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Evaluation of Lumbar Vertebral Bone Marrow Changes with MR Imaging
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Seven hundred nine magnetic resonance (MR) imaging studies of the lumbar spine were
reviewed to assess the signal intensity (SI) changes in vertebral bone marrow. Marrow changes
were classified into four types according to their SI changes on T 1-weighted images (T 1-WI)
and T 2-WIL. Type 1 changes (decreased SI on T 1-WI and increased SI on T 2-WI) were identified
in 28 patients (3.9%), type 2 changes (increased SI on T 1-WI and iscintense or slightly increased
SIon T 2-WI) in 184 (26%), type 3 changes (decreased SI on both T 1-, T 2-WI) in 71 (10%), and
type 4 changes (linearly increased SI on T 1-WI in the center of the vertebral body) in 142 (20%).

Plain radiographs showed sclerotic changes in patients with type 3. In patients with type 1 or
4 changes, no focal abnormalities were observed.

Histological evaluation of type 1 change revealed fibrous tissue including cartilaginous forma-
tion. Focal replacement by fatty tissue was observed in type 2 and type 4 changes. Bone sclerosis
was ohserved in type 4 change. Type 1, type 2 and type 3 changes, which occurred commonly in
the old and in the lower lumbar levels, appear to reflect a spectrum of degenerative changes of
the bone marrow including both pathological and physiological ones.
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(Table 1),
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T4 A, 274 Mk 10mm T, 254 2
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a— (spin echo; SE) #:# vy, #0E LKR
(TR) #7500 2 V&, = a—KM (TE) #730 3
DR T 15 ER% {500/30/2(TR/ TE/ excita-
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Type 1

Type 2
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Fig. 1 Diagrammatic schema of classification of sig-
nal intensity changes of the vertebral bone marrow

tions) } & T 2 3% (2000/60/2) T# L 72,
b )y 7 RIL256X256 L L7z, 72, SHE2
ANEBHEMHBARE I A L2 H Y, HBEHEE
(FOV) # 20cm & L7z,

HEVR D BRI MDA 538 BE n 2k % Modic 59,
de Roos 5 D&% #1238 (18 T15
WETIRES, T2HAGRTEEY, 28 :T1
EHE TEES, T2 TH I3 BEEE
B, 3M T 1P, T25ERE s LIRES)
oy, & 64 T1Magic Tk iilc
basivertebral vein i2 % - Tk O EE SR
HLNHLDEFAME L THHL 22 (Fig. 1).
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Table 1 Age and sex distribution of the patients and numbers of vertebral bodies

and intervertebral disks

Age No. of Male Female No. of No. of
(years) Patients Bodies Disks
0—9 11 11 0 54 55
10—19 70 45 24 320 346
20—29 77 45 32 334 384
30—39 134 89 45 567 667
40—49 111 69 42 479 553
50—59 145 81 64 634 724
60—69 81 47 34 367 405
T0< 80 41 39 370 400
Total 709 428 281 3125 3534
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.
(A) Midsagittal 500/30 (TR msec/TE msec) image of
the lumbar spine shows narrowing of the L 3-4 and L 4
-5 disk spaces. There is decreasead signal intensity of the
anteroinferior aspect of L 3 as well as the superior
aspect of L 4 (arrows).
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(B Midsagittal 2,000/60 image. There is increased
signal intensity of the anteroinferior aspect of L3 as
well as superior aspect of L 4 (arrows).

Fig. 2 Type 1 marrow change in a 60-year old man
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709 A, 1% (Fig. 2(A), 2®B) 1328 A (3.9
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(Fig. 5), 5®) X142 A (20%) 2@ & b
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(4) Parasagittal 500/ 30 image of the lumbar spine :

There is evidence of increased signal intensity of the
anteroinferior aspect of the L4 and anterosuperior

aspect of L5 (arrows).

BT 2 BRI T 2R L A 5 iz, —
Ji, A RS SRR R8s b LAY, 10 iEACLLT
DFEEFIZSh -7 (Fig. 6). F 72, MR
23 10 i 63 b, EREIT & A
Mt o 72 (Fig. 7).
2) HEELRNVIZEITDHIEADZRNIELE &
UHERIIRZEM: 0SB

3125 HEkon 5 £ 1 %913 39 MEKR (1.29), 2%
13 302 HEAK (9.7%), 37X 79 Mtk (2.5%), 4
RUIE 465 MEMA (14.9%) IcRB&d b7z, HMEfkL ~
W EHEROET E OBFR T, 18, 271 3
B L TALEMHE OB D A - 7, F 72, 45
15— TOBIE DD » 7285, Fhllyto
NNTHFEE LD - 2 (Fig. 8). HEMIMI 24
Rer -~ LT sh, FricL4/5M, Ls5/S51
FIDHERIR TOBEH T H - 72 (Fig. 9),
3) #MFADOBEDOE(L & Bl X IR5H & D

(B) Parasagittal 2000/60 image: There is a decreased
signal intensity of the L 4-5 and L. 5-51 disks.

Fig. 3 Type 2 marrow change in a 52-year old woman
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(A) Midsagittal 500/30 image of the
lumbar spine : There is narrowing of
the L3-4, LL4-5, and L5-S1 disk
spaces. There is a decreased signal
intensity of the anteroinferior aspect
of the L3 as well as anterosuperior
aspects of L4 and L5 (arrows).
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(B)
is a decreased signal intensity of all
disks. There is a decreased signal
intensity of anteroinferior aspect of
L3 as well as anterosuperior aspects
of L4 and L5 (arrows).

Midsagittal 2000/60 image : There

Fig. 4 Type 3 marrow change in a 68-year old woman

Higlh X St lc Tk @B b niznid 2
BE 3EIT, FRC IR TOMEENI L, BETH
Sf2, —H, 18, 4B TREFEZ2RHLHr 72
(Table 2).

4) HREFRIRET

fiif tH 47 M > MR14% (SEFEH =2 4 v, FOV 20
cm) (FHMERSEMICIER B E B L 2 HHETIE,
T 1583%, 7o b > % E TS TolE 5,

T 2 5 i CREEMRETHE* R L2 (Fig. 10
®, 10B), 10©), 10D). F*ifi2 1 v (FOV 10
cm) Z Mz MRIG Tl T 1 9% 5 il
DOFEETNICERICHL T2 &#F2 b5 MM L
Mk DIBEEFHE 2B, 72, T2EFHRT
(ZEAFRA 2 4 L% B o840 ol L OHER B il
OB TR E KD - 72,

fif M) MRI B 247 - 72 60 MR 5 5 1

Table 2 Sclerotic change on plain radiograph in patients with vertebral

bone marrow changes

Radiograph Typel Type2 Type3d Typed
None 2 41 0 27

Sclerosis Mild 0 5 6 0
Marked 0 0 33 0
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(%) Sagittal 500/30 image of the lum-
bar spine: There are band like struc-
tures with high signal intensity in the
midportion of the vertebral bodies
(arrows).

MR imaging 1= & 2 BEHEO S a0 e

(B) Sagittal 2000/60 image: There is
a slightly increased signal intensity of
the midportion of the vertebral hodies.

Fig. 5 Type 4 marrow change in an 11-year old girl

WL 3HERK, 2701 13 MEEK, 3B 1 MELK, 47
i3 1K BN, 1 OB R T
DFLEEEEZA LI SN R R0 KL T, AN
ISR L 2 ML B S, F72, 1Bl
A ENICECE R L BH o N, IMESHX LT
e (Fig 11@), 118), 11©). 2% o
ZAL T T 1 8#E COBESRIC—K L TR
RYEDNRI#LH % < B> b7 (Fig. 12 (A),
12B). ZOZEIIHEORTRIC 2, THAL
ICETHRHESHPRAFHEL A LN, 3Tz
Tl Ei L 2 5 72 A%, MREEE0g I B LT
RERLTHLMRI TR IMABILERST, &
L252BoEb 2RI MELRBH LN (Fig
13(4), 13(®), 13(0). 4D ZETIX T1HHA
1B TH LB MR REE DR ET 2 BE S —
L TR R % 35 ¢ o7 (Fig. 14

(6)

(A), 14(B), 14, 14D, 14®). F 7=, 17, 2
B, 3 RN B HERIAR T s R 0 L 2450 W
X, B oORE LM KL A LN (Fig
15@A), 15(®), 15(C)).

CT LB Tit 18, 48212 CT LR %
BT, 3WTHEM{LZEHL, 2WTIIBEED
HFHLEET 240, BEERE LWL AL
bz,

4, =
FHIEEERICIZITE A i (REaE) ©
fio b, i E & LICRIFEiORS ML <
5. IRI#LIZEIC L ) FOMITOESIEE
TET, MBENEFEFTTIZREL LD, FH,
B, WA, MEERATLE Rt Y EA
Tw5?, MRIICHT 2 FHOETHEIZ TR
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(A) Midsagittal view of the anatomic specimen

(B) Correlative MR (500/30) image of cadaveric spine : Bone marrow of the
vertebral bodies have relatively homogeneous appearance. There is type 1
marrow change at the anterosuperior corner of the L 5 (arrow).

(€ Correlative MR (2,000/80) image of cadaveric spine : There is decreased
signal intensity of the anterior portion of the L 3-4 and L 4-5 disks (arrows).
(D) (D) Correlative CT image of cadaveric spine

Fig. 10 Cadaveric lumbar spine in a 43-year old man

(8) AARERSE $53% HLE
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(B) Parasagittal 2,000
/80 image of cadaveric
spine: There is a in-
creased signal intensity
of anteroinferior aspect
of the T 12 containing
decreased signal inten-
sity (arrows).

(C) Histopathologic
specimen (HE, X5)
showing type 1 change:
Fibrous tissue has re-
placed normal marrow.
Cartilaginous matrix is
(4) Parasagittal 500/30 image of cadaver- 4 also noted.

ic spine: There is a decrease signal inten-
sity of the anteroinferior aspect of the T 12
(arrows).

Fig. 11 Cadaveric spine in a 78-year old man

: . N Y v
(B) Histopathologic specimen (HE, X 5) showing the
transitional zone between the fatty marrow (lower left)
and normocelluar marrow (right).

(0) Parasagittal 500/30 image of cadaveric spine:
There is increased signal intensity of the anteroinferior
aspect of the L 4 (arrow).

Fig. 12 Cadaveric spine in a 58-year old man

TSI H 258 (9)



B) Correlative CT image of cadaveric spine shows
increased density of the anterosuperior aspect of the

spine (arrows).
Lq' L

1‘}

(€) Histopathologic specimen (HE, X 5) compahble
with sclerosis on CT. Thickened trabeculae and the
intervening fatty marrow are observed.

Fig. 13 Cadaveric spine in a 73-year old man

(10)
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(A) Sagittal anatomic specimen.

(B) Correlative CT image of cadaveric spine. There
are no density changes in the spine.

(© Correlative MR (2,000/30) image of cadaveric
spine. There is increase signal intensity in the midpor-
tion of the spine.

Fig. 14 Cadaveric spine in a 66-year old man

HAPB M 22ik 4E53% 411495
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(D) Correlative MR (2 OOOKBU} image of cadaveric
spine. There is increased signal intensity in the midpor-
tion of the spine.

Fig. 14
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(E) Histopclthologlc specimen (HF X 5) showing the
junction of the type 4 change (upper) and normocelluar
marrow (lower).
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(A) Sagittal anatomic specimen : There are osteophytes
at the anterior corner of the spine. Fatty marrow
replacement (F) and metastatic nodule M are also noted.

©) H1btopatholog1c Spec]men (HE, X 5) corresponding
to endplate change on MRI. There is interruption of
endplate with nodular extension of -cartilaginous
matrix. Thickened trabeculae and fatty marrow are
present adjacent to the interrupted endplate.

LMW LRBH LN, 2, —Eic 3B
BEZTATWIEY, ZOKREHIET2EmHEABRC
TSI E L THi S Lz, 1 o2z bid ik
DHEFIARETIZ F2o & 1, A RIHR 0 250 M AR~
V=TI Z &%, Z dEIT T2 ofkE
TIEAY 4% & 5 1, FEi2 60 Ll FoEis s
2 Eh oz, —F, EBHEEHE 15T k2
BRI TOL R A%Ic38d 5, HERIMZ M £ 5 JE
BROZBILLFEZ LNTWEY, LilL, 2%
b BBNERE NBEZHET 2HED L
0, GO EEFES N5,

1 BOZE I MRIZE ELCBBRENBES
ZALT, MBENZILZRTMOER & DB »E

o 4F

(B Correlative MR (2,000/80) image of cadaveric
spine : There is increased signal intensity of the regions

of the fatty marrow replacement (F) and metastatic
nodule (M. Endplate near the fatty marrow replacement
is disrupted by high signal intensity (arrow).

Fig. 15 Cadaveric spine in a 76-year old man

BTH 5, FEICBHM A, HERK L, B
B EEEH L DENAHETH b,
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DERN L) BT REE X 70 B 2 L Hi %1920,
72, BB & &N T3 1 BRI F -
legAik &, WROEEZETEZEH% 0D
X LT, SRR T HE R rp ok B 12 25 L
PO DB ED B, e, B R E RS
HiRgfn teh REMOENICEH & D#E L A5
na® EEFHFTCLIRNESEILERT 2
A, BB CIIMMRIZES Thaz L%
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