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Malignant Tumors and Chronic Infections in the
Masticator Space: Preliminary Assessment with
In Vivo Single-Voxel 1H-MR Spectroscopy

Q. Yu
J. Yang

P. Wang

BACKGROUND AND PURPOSE: Differential diagnosis between malignant tumors and chronic infections
in the masticator space remains challenging. The purpose of the study was to categorize various
changes of both lesions by using single-voxel 1H-MR spectroscopy.

MATERIALS AND METHODS: Twenty-four masticator space lesions, 7 chronic infections, and 17 ma-
lignant tumors were assessed with 1H-MR spectroscopy before treatment procedures. The MR
spectroscopic findings were compared with surgical and histopathologic results. Localization tech-
nique for 1H-MR spectroscopy was made by a point-resolved spectroscopy sequence at an echo time
of 144 ms. Choline (Cho) signals (identified at 3.2 ppm) and Cho signal intensity-to-noise ratio
(Cho/noise) were considered as evaluating criteria.

RESULTS: All the lesions were found with 3 1H-MR spectroscopic types: type 1, lesions without Cho
signals (3 chronic infections); type 2, lesions with Cho signals and Cho/noise ratio �3 (4 chronic
infections and 4 malignant tumors); and type 3, lesions with Cho signals and Cho/noise ratio �3 (13
malignant tumors). The mean � SD of the Cho/noise ratio between chronic infections and malignant
tumors was 2.31 � 0.19 and 5.76 � 3.29 (P � .01), respectively.

CONCLUSION: In vivo single-voxel 1H-MR spectroscopy may be helpful in the assessment of masti-
cator space lesions. Differences of Cho signals and Cho/noise ratios between malignant tumors and
chronic infections provide valuable information in the differentiation of these 2 lesions.

Differentiation of chronic infections versus malignant tu-
mors in the masticator space with CT and MR imaging is

often difficult. To make an accurate diagnosis, one needs to
explore new imaging techniques to analyze possible chemical
or biochemical components of the lesions. Although MR spec-
troscopy was initially described with potential uses for head
and neck lesions more than 20 years ago,1-4 it was not until
recent years that the technology was widely used clinically.5

With rapid development and improvement of hardware and
software, in vivo point-resolved MR spectroscopy (1H-MR
spectroscopy) has started to be used in the evaluation of ex-
tracranial head and neck lesions of the tongue,6-7 nasophar-
ynx,8 parotid gland,9 thyroid,10 and metastatic lymph nodes of
the neck.6-8,10-12 In addition, the technology was used to detect
recurrences of malignant tumors and to monitor treated or
untreated tumors.5,11-13 However, to our knowledge, the
1H-MR spectroscopic appearance of chronic infections and
malignant tumors in the masticator space has not been
reported.

As one of the latest techniques for imaging analysis, single-
voxel 1H-MR spectroscopy measures living tissue metabolism
at the molecular level. Increased choline (Cho) signals were
generally thought to be an important criterion in assessing
various tumors. However, whether the Cho metabolites could
play a role in the differentiation of chronic infections and ma-

lignant tumors in the masticator space was unknown. The
aims of this preliminary study were to evaluate in vivo the
single-voxel 1H-MR spectroscopic appearance of chronic in-
fections and malignant tumors in the masticator space and to
determine if differences exist between both lesions in terms of
the levels of Cho metabolites.

Materials and Methods

Subjects
From 2003 to 2006, 47 patients with lesions in the masticator spaces

were referred to the Department of Radiology. MR imaging and
1H-MR spectroscopy were performed for all patients. Three of the

studies were unsuccessful because of uninterpretable spectra and un-

acceptable line width at half maximum of the unsuppressed water

peak. Among the remaining 44 lesions, 24 were confirmed his-

topathologically to be either inflammatory lesions or malignant tu-

mors. These 24 patients consisted of 18 men and 6 women, ranging in

age from 3 to 82 years, with a mean age of 40.6 years. Pathologic

outcomes of 24 lesions included 7 chronic infections, 4 squamous cell

carcinomas, 7 salivary carcinomas, and 6 sarcomas. The demographic

distribution of the subjects and lesions is listed in the Table.

MR Imaging and MR Spectroscopy
MR imaging and 1H-MR spectroscopy were performed on a 1.5T

Signa TwinSpeed system (GE Healthcare, Milwaukee Wis). A neuro-

vascular array coil or a quadrature transmit/receive head coil was

used. Axial MR imaging was performed by using T1-weighted spin-

echo and T2-weighted fast spin-echo sequences. Coronal MR imaging

was performed by using a T2-weighted fast spin-echo sequence with

fat suppression. The parameters of the T1-weighted spin-echo se-

quence were listed as follows: TR/TE, 600/11 ms; 3 acquisitions; FOV,

24 cm; bandwidth, 31.25 Hz; matrix, 256 � 192; section thickness, 5

mm; spacing, 1 mm. The parameters of the T2-weighted fast spin-
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echo sequence were the following: axial TR/TE, 4700/85 ms and coro-

nal TR/TE, 3200/100 ms; 3 acquisitions; echo-train length, 15; FOV,

24 cm (axial) and 20 cm (coronal); bandwidth, 19.23 Hz (axial) and

25 Hz (coronal); matrix, 256 � 192 (axial) and 320 � 160 (coronal);

section thickness, 5 mm; spacing, 1 mm.

For lesion localization of 1H-MR spectroscopy, an axial MR im-

aging with a T2-weighted spin-echo sequence (TR/TE, 3780/80 ms)

or T1 fluid-attenuated inversion recovery (TR/TE/TI, 2130/12/750

ms) was performed with a matrix of 256 � 160, FOV of 24 cm, and a

section thickness of 5 mm with no intersection gap. A point-resolved

spectroscopy sequence (PRESS, TR/TE/NEX, 1500/144/8; 64 signal-

intensity acquisitions) was used as the localizing technique. On the

basis of the size of each lesion, the volume of interest (VOI) was

adjusted to cover the depicted lesion area shown on the localizer im-

ages. The mean volume for all the lesions in this series was 9.09 cm3

with a range of 4.17–18.35 cm3.

The prescanning for 1H-MR spectroscopy automatically adjusted

the received gains, the transmit gain, the center frequency, a 3-plane

autoshim for prescribed VOI, and the water-suppression pulse. The

full width at half maximum of the unsuppressed water peak in the

PRESS sequence was �17 Hz. After the acquisition of MR spectra, all

of the data were automatically processed by the PROBE/SV (Single-

voxel Proton Brain Examination, an image-guided clinical spectros-

copy package provided by GE Healthcare, Milwaukee, Wis). The pro-

cedures of PROBE/SV include internal water-referenced phase-

correction, apodization with a gaussian filter (2.5-Hz width), 1-time

zero-filling, fast Fourier transformation, baseline correction, registra-

tion of metabolic resonance peaks (Cho at 3.2 ppm and creatine [Cr]

at 3.0 ppm) and root-mean-square (RMS) noise, and integration of

metabolite intensity based on the peak area. The RMS noise was mea-

sured by computing the value over two 300-Hz-wide regions of the

spectrum (the range of frequencies [�570.0 Hz, �275.0 Hz] and

[365.0 Hz, 665.0 Hz]) and taking the greater of the 2 levels. Subse-

quently, Cho signal intensity-to-noise ratio (Cho/noise) was mea-

sured by a radiologist. The overall time of the examination was ap-

proximately 9 minutes, including neoplasm-localization sequences

(4 minutes), prescanning (1 minute), and acquisition of PRESS se-

quence (TE of 144 ms) and MR spectrum (4 minutes).

Criteria and Statistical Analysis
Cho signals and Cho/noise were regarded as the criteria in this study

to determine if there were differences between chronic infections and

malignant tumors. The Wilcoxon sign test, a nonparametric test, was

used to compare differences of Cho/noise ratio between chronic in-

fections and malignant tumors. A P value �.05 was considered as a

statistically significant difference.

Results
Of 24 masticator space lesions, 21 lesions (4 chronic infections
and 17 malignant tumors) were identified with Cho signals
(Figs 1 and 2), and the remaining 3 chronic infections had no
Cho signals (Fig 3). Cho/noise ratios were measured in these
21 lesions. The detailed distribution of Cho signals and Cho/
noise ratio data for each lesion is listed in the Table. In addi-
tion, creatine (Cr) signals were found in 6 of 24 lesions (25%),
including 5 malignant tumors (Fig 2) and 1 chronic infection.

All the lesions could be classified into 3 types on the basis of
Cho signals and Cho/noise ratios: type 1 (Fig 3), lesions with
absence of Cho signals (3 chronic infections); type 2, lesions
with Cho signals and a Cho/noise ratio �3 (4 chronic infec-
tions and 4 malignant tumors); and type 3 (Figs 1 and 2),
lesions with Cho signals and a Cho/noise ratio �3 (13 malig-
nant tumors). If type 3 lesions were considered as malignant
tumors, the true-positive detection rate of malignant tumors
was 13 of 17; the true-negative rate, 7 of 7; the false-positive
lesion, none of 7; and the false-negative rate, 4 of 17. There-
fore, in vivo single-voxel 1H-MR spectroscopy had a sensitiv-
ity of 76.5%, specificity of 100%, positive predictive value of

Single-voxel 1H-MR spectroscopic findings of chronic infections and malignant tumors in the masticator space

Case No./Sex/Age Origin Pathology VOI (cm3) Cho Signal Cho Signal-to-Noise Ratio
1/F/29 Unknown Chronic infection 8.00 – N/A
2/M/42 Unknown Chronic infection 8.39 – N/A
3/M/26 Odontogenic Chronic infection 11.73 � 2.50
4/M/16 Mandible Chronic infection 13.29 – N/A
5/F/71 Mandible Chronic infection 6.62 � 2.46
6/M/3 Odontogenic Chronic infection 10.48 � 2.13
7/F/11 Mandible Chronic infection 5.52 � 2.15
8/M/49 Unknown Adenoid cystic carcinoma 8.00 � 6.49
9/F/49 Maxillary sinus Adenoid cystic carcinoma 6.74 � 2.50
10/M/39 Maxillary sinus Adenoid cystic carcinoma 6.11 � 4.88
11/M/22 Unknown Adenoid cystic carcinoma 7.74 � 11.84
12//M/70 Unknown Adenocarcinoma 12.48 � 3.47
13/M/82 Metastasis Adenocarcinoma 4.17 � 3.40
14/F/49 Parotid gland Mucoepithelial carcinoma 10.11 � 7.20
15/M/29 Parotid gland Rhabdomyosarcoma 18.35 � 11.08
16/M/33 Unknown Rhabdomyosarcoma 5.12 � 4.95
17/M/57 Unknown Fibrosarcoma 7.83 � 2.22
18/M/46 Unknown Myxofibrosarcoma 7.63 � 3.96
19/M/32 Mandible Malignant fibrous histiocytoma 7.99 � 2.30
20/M/20 Unknown Synovial sarcoma 7.76 � 10.25
21/F/34 Unknown Squamous cell carcinoma 8.00 � 10.64
22/M/51 Oropharynx Squamous cell carcinoma 10.58 � 5.44
23/M/49 Maxillary sinus Squamous cell carcinoma 17.62 � 2.74
24/M/70 Soft palate Squamous cell carcinoma 7.88 � 4.56

Note:—N/A indicates not available for measurement; VOI, volume of interest.
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100%, negative predictive value of 63.6%, and accuracy of
83.3%.

The mean � SD of Cho/noise ratios for chronic infections
and malignant tumors was 2.31 � 0.19 and 5.76 � 3.29, re-
spectively. Statistically, there was a significant difference be-
tween both lesions (P � .009).

Discussion
An early and correct differentiated diagnosis between an in-
fection and a malignant tumor in the masticator space is piv-
otal for evaluating the prognosis of a patient. However, some
chronic infections or inflammatory pseudotumors in the mas-
ticator spaces may be without any acute inflammatory signs,
such as facial pain and swelling and pus formation, and are
similar to the malignant tumors clinically. The inflammatory
lesions in the extraorbital head and neck spaces can also mimic
the malignant tumors on conventional CT and MR imag-
ing.14-15 These lead to difficulty in indiscriminating between
both kinds of lesions.

In vivo single-voxel 1H-MR spectroscopy is one of the latest
techniques for analyzing molecular structures of living organ-
isms. The height of Cho peaks shown on in vivo single-voxel
1H-MR spectroscopic images is believed to be related to in-
creased cellular membrane phospholipid biosynthesis and is,
therefore, considered as an active marker for cellular prolifer-
ation.16 A number of studies with in vivo 1H-MR spectroscopy

have shown that Cho signals could be reliably found in most
malignant tumors of the extracranial head and neck, such as
squamous cell carcinomas,6-8,11-13,17 salivary carcinomas,9,12

and extracranial malignant lymphomas.11,18 Soft-tissue and
bone sarcomas (outside the head and neck) marked with Cho
signals have also been reported.19 However, there were few
studies describing the in vivo 1H-MR spectroscopic appear-
ances of inflammatory lesions. Shah et al5 reported that
1H-MR spectroscopy could be used to differentiate recurrent
head and neck tumors from posttreatment changes. The in-
flammatory responses with formation of granulation tissue in
the tumor bed might result from radiation therapy. The reac-
tive changes after radiation therapy had a low Cho/Cr ratio or
absence of Cho and its derivatives.5 The current study also
showed that the chronic infections in the masticator space had
either absence of Cho signals or low Cho/noise ratios. On the
contrary, all malignant lesions in the space presented with Cho
signals and most of them with high Cho/noise ratios. The dif-
ferent MR spectroscopic appearances between the chronic in-
fections and malignant tumors might be due to the fact that
there were hypervascularity, hypercellularity, and higher levels
of Cho metabolites and its derivatives.

In the current study, Cho/noise ratio was used to evaluate
masticator space lesions. Previous reports20,21 indicated that if
the Cho/noise ratio was �2, the lesion was most likely a ma-
lignant tumor. The data of this study demonstrated similar

Fig 1. Case 11 with adenoid cystic carcinoma in the right masticator space.
Axial T2-weighted image (A) demonstrates that the lesion with high signal
intensity is located in the right medial masticator space. The MR spectrum
(B) shows a distinct Cho peak at 3.2 ppm. The lipid signals are visible at
0.9 –1.5 ppm.

Fig 2. Case 15 with rhabdomyosarcoma in the right parotid gland and
masticator space. Axial T1-weighted image (A) demonstrates the lesion
with intermediate signal intensity in the right parotid gland and masticator
space. On the MR spectrum (B), both Cho peak (arrow) and Cr peak
(arrowhead) present at 3.2 and 3.0 ppm, respectively.

Fig 3. Case 1 with a chronic inflammatory lesion in the right masticator
space. Axial T1-weighted image (A) demonstrates that the lesion with
isointense signal intensity is located in the right medial masticator space.
The box of VOI is positioned in the lesion of the right medial masticator
space, and there are no Cho signals present on the spectrum (B). The lipid
signals are shown at 0.9 –1.5 ppm.

718 Yu � AJNR 29 � Apr 2008 � www.ajnr.org



results in the masticator space. The chronic infections were
either without Cho signals or had a Cho/noise ratio �3,
whereas most of malignant tumors had a Cho signal intensity
and a Cho/noise ratio �3. Also, there was a statistically signif-
icant difference between the mean Cho/noise ratios of chronic
inflammatory lesions and malignant tumors. On the basis of
these differences, in vivo single-voxel 1H-MR spectroscopy
might be useful in differentiating chronic infections from ma-
lignant tumors in the masticator space.

On the basis of the literature review, the most common
semiquantitative criterion used for evaluation of extracranial
head and neck neoplasms with 1H-MR spectroscopy was the
Cho/Cr ratio.6-13,17 However, some studies found that the
Cho/Cr ratio could only be measured in half or less of ex-
tracranial head and neck neoplasms.8-11 In our series, the
peaks of Cr metabolites could only be identified in approxi-
mately 25% of masticator space lesions. This might be due to
the fact that Cr peaks were at 3.0 ppm and could not be sepa-
rated from the background noise. The difficulty in detecting
Cr signals made the criterion of Cho/Cr ratio less useful in the
assessment of masticator space lesions. The Cho/noise ratio
has previously been applied to evaluate malignant tumors
elsewhere in the body.20,21 Furthermore, we found that it was
easier to measure the Cho/noise ratio than the Cho/Cr ratio in
the masticator space lesions. The RMS noise can be automat-
ically measured by the MR imaging scanner with the same
algorithm and method during each acquisition of the MR
spectrum.

The drawbacks with in vivo single-voxel 1H-MR spectros-
copy in masticator space lesions should be pointed out. First,
shimming difficulty existed in this study due to considerable
magnetic susceptibility differences in the extracranial head
and neck.6,11 Unavoidable inclusion of adjacent bony and air-
containing structures in the large VOI reduced the likelihood
of obtaining an adequate shim, which resulted in decreased
spectral resolution.6 Second, there was a 23.5% (4/17) false-
negative rate for malignant tumors in the current study. This
indicated that there was overlap of the MR spectroscopic find-
ings between chronic infections and malignant tumors with
the current standards. Third, the VOI used in the current
study was �4 cm3, which limited its use for small lesions.
Using a VOI �4 cm3 in the masticator space may result in
failure of in vivo single-voxel 1H-MR spectroscopy. Therefore,
other physiologic techniques, such as MR diffusion-weighted
imaging and dynamic enhanced MR imaging, might have po-
tential in the assessment of small masticator space lesions. Fi-
nally, because the current study was preliminary and the sam-
ple size for both lesions was relatively small, further studies
with larger sample sizes are required to validate these findings.

Conclusion
The current study demonstrated that there were 3 different
types of 1H-MR spectroscopic manifestations in both masti-
cator space lesions. The differences of Cho signals and Cho/
noise ratios among these 3 manifestations might be potentially
useful in the differentiation of chronic infections from malig-
nant tumors in the masticator space.
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