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Multiple Myeloma: Spinal MR Imaging
in Patients with Untreated
Newly Diagnosed Disease’

Spinal magnetic resonance (MR) im-
aging was performed in 29 patients
with newly diagnosed, untreated
multiple myeloma. Nineteen (66%)
patients were asymptomatic. Sagittal
pre- and postcontrast T1-weighted
spin-echo images and gradient-re-
called-echo images of the thoracic
and lumbosacral spine were ob-
tained. Marrow involvement was
identified in 20 (69%) patients. There
were three MR patterns: focal lesions
in nine patients (31%), diffuse in-
volvement in seven (24%), and an
inhomogeneous pattern of tiny le-
sions on a background of normal
marrow in four (14%). A statistically
significant correlation between MR
imaging patterns of marrow involve-
ment and serum hemoglobin values
(one-way, P = .0899; Kruskal-Wallis,
P = .0620) and between MR imaging
patterns and percentage of marrow
plasmacytosis (Kruskal-Wallis,

P = .0314) was noted, with patterns of
diffuse and focal marrow involve-
ment associated with more abnormal
values. Spinal MR imaging in pa-
tients with early myeloma may reveal
marrow involvement in both symp-
tomatic and asymptomatic patients.
Some correlation was found between
MR imaging patterns and laboratory
indexes of disease.
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MULT]PLE myeloma is a mono-
clonal proliferation of malig-
nant plasma cells that usually affects
the bone marrow (1). The peak inci-
dence of multiple myeloma is during
the 6th decade of life. It is slightly
more common in men and affects
three in 100,000 persons per year (1).
The ability of magnetic resonance
(MR) imaging to depict bone marrow
abnormalities has been documented
(2). The purpose of our study was to
evaluate spinal MR imaging in pa-
tients with newly diagnosed, un-
treated multiple myeloma to identify
and describe patterns of marrow in-
volvement in this largely asymptom-
atic population. We also attempted to
correlate MR imaging patterns of spi-
nal involvement and laboratory pa-
rameters to further assess the role of
MR imaging in this group of patients.

MATERIALS AND METHODS

Twenty-nine consecutive patients with
newly diagnosed, untreated multiple my-
eloma were studied with MR imaging of
the thoracic and lumbosacral spine. There
were 13 men and 16 women (age range,
30-76 years; mean, 59 years). Nineteen
patients (66%) had no bone pain. Ten
patients (34%) reported back pain. Con-
ventional radiographs of the spine were
available for evaluation in all patients.
Laboratory evaluation for multiple my-
eloma and posterior iliac crest aspirations
was performed in each patient. The extent
of tumor mass was staged as high in six
patients (hemoglobin level, <8.5 g/dL
[ <85 g/L]; serum calcium level, >11.5
mg/dL [ > 2.87 mmol/L]), low in 14 pa-
tients (hemoglobin level, >10.5 g/dL
[>105 g/L]; serum calcium level, <11.0
mg/dL [ <2.74 mmol/L}]; serum mono-
clonal component level, <4.5 g/dL), and
intermediate in nine patients (all other
cases) (3,4). Three patients (10%) had non-
secretory multiple myeloma with bone
marrow plasmacytosis and no evidence of
abnormal protein in the blood or urine (5).

MR imaging was performed with a 1.5-T
unit (Signa; GE Medical Systems, Milwau-
kee) with use of a rectangular surface coil.
All images were obtained prior to initia-

tion of treatment for multiple myeloma.
Sagittal T1-weighted spin-echo (600/20
[repetition time msec/echo time msec])
images were obtained in all patients. Gra-
dient-recalled (GRE) acquisition in the
steady state (GRASS; GE Medical Systems)
(200-600/13-20; 13°-25° flip angle) images
were obtained in 26 patients. GRE images
(75/15; 12° flip angle) were obtained in
one case. Unenhanced and gadolinium-
enhanced T1-weighted images with simi-
lar window widths and levels were ob-
tained in 26 patients. T1-weighted MR
images of the lumbar and thoracic spine
obtained before and after administration
of contrast material, viewed with the same
window widths and levels in 10 patients
with solid primary malignancies, were re-
viewed to study the presence or lack of
enhancement in the uninvolved marrow.
All images were acquired in the sagittal
plane by using a 256 X 192 or 256 x 128
data acquisition matrix with a 28-cm field
of view. Section thickness was 4 mm with
a 1-mm intersection gap.

MR images were analyzed for patterns
of myelomatous involvement (Figs 1-7).
Marrow involvement was characterized as
focal when focal areas of fatty marrow re-
placement with a signal intensity similar
to or lower than that of muscle were noted
on T1-weighted images in one or more
vertebrae (Figs 1, 2, 3, 6). A variegated pat-
tern of involvement was considered to be
present when multiple innumerable tiny
foci of marrow replacement on a back-
ground of uninvolved marrow were
observed throughout the spine on T1-
weighted images, with subsequent
enhancement of these foci on gadolinium-
enhanced images (Fig 4). Diffuse involve-
ment was defined as total replacement of
fatty marrow throughout the spine on T1-
weighted images, with evidence of mar-
row enhancement on gadolinium-en-
hanced T1-weighted images (Fig 5). When
one or more vertebral bodies were dif-
fusely involved, the pattern of involve-
ment was classified as focal, provided that
uninvolved marrow was present in other
vertebral bodies. We did not observe more
than one pattern of marrow involvement
in any one patient in this study.

The number and conspicuity of the le-

Abbreviation: GRE = gradient-recalled.
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Figure 1.

Symptomatic myeloma appearing as a focal pattern of marrow involvement in a 30-year-old man. (a) T1-weighted sagittal MR im-

age (600/20) of the thoracic spine reveals an unusual hyperintense appearance of marrow involvement. The seventh dorsal vertebral body is
compressed (arrow in a, b). There is slight impingement on the thecal sac. (b) T1-weighted postcontrast MR image (600/20) reveals enhance-
ment of the lesions. (c) Radiograph of the thoracic spine reveals compression and myelomatous lesion in the seventh thoracic vertebral body
(arrow). Involvement of the fifth thoracic vertebral body is also noted. (d) T1-weighted sagittal MR image (600/20) of the thoracic spine 13

months after treatment reveals focal lesions (arrows) appearing hypointense relative to muscle.

sions with individual sequences were
noted. Compression fractures were listed
and classified as malignant in pathogene-
sis when either diffuse or focal and
rounded signal intensity abnormality was
seen within the marrow. They were con-
sidered of benign pathogenesis when ei-
ther no signal intensity abnormality or a
band of low signal intensity parallel to the
vertebral end plate was identified on T1-
weighted images.

The MR imaging findings were corre-
lated with tumor mass and values of he-
moglobin, serum B,-microglobulin, per-
centage of bone marrow plasmacytosis,
serum creatinine, serum calcium, and se-
rum monoclonal protein. In addition, the
type of abnormal protein (immunoglobu-
lin G, 22 patients; immunoglobulin A, four
patients; nonsecretory myeloma, three
patients) was correlated with MR imaging
patterns.

Statistical analysis was performed with
the one-way analysis of variance, Kruskal-
Wallis one-way analysis of variance by
ranks, Student f test, x2, and Mann-Whit-
ney test (6). With the small numbers of
patients in each MR imaging category the
assumption of normality of the means and
approximate equality of variances re-
quired for the one-way analysis of vari-
ance may not hold and are not testable
with any degree of power. For this reason,
the parametric one-way analysis of vari-
ance and the Kruskal-Wallis tests were
both performed. When the one-way anal-
ysis of variance and the Kruskal-Wallis
tests are performed and the data satisfy
the assumptions of the one-way analysis
of variance, the Kruskal-Wallis test is not
as significant as the one-way analysis of
variance by 5%-15%, whereas when the
one-way analysis of variance assumptions
are violated, the Kruskal-Wallis test is
more significant.
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Figure 2. Symptomatic myeloma appearing as a focal pattern of marrow involvement in a
71-year-old man. (a) T1-weighted sagittal MR image (600/20) of the thoracic spine shows in-
volvement of the entire compressed third dorsal vertebral body (white arrow in a—) and sev-
eral focal lesions in the posterior spinal elements (black arrows in a—). (b) GRE MR image
(217/20; 20° flip angle) better demonstrates the lesions in the posterior spinal elements (black
arrows). (c) T1-weighted postcontrast image (600/20) reveals enhancement in all areas of mar-
row involvement. The lesion in the third dorsal vertebra is only faintly seen (white arrow).

RESULTS

Spinal MR imaging revealed mar-
row involvement in 20 of 29 (69%)
patients. Three MR imaging patterns
of marrow involvement were noted:
focal lesions in nine (31%) patients,
diffuse involvement in seven (24%),
and a variegated pattern of multiple
small lesions on a background of nor-
mal marrow in four (14%). In nine
(31%) patients, there was no MR im-
aging evidence of myelomatous in-
volvement. Seven patients with focal
lesions, two patients with diffuse in-
volvement, and one patient with a
variegated pattern reported back
pain. All patients with a normal MR

imaging study were free of bone pain.
There were 66 focal lesions (lumbo-
sacral spine [n = 30]; thoracic spine
[n = 36]). Only 12 (18%) lesions were
demonstrated as lytic foci on conven-
tional radiographs. On T1-weighted
images, 52 lesions (79%) were hypoin-
tense relative to muscle, whereas 14
(21%) lesions, all in one patient, were
hyperintense relative to muscle (Fig
1). Conventional radiographs of the
spine in this patient revealed lytic le-
sions consistent with multiple my-
eloma. On follow-up MR images of
the spine 13 months after initiation of
treatment, the focal lesions were hy-
pointense relative to muscle, suggest-
ing the presence of hemorrhage on
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Figure 3. Symptomatic myeloma appearing as a focal pattern of marrow involvement in a
48-year-old man. (a) T1-weighted sagittal MR image (600/20) of the thoracic spine reveals focal
areas of decreased signal intensity (arrows). (b) GRE image (75/15; 12° flip angle) better dem-
onstrates the lesions and reveals two additional lesions in the spinous process of the ninth
vertebral body (black arrow) and in the body of the eighth dorsal vertebra (white arrow).

(c) T1-weighted postcontrast image (600/20) clearly demonstrates the lesions and reveals an
additional small lesion in the 11th dorsal vertebral body (arrow).

the initial study. On GRE images, all
visualized lesions were hyperintense
relative to muscle. All 37 lesions stud-
ied after contrast enhancement re-
vealed various degrees of uptake of
contrast material.

Nineteen (39%) of the 49 lesions
studied with both T1-weighted and
GRE sequences were equally well
seen on both series. Eleven (22%)
lesions were better seen on T1-
weighted images. GRE images better
depicted 11 (22%) lesions, six of
which were located in the posterior
spinal elements (Fig 2). Eight (16%)
lesions identified on T1-weighted im-
ages were not seen on GRE images.
Eleven (30%) of 37 lesions studied
with pre- and postcontrast T1-
weighted images could be identified
only on the unenhanced images,
whereas five (14%) lesions in a patient
with a paucity of fatty marrow in the
spine were better seen on the en-
hanced images (Fig 3).

In five of eight patients studied
with both T1-weighted and GRE se-
quences, T1-weighted images better
demonstrated focal lesions. In two of
eight patients, focal lesions were
equally well seen with both se-
quences, while in one patient with a
relative lack of spinal fatty marrow,
focal lesions were better seen on GRE
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images. Focal lesions were better de-
picted on unenhanced T1-weighted
images compared with gadolinium-
enhanced images in five of seven pa-
tients studied with both sequences,
equally well seen in one patient, and
less well visualized in one patient
with a paucity of spinal fatty marrow.
GRE images were superior in demon-
strating focal lesions in five of six pa-
tients studied with both GRE and
gadolinium-enhanced images. In one
patient, both series failed to reveal
any of the lesions noted on the unen-
hanced T1-weighted images.
Follow-up MR imaging studies
were performed in three patients
with focal lesions 6-13 months after
initiation of treatment; marked im-
provement was noted in two, and in
another patient, who had nonsecre-
tory myeloma, no change was noted.
The variegated pattern was noted
on T1-weighted images as multiple
tiny foci hypointense relative to unin-
volved marrow that enhanced on
gadolinium-enhanced T1-weighted
images (Fig 4). Multiple hyperintense
foci of marrow involvement were
noted in only one of three patients
studied with GRE imaging. Follow-up
MR imaging 38 months later revealed
marked progression of the variegated
pattern in one patient with low tumor

mass myeloma who never received
treatment and remained asymptom-
atic. A 6-month follow-up MR imag-
ing study after treatment in a patient
with intermediate tumor mass re-
vealed marked interval improvement
in the appearance of the variegated
pattern (Fig 4).

In seven patients with diffuse involve-
ment of the marrow, T1-weighted im-
ages revealed lack of fatty marrow in
the spine, with the intervertebral
disks being iso- or hyperintense rela-
tive to the abnormal vertebrae (Fig 5).
The signal intensity of the marrow
was slightly lower than that of adja-
cent muscle groups. A diffuse increase
in signal intensity was noted in only
two of six cases studied with GRE im-
aging (Fig 5). Gadolinium-enhanced
images revealed diffuse enhancement
of the marrow in all cases, with the
disks becoming hypointense relative
to the vertebral bodies (Fig 6). Fol-
low-up MR imaging 1 month after
bone marrow transplantation in one
patient with diffuse marrow involve-
ment revealed an almost normal ap-
pearance of the marrow with no defi-
nite evidence of enhancement.

A retrospective review of pre- and
postcontrast T1-weighted images in
10 patients with solid primary malig-
nancies, viewed with similar window
widths and levels, did not reveal any
change in the appearance of unin-
volved vertebral bodies and relative
signal intensities of the intervertebral
disks after administration of contrast
material.

Twenty-eight compression frac-
tures were observed in 13 patients
(11 [39%] of the lumbosacral spine; 17
[61%)] of the thoracic spine). Twenty-
two (79%) were considered of malig-
nant pathogenesis on MR images
(Figs 1, 2, 4, 6). Lytic lesions were
identified in four (14%) compressed
vertebral bodies on conventional ra-
diographs of the spine. Six (21%) of
the 28 compression fractures showed
no evidence of myelomatous involve-
ment on MR images (Fig 7).

Statistical correlation of the MR im-
aging patterns with hemoglobin val-
ues revealed a marginally significant
relationship by means of one-way
(P = .0899) and Kruskal-Wallis (P =
.0620) analysis, with the diffuse and
focal lesion patterns associated with
lower hemoglobin values than the
variegated and normal patterns (Ta-
ble 1). A graphic illustration of these
observations is presented in Figures 8
and 9. The relationship between MR
imaging patterns and bone marrow
plasmacytosis was not significant at
one-way analysis (P = .14) but was
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Figure 4. Symptomatic myeloma appearing
as a variegated pattern of marrow involve-
ment in a 45-year-old man. (a) T1-weighted
sagittal image (600/20) of the lumbar spine
reveals a variegated appearance of the mar-
row. The hyperintense focus in the second
lumbar vertebral body is an area of focal fatty
marrow. The first lumbar vertebra is com-
pressed, with retropulsion of tumorous bone.
(b) GRE sagittal MR image (650/20; 20° flip
angle) reveals multiple hyperintense foci of
disease throughout the lumbar spine. Note
involvement of the posterior spinal elements.
(c) T1-weighted postcontrast image (600/20)
reveals inhomogeneous enhancement
throughout the lumbar spine. (d) T1-weight-
ed sagittal image (600/20) of the lumbar
spine 6 months after treatment reveals an
increase in the fatty marrow content of the
spine. Several vertebral compression frac-
tures have developed.

significant at Kruskal-Wallis analysis
(P = .0314); MR imaging evidence of
marrow involvement was associated
with higher values of bone marrow
plasmacytosis. A significant relation-
ship between MR patterns and serum
B2-microglobulin, monoclonal protein,
serum creatinine, and serum calcium
was not observed with either test. No
correlation was found between types
of abnormal protein and MR imaging
patterns.

Table 2 shows the relationship be-
tween tumor mass and MR imaging
patterns. There were no high-tumor-
mass variegated or normal MR imag-
ing patterns. If the Table is collapsed
by combining intermediate and low
tumor mass and compared with com-
bined diffuse and focal patterns ver-
sus normal and variegated patterns,
the resultant x2 is 6.15 (P = .013), indi-
cating a potential relationship be-
tween tumor mass and MR imaging
patterns.

As the number of patients in indi-
vidual groups was small and because
the statistical analysis revealed a ten-
dency for diffuse and focal lesion pat-
terns to be associated with more pro-
nounced laboratory abnormalities and
higher tumor mass, diffuse and focal
lesion patterns were pooled into a
single group and variegated and nor-
mal patterns, into a second group.
Statistical analysis with the Student ¢
test revealed significantly lower val-
ues of hemoglobin (P = .024) and sig-
nificantly higher values of bone mar-
row plasmacytosis (P = .029) for the
diffuse and focal lesion group in com-
parison with the variegated and
normal group. Mann-Whitney non-
parametric tests corroborated the as-
sociation of MR imaging patterns and
bone marrow plasmacytosis (P < .01)
but not the association of MR imaging
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patterns and hemoglobin (P = .21),
indicating the need for further studies
with larger numbers of patients in
individual groups.

DISCUSSION

In multiple myeloma, plasma cell
infiltration of the marrow occurs in

both a nodular and interstitial fashion
(7). Therefore, various patterns of in-
volvement are expected on MR im-
ages of the spine. In our study, spinal
MR imaging revealed three patterns
of myelomatous involvement of the
marrow in 20 of 29 (69%) patients. In
agreement with other authors, we
saw that focal areas of marrow in-
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Table 1

MR Imaging Pattern versus Laboratory Parameters

Ba- Monoclonal Bone Marrow
MR Imaging No. of Hemoglobin Microglobulin Component Plasmacytosis Calcium Creatinine
Pattern Patients (g/dL [g/L]) (mg/L [nmol/L]) (g/L) (%) (mg/dL [mmol/L]) (mg/dL [pmol/L]})

Focal 9 10.7 = 2.0 48 5.1 44+36 465+ 31.2 98+ 1.1 13+08
(107 = 20) (407 + 432) (245 + 0.27) (110 = 70)

Diffuse 7 93+ 27 77 £ 85 3830 414 + 239 100 = 1.7 12+04
(93 + 27) (653 + 720) (2,50 + 0.42) (110 = 40)

Variegated 4 119+ 03 35+18 34 +23 M7+113 87+01 1.1 =04
(119 = 3) (297 + 153) (217 + 0.02) (100 + 40)

Normal S 116 = 1.6 33211 3241} 20.3 + 18.6 94+ 05 1.1+03
(116 = 16) (263 + 93) (2.35 + 0.12) (100 + 30)

Note.—Values are the mean + 1 standard deviation. Values in parentheses are expressed in S units.

a. b.

Figure 5. Symptomatic myeloma appearing as a diffuse pattern of marrow involvement in a
56-year-old woman. (a) T1-weighted sagittal MR image (600/20) of the thoracic spine reveals
complete replacement of the fatty marrow. Note the isointense appearance of vertebral bodies
relative to intervertebral disks. (b) GRE image (250/20, 20° flip angle) reveals diffuse inhomo-
geneous signal hyperintensity throughout the thoracic spine. (c) T1-weighted postcontrast
image (600/20) reveals diffuse enhancement of the marrow. The intervertebral disks are now
hypointense relative to the enhanced vertebral bodies.

volvement were the most frequently
observed abnormality (8-10) (Fig 1).
In addition, total marrow replacement
(diffuse pattern) and inhomogeneous
marrow replacement (variegated pat-
tern) were noted in seven (24%) and .
four (14%) patients, respectively.

All three patterns of marrow in-
volvement were seen on T1-weighted
MR images. Both variegated and dif-
fuse patterns, however, when noted
on T1-weighted images, had to be
differentiated from normal patterns of
inhomogeneous distribution of fatty
marrow often observed in older per-
sons or from the persistent red mar-
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row pattern occasionally seen in
younger patients with myeloma (11).
Gadolinium-enhanced T1-weighted
images showed diffuse or inhomoge-
neous enhancement, respectively, in
all patients with diffuse or variegated
involvement of the marrow.

To our knowledge, gadopentetate
dimeglumine has not been previously
employed in the evaluation of myelo-
matous involvement of the spine. Al-
though normal marrow may mark-
edly enhance in children younger
than 7 years, enhancement of the
marrow is subtle in adults and can be
appreciated only when intensity mea-

surements are calculated (12,13). In-
tervertebral disks are isointense rela-
tive to spinal marrow in patients with
diffuse marrow involvement. After
administration of contrast material,
the disks become hypointense relative
to marrow as the abnormal vertebral
bodies enhance.

GRE images were not helpful in
depicting diffuse or variegated mar-
row involvement. On GRE images,
bone is markedly hypointense to
muscle, and in the majority of cases,
neoplastic aggregates will appear as
hyperintense foci; it is possible that a
diffuse or variegated pattern of
plasma cell infiltration of the marrow
may not produce sufficient increase in
cellularity to overcome the magnetic
susceptibility effect of bone with a
GRE sequence (14). Spin-echo T2-
weighted or inversion recovery im-
ages, though more time-consuming,
may be more sensitive in depicting
these patterns (10).

In our study, focal lesions were bet-
ter seen on T1-weighted images in the
majority of cases. GRE images were
useful in depicting lesions in the pos-
terior elements by suppressing the
subcutaneous fat and thus increasing
contrast between lesion and back-
ground. In patients with relatively
little fatty spinal marrow and poor
lesion-to-marrow contrast on T1-
weighted images, both GRE and en-
hanced T1-weighted images clearly
depicted the marrow involvement.
GRE images failed to demonstrate
16% of focal lesions noted on T1-
weighted images.

The “masking” effect of gado-
pentetate dimeglumine on the MR
imaging appearance of marrow le-
sions has been previously stressed
(15). In our study, 30% of focal lesions
could not be detected on the en-
hanced images because they became
isointense relative to uninvolved mar-
row. In one patient, a solitary focal
lesion could not be identified on the
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Figures 6, 7. (6) Malignant compression fractures in a 63-year-old woman with symptomatic myeloma. (a) T1-weighted sagittal image (600/20)
of the lumbar and lower thoracic spine reveals compression fractures of the 11th and 12th dorsal vertebrae, with focal marrow-replacing le-
sions. (b) GRE MR image (300/20; 20° flip angle) shows an increase in the signal intensity of the focal marrow involvement in the 11th and 12th
vertebral bodies. (7) Asymptomatic myeloma and an acute benign compression fracture in a 55-year-old man. (a) T1-weighted sagittal MR im-
age (600/20) of the lumbar spine reveals compression of the fifth lumbar vertebra, with a hypointense band adjacent to the superior end plate
(arrow). Focal areas of fatty marrow are noted in the L-4 and L-1 vertebral bodies. (b) GRE MR image (267/20; 20° flip angle) reveals an increase
in the signal intensity of the band of signal alteration in the fifth lumbar vertebra noted in a (arrow).
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Figures 8,9. (8) Graph shows MR imaging patterns versus hemoglobin level (Hb) and bone marrow plasmacytosis (BM), expressed as a per-

centage. A = diffuse pattern, O = focal pattern, 0 = variegated pattern, @ = normal pattern. (9) Graph shows MR imaging patterns versus
bone marrow plasmacytosis (BM), expressed as a percentage.

gadolinium-enhanced images. Other
authors have reported focal lesions in
myeloma to be better or exclusively
seen on T2-weighted MR images (10).
An unusual finding in this study
was the hyperintense appearance of
the focal lesions relative to muscle
and disk in a 30-year-old patient with
myeloma (Fig 1). Amyloid deposition
was initially considered a possible
pathogenesis of this finding; in a case
of amyloid deposition in the spine
reported in the literature, however,
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the abnormality was seen as a de-
crease in the signal intensity of the
spinal marrow relative to the interver-
tebral disks on T1-weighted images
(16). Resolution of the hyperintense
signal with a hypointense appearance
of the focal lesions relative to muscle
on a 13-month follow-up MR imaging
study of the spine suggested the pres-
ence of hemorrhage within foci of
myelomatous involvement of the
marrow at the time of the initial study
(17). Conventional radiographs ob-

tained in this patient revealed lytic
lesions consistent with myeloma. Ra-
diologists should be aware that le-
sions that are hyperintense relative to
marrow on T1-weighted MR images
of the spine do not always indicate
benign pathogenesis such as those of
hemangiomas or focal fatty islands
and may rarely be encountered in
patients with myeloma (18).

Several MR imaging criteria have
been employed to differentiate be-
nign from malignant compression
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Table 2
MR Imaging Pattern versus Tumor Mass

MR Imaging Pattern

Tumor Mass Diffuse Focal Variegated Normal Total
High 5] 3 0 0 6
Intermediate 2 2 1 4 9
Low 2 4 3 5 14
Total 7 9 4 9 29

fractures (19,20). Absence of marrow
signal alteration has been reported to
indicate a benign vertebral compres-
sion fracture (20). On spin-echo MR
images, diffuse marrow replacement
involving the entire vertebral body in
a compressed vertebra has been de-
scribed as highly suggestive of a ma-
lignant pathogenesis (19). Diffuse in-
volvement, however, was noted in
only eight of 28 (29%) compression
fractures in this study. In half of the
28 compression fractures, a focal or
variegated pattern of marrow in-
volvement was noted.

In a recently reported study, only
two of 38 (5%) compressions had
complete replacement of the marrow
by myeloma and 17 of 38 (45%)
showed lesser extent of marrow in-
volvement (10). Therefore, in multiple
myeloma, a vertebral compression
fracture may occur without the MR
imaging observation of marrow being
totally replaced by tumor cells, possi-
bly because, in addition to tumorous
marrow infiltration, osteoclast activat-
ing factors also contribute to the de-
velopment of vertebral compression
fractures (1). In such cases, the config-
uration of the marrow abnormality
(rounded focal versus parallel to end-
plate band) will aid in differentiating
a malignant from a benign fracture
(20) (Figs 6, 7). As previously noted, at
spinal MR imaging in patients with
malignancies other than myeloma,
enhanced images do not always help
in evaluating the nature of compres-
sion fractures because enhancement
may occur in malignant as well as in
posttraumatic fractures, depending
on the age of the fracture (21,22).

An important finding in our study
was the correlation between MR im-
aging patterns of marrow involve-
ment and hemoglobin and bone mar-
row plasmacytosis values: The diffuse
and focal lesion patterns were associ-
ated with more pronounced labora-
tory abnormalities. In evaluating
these results, one must keep in mind
that hemoglobin and bone marrow
plasmacytosis more closely reflect the
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status of the marrow than do other
laboratory parameters (23). At our
institution, patients with indolent my-
eloma (asymptomatic, low tumor
mass) do not receive treatment until
they become symptomatic or their
disease proceeds to a higher tumor
stage. Preliminary results of a pro-
spective clinical study show that pa-
tients with indolent myeloma and
focal or diffuse involvement noted on
MR images of the spine needed treat-
ment earlier than did patients with a
variegated or normal MR imaging
appearance of the spine. Libshitz et al
(10) found no correlation between MR
imaging appearances and serum (3,-
microglobulin or monoclonal protein
values in 32 patients with multiple
myeloma; this is in agreement with
our results. They also, however, noted
no relationship between MR imaging
appearances and bone marrow plas-
macytosis, possibly because different
criteria were employed for MR imag-
ing pattern characterization (10).
Long-term prospective studies are
required to establish the significance
and prognostic value of the different
MR imaging patterns of marrow in-
volvement.

Return of marrow appearance to
normal on spinal MR images a month
after bone marrow transplantation in
one patient correlated with lack of
plasmacytosis on a marrow aspirate,
suggesting a potential role of MR im-
aging in evaluating response to treat-
ment.

Nonsecretory myeloma is charac-
terized by involvement of the bone
marrow but no evidence of abnormal
protein in the blood or urine (5). In
nonsecretory myeloma (three of 29
patients in this series), assessment of
the clinical course depends on re-
peated marrow aspirations because
there is no detectable monoclonal
peak in the serum (5). An iliac aspirate
may not always be representative of
the marrow involvement due to both
nodular and interstitial tumor growth
patterns (7). MR imaging may prove
to be a useful, noninvasive method of

assessing the course of disease in
these patients.

In summary, spinal MR imaging
may reveal marrow involvement
(focal, diffuse, or variegated) in both
symptomatic and asymptomatic pa-
tients with multiple myeloma. T1-
weighted images should be obtained
in all patients. Enhanced T1-weighted
images can be of great value in cases
of diffuse or variegated involvement.
GRE images may be employed in ad-
dition to T1-weighted images in se-
lected cases of focal lesions (posterior
elements, paucity of fatty marrow).
MR imaging findings of marrow in-
volvement do correlate with certain
laboratory indexes of tumor burden,
with diffuse involvement and focal
lesions tending to occur in patients
with more advanced disease. MR im-
aging appears promising for assessing
response to treatment, especially in
patients with nonsecretory myeloma.
Long-term prospective studies may be
helpful in defining the prognostic
value of MR imaging patterns in pa-
tients with multiple myeloma. m
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