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Characterization of Bone and
Soft-Tissue Tumors with in
Vivo "H MR Spectroscopy:
Initial Results’

PURPOSE: To determine if in vivo detection of choline by using hydrogen 1 ("H)
magnetic resonance (MR) spectroscopy with dynamic contrast material-enhanced
MR imaging can help differentiate between benign and malignant musculoskeletal
tumors.

MATERIALS AND METHODS: MR imaging was performed in 36 consecutive
patients with bone and soft-tissue tumors larger than 1.5 cm in diameter. Exami-
nations were performed at 1.5 T with a surface coil appropriate for the location of
the lesions. Single-voxel '"H MR spectroscopy was performed by using a point-
resolved spectroscopic sequence with echo times of 40, 135, and 270 msec. The
volume of interest within lesions was positioned on the areas of early enhancement
(<8 seconds after arterial enhancement) according to the findings of dynamic
contrast-enhanced MR imaging with subtraction. The criterion for determining
whether choline was present in a lesion was a clearly identifiable peak at 3.2 ppm in
at least two of the three spectra acquired at echo times. MR spectroscopic results
and histopathologic findings were determined in blinded fashion and compared
with k statistics. P < .001 was considered to indicate a significant difference.

RESULTS: Choline was detected in 18 of 19 patients with malignant tumors and in
three of 17 patients with benign lesions. The three benign lesions included one
perineurioma, one giant cell tumor, and one abscess. Choline was not detected in
14 patients with benign lesions nor in one patient with a densely ossifying low-grade
parosteal osteosarcoma. In vivo '"H MR spectroscopy characterized bone and soft-
tissue tumors, resulting in a sensitivity of 95%, specificity of 82%, and accuracy of
89% (P < .001).

CONCLUSION: Choline can be reliably detected in large malignant bone and
soft-tissue tumors by using a multiecho point-resolved spectroscopic protocol. 'H
MR spectroscopy can help differentiate malignant from benign musculoskeletal
tumors by revealing the presence or absence of water-soluble choline metabolites.
© RSNA, 2004

The effectiveness of magnetic resonance (MR) imaging in accurate characterization of
musculoskeletal tumors has not gone unquestioned (1-9). Improvement in the treatment
and outcome of patients with bone and soft-tissue tumors requires the development of
diagnostic tools that can help differentiate between benign and malignant lesions in a
noninvasive and reliable manner. During the past few years, differentiation between
benign and malignant masses on unenhanced MR images has been based mainly on the
evaluation of morphologic parameters such as size, demarcation of margins, involvement
of adjacent vital structures, signal homogeneity, and measurements of relaxation times
(2,6,7,10,11). In dynamic gradient-echo MR studies, this technique provides clinically
useful information by depicting tissue vascularization and perfusion, capillary permeabil-
ity, and composition of interstitial space (5,12). Attempts have been made to use the slope
of a time-intensity curve, which reflects the increased signal intensity after the adminis-
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tration of a contrast agent, as a criterion
for differentiation between benign (low-
slope) and malignant (high-slope) lesions
(1,4,5,9,13,14).

Despite the highly statistically signifi-
cant differences in slope values between
benign and malignant lesions, sensitivity
and specificity are adversely affected by
slope values of poorly vascularized malig-
nant tumors and highly vascularized be-
nign tumors, such as giant cell tumor,
granulation tissue, capillary or arterio-
venous hemangioma, and abscess (4,5).
Authors of a study have suggested that
the enhancement parameters used for
dynamic contrast material-enhanced
MR imaging, such as start of enhance-
ment, enhancement patterns, and pro-
gression of enhancement, could be used
to improve the sensitivity in differential
diagnosis of soft-tissue masses (9). How-
ever, because of the overlap between be-
nign and malignant lesions, time-inten-
sity curves and slope values should be
used only in combination with conven-
tional spin-echo images and other radio-
logic, anatomic, and clinical data to nar-
row down the differential diagnostic
possibilities (12).

In addition to imaging features, infor-
mation regarding the cellular chemistry
obtainable from ex vivo or in vitro hy-
drogen 1 (*H) nuclear MR spectroscopy
(15-19) may help characterize suspicious
lesions. Reports have demonstrated that
the composition of membrane phospho-
lipid in tumor tissue is an important in-
dicator of a tumor’s cellularity, prolifera-
tive capacity, and differentiation state.
Millis et al (16) have reported that the
phosphatidylcholine level on ex vivo nu-
clear MR spectra as an estimate of the
total tissue cell membrane phospholipid
mass in pleomorphic liposarcoma was
three times higher than that in dediffer-
entiated liposarcoma. The pleomorphic
liposarcoma is the most aggressive and
metastatic subtype of liposarcoma.
Mukher;ji et al (18) also reported that the
choline-creatine ratio obtained by in
vitro "H MR spectroscopy was capable of
helping to distinguish malignant tumors
of the extracranial head and neck from
the uninvolved muscle. The choline-cre-
atine ratio is markedly higher in squa-
mous cell carcinoma than in muscle. In
vivo 'H MR spectroscopy has been uti-
lized for analysis of bone and soft-tissue
tumors (20), as well as other malignant
lesions (21), such as breast carcinoma
(22-24), prostate cancer (25), and cervi-
cal carcinoma (26). The preliminary
study of in vivo 'H MR spectroscopy in
bone and soft-tissue tumors by Oya et al
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(20) did not focus on the level of choline-
containing compounds at 3.2 ppm. How-
ever, the malignancies in breast, prostate,
and cervix peaked at a chemical shift of
3.2 ppm, which corresponded to that of
choline at "H MR spectroscopy (22-26).

Detection of choline with absolute
measurement methods (27) requires an
external standard because neither fat nor
water can serve as an internal reference.
If an external standard is placed near the
lesions, variations in signal amplitude
measurements and the reference due to
magnetic field inhomogeneities may lead
to ambiguous concentration estimates
(28). Yeung et al (23) reported that a mul-
tiecho acquisition approach for deter-
mining the presence or absence of cho-
line at in vivo 'H MR spectroscopy is a
useful tool in the characterization of
breast lesions. Because well-vascularized
viable areas of a tumor can be identified
with dynamic contrast-enhanced MR im-
aging, which provides physiologic infor-
mation about the vascularization and
perfusion of the lesion, the correct posi-
tioning of the volume of interest for sus-
picious lesions during '"H MR spectros-
copy can be guided by the use of
dynamic contrast-enhanced MR images.

The aim of the present study was to
determine if in vivo detection of choline
by using "H MR spectroscopy performed
with dynamic contrast-enhanced MR im-
aging can help differentiate between be-
nign and malignant musculoskeletal tu-
mors.

MATERIALS AND METHODS

Patients

Thirty-six patients (mean age, 47.8
years; age range, 13—-87 years) with bone
and soft-tissue tumors larger than 1.5 cm
in diameter were included in the study.
There were 16 male (mean age, 49.9
years * 18.5; range, 18—87 years) and 20
female (mean age, 46.1 years * 18.7;
range, 13-70) patients. The patients were
enrolled consecutively between Novem-
ber 2002 and May 2003. The study was
approved by our institutional medical
ethical review board. Informed consent
was obtained from all patients prior to
examination. MR examinations were in-
cluded in our routine protocol for the
evaluation of the tumor extent and to
obtain baseline information for possible
neoadjuvant chemotherapy. No inter-
ventional procedures such as biopsy or
aspiration were performed on the tumors
prior to MR studies.

MR Imaging and MR Spectroscopy

The examinations were performed
with a 1.5-T whole-body MR imaging sys-
tem (Gyroscan ACS-NT; Philips, Best, the
Netherlands). A body coil was used for
identification of tumors. An appropriate
surface coil was selected for MR spectros-
copy. Transverse and sagittal or coronal
images were obtained by using a T1-
weighted spin-echo sequence (500/14
[repetition time msec/echo time msec],
two signals acquired, 512 X 512 matrix
size, section thickness and intersection
gap depending on tumor size) and a T2-
weighted turbo spin-echo sequence with
fat suppression (1,800/160/100 [repeti-
tion time msec/echo time msec/inver-
sion time msec|, three signals acquired,
512 X 512 matrix size, section thickness
and intersection gap depending on tu-
mor size). After a bolus of 0.1 mmol per
kilogram of body weight gadopentetate
dimeglumine (Magnevist; Schering, Ber-
lin, Germany) was intravenously injected
with an MR-compatible power injector
(Spectris; Medrad, Pittsburgh, Pa) at 2
ml/sec, dynamic contrast-enhanced MR
images covering the entire lesions were
acquired by using a T1-weighted turbo-
field-echo sequence (15/4.1, 25° flip
angle, one signal acquired, 256 X 256
matrix size, section thickness and inter-
section gap variable). Each phase was
no longer than 8 seconds. The dynamic
imaging time lasted 3 minutes after intra-
venous administration of contrast mate-
rial. Image subtraction was then performed
to show areas of early enhancement on the
subtracted images. The delayed contrast-
enhanced transverse and sagittal or coro-
nal images were obtained by using T1-
weighted spin-echo spectral presaturation
with inversion recovery sequence (500/14,
two signals acquired, 512 X 512 matrix
size, section thickness and intersection gap
variable).

Spectra for each volume of interest
were acquired 10-15 minutes after the
administration of contrast material by
using the point-resolved spectroscopic
sequence (2,000/40, 2,000/135, and
2,000/270). A staff musculoskeletal radi-
ologist (H.T.J.) with 4 years of experience
carefully positioned one volume of inter-
est (mean volume, 6.2 cm?; range, 3.4-21
cm?®) to include the early enhancing areas
of the tumors, as demonstrated on the
subtracted images. Inclusion of the adja-
cent bone cortex and muscle was
avoided. If a slowly enhancing tumor or
absence of enhancement during the
3-minute acquisition was depicted, the
volume of interest fitted the size of tu-
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Summary of MR Spectroscopic and Pathologic Findings
X o . Choline Signal
Patient No./ Tumor Size in Voxel Size
Age(y)/Sex Tumor Location Long Axis (cm) Pathologic Finding (cm?) 40-msec TE 135-msec TE 270-msec TE
1/17/F Vastus medialis 4.43 Hemangioma 8.0 No No No
2/65/F Thigh 3.18 Nodular fasciitis 5.6 Yes No No
3/65/F Gluteus maximus 11.8 Lymphoma 21.0 Yes Yes Yes
4/50/M Hand 2.75 Trichilemmal cyst 3.4 No No No
5/68/F Femur 2.43 Metastasis 3.4 Yes Yes Yes
6/25/M Fibula 12.87 Osteosarcoma 6.6 Yes Yes Yes
7/55/M Elbow 5.55 Hematoma 8.6 Yes No No
8/56/M Leg 2.95 Ganglion 3.4 No No No
9/70/M Inguinal area 5.15 Metastasis 6.8 No* Yes Yes
10/32/M Femur 10.39 Fibrous dysplasia 5.2 No No No
11/58/F Gluteal region 4.18 Bursitis 4.2 No No No
12/45/F Inguinal area 3.30 Lymphoma 4.6 Yes Yes Yes
13/13/F Arm 3.37 Pilomatricoma 4.9 No No No
14/66/F Arm 4.50 Lipoma 6.8 No No No
15/54/M Knee 7.62 Tuberculous arthritis 3.4 No No No
16/25/F Femur 11.05 Parosteal osteosarcoma 4.1 No No No
17/54/F Sacrum 5.87 Metastasis 8.0 Yes Yes Yes
18/44/F Foot 3.94 Perineurioma 4.0 Yes Yes Yes
19/46/M Vastus lateralis 3.20 Foreign body granuloma 3.4 No No No
20/29/F Wrist 3.64 GCT of tendon sheath 3.4 No No No
21/32/M Thigh 3.98 Metastasis 4.5 Yes Yes No
22/47/M Femur 5.91 GCT 4.2 No No No
23/39/M Tibia 6.16 Metastasis 4.1 Yes Yes Yes
24/56/F Pelvis 7.09 Metastasis 9.3 Yes Yes Yes
25/56/F llium 6.87 Metastasis 5.2 Yes Yes Yes
26/64/F Fibula 10.74 Osteosarcoma 5.8 Yes Yes Yes
27/37/F Thigh 4.02 Hemangioma 6.9 No No No
28/48/M Femur 7.75 Metastasis 6.3 Yes Yes Yes
29/22/F Femur 5.19 GCT 7.5 Yes Yes No
30/66/M Pelvic sidewall 6.84 Leiomyosarcoma 9.6 Yes Yes Yes
31/27/F Thigh 14.26 Abscess 8.4 Yes Yes Yes
32/87/M Sacrum 2.80 Metastasis 3.6 Yes Yes Yes
33/70/F Pelvis 6.26 Metastasis 4.5 Yes Yes No
34/41/F Thigh 3.54 Liposarcoma 4.1 Yes Yes Yes
35/18/M Arm 11.41 Epitheloid sarcoma 9.5 Yes Yes Yes
36/74/M Sacrum 8.19 Metastasis 12.3 Yes Yes No
Note.—GCT = giant cell tumor, TE = echo time.
* Prominent resonances derived from fatty acids masked the choline peak at 3.2 ppm.

mors according to the delayed contrast-
enhanced MR images. Automated opti-
mization of transmitter pulse power,
localized shimming, gradient tuning,
and water suppression were used. The pa-
rameters used to perform MR spectros-
copy were a spectral width of 1,000 Hz
and 128 signals acquired, and the time
required to complete the examination
was approximately 20 minutes.

After acquisition, MR spectroscopic data
were processed by a physicist (L.C.W.) with
15 years of experience with MR spectros-
copy. The commercial MR software pack-
age provided by the manufacture was used.
In the time domain, spectrum processing
parameters are zero filled to 2,048 data
points, 3-Hz Gaussian line-broadening fil-
ter, phase correction, and baseline cor-
rection. The criterion for determining
whether choline was present in a lesion
was the presence of a clearly identifiable
peak at 3.2 ppm in at least two of the three
spectra acquired at different echo times.
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Histopathologic diagnoses of bone and
soft-tissue tumors were established with
resected specimens in 24 patients, speci-
mens from core biopsy with a 16-gauge
needle (Temno Biopsy System; Alle-
giance, Tokyo, Japan) in nine patients,
and specimens from core biopsy with a
bone marrow biopsy needle (Trap Sys-
tem; MD Tech, Gainesville, Fla) in three
patients. Histopathologic examinations
of the samples were performed by one
pathologist (T.K.P.) with 7 years of expe-
rience with musculoskeletal tumors. The
tumor cell differentiation, necrosis, and
mitosis were evaluated. Both the radiolo-
gist and the pathologist were blinded to
the MR spectroscopic measurements per-
formed by the physicist.

Statistical Analysis

The age between the male and female
groups was evaluated by using a two-
sample t test. P < .05 was considered to

indicate a statistically significant differ-
ence.

The « statistic was used to compare MR
spectroscopic results with histopatho-
logic and surgical information. The re-
sultant data were analyzed with software
(SPSS, version 10.0; SPSS, Chicago, Ill). A
k value of 0.40 or less was considered to
indicate marginal reproducibility; 0.40-
0.75, good reproducibility; and 0.75-1.00,
excellent reproducibility. P < .001 was
considered to indicate a statistically signif-
icant difference. True-positive, true-nega-
tive, false-positive, and false-negative de-
tection rates, as well as sensitivity and
specificity, were determined.

RESULTS
Tumor Types

There was no significant difference be-
tween the mean age of the male and fe-
male groups (P > .05). Nineteen patients

TH MR Spectroscopy of Bone and Soft-Tissue Tumors - 601



Radiology

Fat Water Cho

Fat

‘TE =40 mse

TE =135 ms

TE =270 ms

— 1 T 1T 1T T T 1
55 50 45 40 35 30 25 20

Chemical shift

had malignant bone and soft-tissue tu-
mors, including 11 metastatic tumors,
three osteosarcomas, two lymphomas,
one leiomyosarcoma, one liposarcoma,
and one epitheloid sarcoma. The mean
size of these tumors was 7.06 cm (range,
2.43-12.87 cm). Seventeen patients had
benign lesions, including two soft-tissue
hemangiomas, two giant cell tumors, one
nodular fasciitis, one trichilemmal cyst,
one hematoma, one ganglion, one fi-
brous dysplasia, one case of bursitis, one
pilomatricoma, one lipoma, one case of
tuberculous arthritis, one perineurioma,
one foreign body granuloma, one giant
cell tumor of tendon sheath, and one
abscess. The mean size of these lesions
was 5.24 cm (range, 2.75-14.26 cm).

MR Spectroscopy

The Table summarizes the MR spectro-
scopic and histopathologic findings of
the musculoskeletal lesions in all 36 pa-
tients. In 18 patients with malignant tu-
mors, a resonance at 3.2 ppm attributed
to a choline-containing compound was
detected (Fig 1). In 14 of the 17 patients
with benign lesions, no choline signal

602 - Radiology - August 2004

15

!
10

T
05

|
00
ppm

Figure 1. Patient 17. (a) Spectra acquired at different
echo times in patient with metastatic carcinoma. Choline
(Cho) (3.2 ppm) was found on all three spectra and was a
true-positive MR spectroscopic finding for malignancy.
Resonances derived from fat and water were present. Wa-
ter peaks were the result of water suppression. (b) Trans-
verse arterial phase dynamic contrast-enhanced subtrac-
tion MR image (15/4.1) demonstrates a peripherally
enhancing tumor (large arrows) at left ilium. External iliac
arteries (small arrows) are also evident. (¢) This tumor
(arrows) became homogeneously enhanced on the corre-
sponding delayed contrast-enhanced MR image with fat
suppression (500/14).

was detected. Choline was found in three
benign lesions, including one perineu-
rioma (patient 18), one giant cell tumor
(patient 29), and one abscess (patient 31).
The peaks in 3.2-ppm regions were de-
tected on the spectra, with all three echo
times in the perineurioma (Fig 2) and
abscess. The spectra of the patient with
giant cell tumor were positive, with echo
times of 40 and 135 msec. Choline was
not detected in one malignant parosteal
osteosarcoma (patient 16) (Fig 3). Seven-
teen of 21 positive choline findings were
based on spectra with all three echo
times; the remaining four positive find-
ings, on spectra with two echo times.
Thirteen of the 15 negative choline find-
ings were determined on the basis of the
absence of any identifiable signal in the
3.2-ppm region above the baseline noise
on spectra obtained with all three echo
times, and only peaks at 3.2 ppm with an
echo time of 40 msec were found in the
remaining two negative cases (patients 2
and 7). Signal contribution arising from
fat in the 0.9-2.1 and 5.3-ppm regions
decreased with increasing echo time,
which resulted in an improved spectral

resolution. However, with an increasing
echo time, a decreasing spectral signal-to-
noise ratio was observed due to relax-
ation losses.

Overall, the true-positive detection
rate of malignant bone and soft-tissue
lesions was 18 of 19; the true-negative
rate, 14 of 17; the false-positive rate,
three of 17; and the false-negative rate,
one of 19. Therefore, in vivo 'H MR spec-
troscopy had a sensitivity of 95% (18 of
19), specificity of 82% (14 of 17), positive
predictive value of 86% (18 of 21), nega-
tive predictive value of 93% (14 of 15),
and accuracy of 89% (32 of 36). Excellent
agreement between MR spectroscopic
and histopathologic findings was present,
as indicated by the «x value of 0.776 *
0.105 (P < .001).

DISCUSSION

Using a multiecho acquisition approach
to determine the presence or absence of
choline in bone and soft-tissue tumors in
vivo, we found a strong relationship be-
tween 'H MR spectroscopic and his-
topathologic findings. The position of

Wang et al
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Figure 2. Patient 18. (a) Spectra acquired at different echo
times in patient with perineurioma showed positive choline
(Cho) findings. This was a case of a false-positive MR spec-
troscopic study. (b) Sagittal arterial phase dynamic contrast-
enhanced subtraction MR image (15/4.1) of the foot shows
an early enhancing tumor (straight arrow). The dorsalis pedis
artery (curved arrow) is well identified. (c) Sagittal delayed
contrast-enhanced MR image with fat suppression reveals a
diffusely enhancing tumor (arrow) between the metatarsals.
Photomicrograph of the pathologic specimen (not shown)
from the tumor demonstrated that this benign tumor had
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the volume of interest, including the
early enhanced regions inside the le-
sions, is determined with dynamic con-
trast-enhanced images. According to van
der Woude et al (9), the early enhanced
regions represent areas of high biologic
activities, such as cellularity, cell turn-
over time, and neovascularity. In malig-
nant tumors, these areas may contain
more choline-containing compounds. A
15% decrease in the choline signal was
noted after injection of contrast material
during chemical shift imaging with a
long echo time (29). However, authors of
single-voxel '"H MR spectroscopic studies
(30,31) have found no statistically signif-
icant differences in long- or short-echo-
time acquisitions following the adminis-
tration of contrast material.

Three of the 17 benign lesions found in
our patients were false-positive. These le-
sions included one perineurioma, one gi-
ant cell tumor, and one abscess. The his-
tologic findings of perineurioma, as well
as of giant cell tumor, showed hypercel-
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lularity and hypervascularity. The patho-
logic examination of the patient with ab-
scess demonstrated an abundance of
inflammatory cells in the wall of abscess.
Choline and its derivatives are thought
to represent important constituents in
the phospholipid metabolism of cell
membranes (32). In vivo, the choline
peak (resonance at 3.2 ppm) is composed
of choline, phosphocholine, phosphati-
dylcholine, and glycerophosphocholine.
Elevation of this peak is thought to rep-
resent increased membrane phospho-
lipid biosynthesis and also to be an active
marker for cellular proliferation (21,33).
Previous reports have demonstrated that
benign tumors that are hypercellular
may show an elevated choline level in
brain lesions, as well as in head and neck
tumors (34-36). In addition, a large
number of inflammation-related cells
produced by inflammatory processes
may also result in a high choline peak
(37). The cellular proliferation and/or cell
density of these lesions may explain the

increased cellular proliferation.

presence of choline peaks at 3.2 ppm in
"H MR spectroscopy.

There was only one false-negative re-
sult in our study. The malignant tumor
with no detectable choline was a paros-
teal osteosarcoma arising from distal fe-
mur. Most of the tumor was densely os-
sified. Prevention of ossification in the
volume of interest was impossible. The
lower proton amounts and susceptibility
effects due to mineralization may ac-
count for the false-negative choline up-
take in this case. Another possible expla-
nation is the low-grade malignancy of
this kind of tumor. The parosteal osteo-
sarcoma has a better prognosis than do
other subtypes of osteosarcoma.

In vitro 'H MR spectroscopy of the
normal muscle can show two peaks with
almost the same height at 3.0 and 3.2
ppm (38). The volume of interest should
be positioned carefully inside the tumor.
In our study, most cases had no identifi-
able signal at 3.0 ppm that was attributed
to a creatine-containing compound.
Therefore, the contamination from the
adjacent muscle that causes the choline
signal at 3.2 ppm can be eliminated.

A limitation of this study was the ex-
clusion of smaller lesions (<1.5 cm in
diameter). In vivo "H MR spectroscopy
with a 1.5-T MR imager is not possible
with a voxel size of less than 1 cm3. The
decreased signal-to-noise ratio in the

"H MR Spectroscopy of Bone and Soft-Tissue Tumors - 603



Radiology

smaller voxel also makes interpretation
of spectra difficult. The 3.0-T MR imager
may increase signal-to-noise ratio and
can acquire reliable spectra from smaller
lesions.

There were very diverse pathologic
conditions in this study, which included
a variety of metastases, primary malig-
nant and benign bone tumors, and a
number of nonneoplastic lesions. With
these limited numbers, it is difficult to
draw meaningful conclusions regarding a
specific disease. Another limitation of the
study was the total, relatively small,
number of tumors imaged. Further stud-
ies focusing on a specific disease should
be performed in a larger group of pa-
tients.

In conclusion, our results demonstrate
that choline can be detected in contrast-
enhanced bone and soft-tissue tumors or
tumorlike lesions in vivo by using a mul-
tiecho point-resolved spectroscopic se-
quence. In the evaluation of 36 patients
for bone and soft-tissue tumors based on
the presence of choline, the sensitivity,
specificity, and accuracy of 'H MR spec-
troscopy were 95%, 82%, and 89%, re-
spectively. The information provided
with 'H MR spectroscopy and dynamic
contrast-enhanced MR imaging may
complement other findings, such as ad-
jacent bone invasion and tissue plane de-
struction, and may improve the diagnos-
tic specificity of MR examination in the
identification of malignancy.

Acknowledgments: Special thanks to
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Chu-Hui Min for preparation of this manu-
script.
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