $TIR images, and the
MRI pattern is simillar to that of AML. The calculated T1 relaxation time of the abnormal marrow is 865 msec, and the T2 value is
52.2 msec.

(A)

DOTUHEIAEIE & ARFHITIER L TW0I23F L, T2l FAMNBEIZR SN, AMLERBOFRRZEL TWw, £

A F A G LTz, T ratiold4.56, T2 ratiol0.97, HEFEHOTIEIZ’65msec, T2l(£52.2msec, 1EH RN

T1/T21336.9, TI ratio/T2 ratiol34.70TdH -7z, EOTEIZ331msee, T2{HIZ43.9msec TH V), HEFRDOTI

fEDMER & L b, TMEDIERE L RSNz, TI ratiold

fiEf5 2 (Patient No.23) (Fig.8) 2.61, T2ratiold1.19, T1/T21416.6, T ratio/ T2 ratiol32.20
275%, BRI ZHERMAES]. FZROMAPHLAY.8g/ ThHol:

dIO/NEEEEFEEEN T, FHERNIC TERIIEEE DB

AR L, FRFERROMHEMATRD Sz KRS ROMRI
TlE, UF A THELREESIHINIAFHE % .01

FRE 84T H25H 5
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HIL# % & QMR B BT AMRI OF IO W T
TTIE L DHRENDHHH55919, fEsk, BROMRIRE L
FHEA M RIZT B NS Do/, LL, FHETIIHA
(27 o T HEMPEATRIE L TV B 728, IEHETHTIRFSE
BTEES, STRETHEBFTERTHEHENAONLZ LM
%<, REBMEOENIRBELHEIL L EN, Th
WX LT, BRADKRRETIZIZE A LIRHMILL TV 272
W, IMiEEE T, BRSO &M 72 1R E i~k
L, FHEL D D RELMRIFTROBLSEBES NS,
bbb ORI L B R % %12 L2 T
12, KEEEOMRIOGAIEREL D, BRORHIEL T
%) ZTHRBGAENSE RO T WA, AIUERE B
BEREEBO KRG BT, EEATRET 2060 E
PBIBICE TRFEESVHBL, WEOMEITICE- T, &AL
T~ Do THEFS R IR A DA S D,

FRHEOMRIFT I —#ICEERNTH L 2 EH %
<, MEEITENIEZ RS T A SR BE L Lo —Hok
BEBRWT, FMBREICHRGRTRIZZV?, OF A
THHFELREFESHOLLRS, 2 - @toaimm, i
) EDERHZFE OIS, B RRHEE R0 B AR i EkHE hn
HEZR EOBRRIETRE LR ST D LN B0, 1D F 7
FEDOF B L P - 2SR ZHRBMEDEMTD,
HILRG & FRO U E AMDOREEE* BT 58051,
MRI B & 20 & HIE & ROt e % &5 2 & 2133
LIESHTIERw, b B5A, HMFRPEMOT<THHR
HT, KEEFOMRI 12T AMOERERZEE LR 2D
FTiEzwv, SAEERICLAZVTIAROREESERRT
AML &, b NOiEik T8 5 EMIC KRG EBEOMRI
24T o 7RAGREBIH 2061 (43.5%) ThH V), EEOE BB
2R LABIERIL, W bHbA6 g/dILLFICIKTF L7
HCTEEORMBEETH - 7.

19714F, Damadian'> ASEMAER - BT ATHEDIER % #
o LCLE, BAMEEHZHE L <, B0l - BEogy)
RPHGEIZBWTL L9 LT HRANDH B, BEOLZA
RS T W ERLRFETIELZVWE ) TH DY, HINFE,
B 2508, Mo B RENRE R L S OBMOTUEYE
BIEELTWAZ LRI (HMSNTWVAS, TUEICESR
FREE WY, F72, THEE BROMIEEE OMIZIZED
AHEIRERA S B L Vb TV A DY MilERTALNEE
BEOTUEOEHERER X, YIRS B 8 R % KL L 7>
bOLOBERGH 29, SEOKRITTIE, EEOEIMERIC
BVTYH, et mERoTHESZEHICEE L TWh
0B, BABEEEEELTD, BMRL & E DN
HEETHZ ZLAHE N E R o7, TUHE L MR O
DWTIIRE L TS, THEDKERZ, Bt ol
5 ORI BRI OB 2 ATV E b0 EELS
N5, BEMUEHRLEEATIES O MM & D 3 THEISSE N
TREMED H 0 15255, Kagimoto 5712 & %in vitro Dl

6

R 51, EMARLORIAMEIZ L DTIHENDRS134 %\
LHEH S D,

EMEFEHEOT2HED —MRIIER L T2 Z &S s,
I e B DFEMINC BT 5 BREDOT2EO BRI &
SNRTWwaY, Ziud, PelhmiL &g, o120 E 0B
DTHEIZKELEZN R, TNEFREHEEICHRE T2 &
DWREER72OTH L. SEIOME THEKEVLZ Li1X, AML
PITHREEGEHOT2ENEFIEGRE L D EELZ RS b ot
ZLRBOLNIHTH S, TEHOERIIHS A TiEL W
7%, MR EE DB PE S MBI O A e LT DT,
MM O E, Song: LA FDERE LTEFON
A8 19 KRG ERIIIITRERICZ L, HLFHkD
RIEE T, B3RIZ K2 susceptibility DFEEIZITE AL
WEEDLNS, 30msec LT OFHLT2UEDOEMHEZ R LD
DHR2BNH o 7205, 1 FUIARIEBRAMBLATHRETE L 72 7R B 195
(AML OFABSME2CM6) TH 1), TUEDIK T IZ8kAH 5
LTWAHEEHARIES NS, F7o, o1 FliE, MR
ERNRE OWIMAITOIRTEY, BHb~OATT 7Y
YORBENFDRREEZ GNDL, AMLEOR|ZIZ,
{2, 100 msech EDFEWITE T2l Z R L7fER S H o 72
7, T2EDER, BHOFEEZALMmtom, F7-
S EHIR IR DPETR 2 &2 S Ml VR OB % &k L T B
LEbhs.

KA S0 20k SRR 2 X A SE B AR & JENE
PEREDERICE L <, WEHOTI, T2EZEFHDFN
ThE L7z Tl ratio & T2 ratio KD T, MEFL TS, 7,
TUHEET2EDH (T1/T2) %°T1 ratio & T2 ratio® k. (T1 ratio/
T2 ratio) ¥+ 5Z L2k b, EiEE AR EOBICES
DEZRD, BIEHTHS LT\ A, TI ratio & T2
ratiold, X562 X H/RITI, T2ED SEFBEZBENT LD
PHETH Y, TI/T2LTI ratio/T2 ratio# 7= DL, Ti
RTEEM TR Lo B EEEZEHT 5720 TH 5.
BEMERED TYT2 B X USTI ratio/T2 ratio WWEMEEL D b4
BOBELRLAOEZ, EUHEECIXEHKOEETS
{, THEOEEIFT2EDEE LY L RKE W LAHEATSH
LHEFHHINTHS,

Albitbid, Tl ratio, T2 ratio, T1/T27% 5 UNIZTI
ratio/T2 ratio % 3R, HIMHE & RS O &R O v §EPk
oW TlREF L7z, LA L, AMLEET TI/T2 3 & U°TI ra-
tio/T2 ratio’HIME L D bEETH >/ d DO, FErEMIC
EEBEOEITIEHTE L h o7z, KA AIUEERE & E%
OHEMARIOTL, T2{EIZKE ZiEvid7% {17, MRITHE®
SNDRERFESL, BHh oM S B R
LEABTVBHITBE R, BIFDTI/T2 LTI ratio/T2 ra-
tioASAML B & W {BfETH - 7-DiZ, FISHENFETIE, 7
9 % BRI A MR OBEE L D 4 iz L B
bihs, LaL, SEOCBIELRLAEHTIE, KA
AT EIZE DN TAML L EREO U E AMoMfaR & 2
D, THEOFHARIERE2RTIZ L IMTIEAR V. Lizdis
T, KEEBEEHOMRITU E AMORERES 22T A6

HAEERSRE $56% H35
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