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BACKGROUND AND PURPOSE: Squamous cell carcinoma (SCC) and lymphoma are com-
mon malignant tumors of the head and neck. The purpose of this study was to determine
whether the apparent diffusion coefficient (ADC) in line scan diffusion-weighted imaging
(LSDWI) is useful for distinguishing between SCC and lymphoma of the head and neck.

METHODS: LSDWI was prospectively performed in 39 patients with SCC and in 14 patients
with lymphoma. Images were obtained with a diffusion-weighted factor (b factor) of 5 and 1000
s/mm2, and ADC maps were generated. ADC values were measured for the two types of tumor.

RESULTS: Mean ADC values were 0.96 � 0.11 � 10�3 mm2/s for SCC and 0.65 � 0.09 � 10�3

mm2/s for lymphoma; the difference was significant (P < .001). All but one of the patients with
lymphoma had ADC values lower than the lowest ADC (0.76 � 10�3 mm2/s) in patients with
SCC. When an ADC of 0.76 � 10�3 mm2/s was used to distinguish between SCC and lymphoma,
accuracy was 98% (52 of 53 lesions).

CONCLUSION: ADC values appear to be useful for distinguishing between SCC and lym-
phoma in the head and neck.

Diffusion-weighted (DW) imaging is a technique for
evaluating the rate of microscopic water diffusion in
tissues. Since the introduction of the echo-planar
technique, DW imaging has been successfully used to
evaluate diseases of the CNS, particularly in the di-
agnosis and management of cerebral ischemia (1–4).
DW imaging has been applied to CNS tumors. The
results of comparisons of the apparent diffusion co-
efficient (ADC) and histopathologic findings have
strongly suggested that greater cellularity is associ-
ated with more restricted diffusion (5, 6).

DW imaging is potentially useful in the evaluation
of head and neck lesions (7–10), and ADC measure-
ments have suggested that this imaging method may
be useful for their characterization (7). Although re-
sults of initial studies were both challenging and
promising, one drawback was the technical difficulty

in assessing diffusion by echo-planar DW imaging.
Because echo-planar DW imaging is limited by nota-
ble susceptibility artifacts in the head and neck due to
the presence of dental work, as well as adjacent air
and bone, it may be difficult to obtain precise ADC
measurements in lesions located here. Therefore,
DW imaging techniques that are insensitive to sus-
ceptibility artifacts appear to be necessary for the
evaluation of head and neck lesions. We propose the
application of line scan DW imaging (LSDWI) in the
head and neck because this technique is inherently
insensitive to susceptibility artifacts (11–14).

Squamous cell carcinoma (SCC) is the most com-
mon malignant tumor of the head and neck, but
lymphoma is also common in this region. Conven-
tional MR imaging findings are often nonspecific for
SCC versus lymphoma (15, 16). The objective of this
study was to evaluate the usefulness of the ADC value
in LSDWI for distinguishing between SCC and lym-
phoma of the head and neck.

Methods

Patients
A total of 154 consecutive patients underwent clinical MR

imaging over a 20-month period at a university hospital for the
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evaluation of head and neck tumors. The following patients
were excluded from the study: (1) 30 patients in whom a
pathologic diagnosis of the tumor was not obtained; (2) 42
patients in whom pathologic examination of the tumor showed
a tumor type other than SCC or lymphoma; (3) 11 patients who
received radiation therapy, chemotherapy, or both before MR
study; and (4) 13 patients with tumors that were �10 mm in
minimal transverse diameter on MR images or difficult to
detect on T2-weighted images. In addition, five patients who
met the inclusion criteria were excluded because their images
showed motion artifacts. Consequently, we included 53 patients
(39 with SCC and 14 with lymphoma). Patients with SCC
included eight women and 31 men (age range, 41–84 years;
mean age, 64.6 years), and those with lymphoma included
seven women and seven men (age range, 7–86 years; mean age,
57.3 years). Table 1 shows the locations of their SCCs and
lymphomas.

In all patients, the final diagnosis was based on pathologic
findings in biopsy specimens. Biopsy was usually performed
by means of fiberscopic guidance or endoscopic sinus sur-
gery. In orbital lesions or those in the deep cervical spaces,
open biopsy was performed. SCCs were classified as well
differentiated (n � 8), moderately differentiated (n � 27),
or poorly differentiated (n � 4). Lymphomas were classified
as diffuse large B-cell lymphoma (n � 5), marginal zone
B-cell lymphoma (n � 4), natural killer– cell/T-cell lym-
phoma (n � 3), Hodgkin lymphoma (mixed cellularity, n �
1), or follicular lymphoma (n � 1).

The mean maximum diameters of the tumors on MR images
were 36.2 � 12.9 mm (range, 20–60 mm) for SCCs and 37.1 �
16.7 mm (range, 20–70 mm) for lymphomas.

MR Imaging Sequences
MR imaging was performed by using a 1.5-T MR imaging

system (Signa, GE Medical Systems, Milwaukee, WI). A neu-
rovascular array coil was used to allow coverage from the skull
base to the thoracic inlet. All patients underwent conventional
MR imaging. An axial T1-weighted spin-echo sequence (TR/
TE � 516/9) and an axial T2-weighted fast spin-echo sequence
(TR/TE � 3200/84, echo train length � 8) with or without fat
suppression were used, with a matrix size of 256 � 224, a field
of view of 20 � 20 to 22 � 22 cm, a section thickness of 5 mm
with an intersection gap of 1 mm, and three signals acquired.

LSDWI studies were conducted within the guidelines of the
research committees of our institution. Informed consent was
obtained from patients or their authorized representatives. The
LSDWI method was described previously (11–14). Neither car-
diac gating nor respiratory triggering was used, and no antisus-
ceptibility devices on the neck were used to reduce susceptibil-
ity artifacts. LSDWIs were acquired by using the following
parameters: TR/TE/NEX � 2376–3124/57.1–70.7/1, field of
view of 20 � 20 to 22 � 22 cm, matrix size of 128 � 128
columns, and bandwidth of 3.91 kHz. The effective section
thickness was set to 5 mm with an intersection gap of 1 mm.

LSDWI images were obtained with two b values, with the
maximal b value applied along the three orthogonal directions:
one with a low diffusion weighting (b � 5 s/mm2) and the other
with a high (maximum) b factor of 1000 s/mm2. The imaging
time per section was 30–45 seconds, and three to five sections
were obtained in the axial plane according to the size of the
lesion. Our MR system did not support echo-planar DW
imaging with a neurovascular array coil; therefore, echo-
planar DW imaging (TR/TE � 9999/69.2, b � 0, 1000
s/mm2) was performed with a head coil in five patients for
comparison with LSDWI.

Spin-echo T1-weighted images (TR/TE � 516/9) and/or
gradient-echo images (TR/TE �130/3; flip angle, 80°) were
obtained after the intravenous injection of gadopentetate
dimeglumine (Magnevist; Japan Schering Co, Osaka, Japan) in
all patients except for two patients, who had renal failure.

Imaging Data Analysis
Isotropic diffusion images with b � 1000 s/mm2 were gen-

erated from the three diffusion directions assessed. Trace ADC
maps were generated by using the equation Stejskal and Tan-
ner described (17): S � S0e�bADC, where b is the diffusion
weighting factor, S is the signal intensity of the diffusion trace
for b � maximum, and S0 is the signal intensity for b � 5 s/mm2.
ADC measurements were obtained from the trace ADC maps
by using regions of interest (ROI) placed over the tumors by a
neuroradiologist (M.M.). The area of each ROI that was 80
mm2 or greater was included in the computation. For ROI
measurements in the tumors, special care was taken to include
the solid-appearing portions of the tumors and to exclude
obviously necrotic or cystic regions, as demonstrated in the
corresponding T2-weighted and contrast-enhanced MR im-
ages. For SCCs, ADC measurements were obtained for only
the primary tumor irrespective of metastases to cervical lymph
nodes. ADC values were expressed as mean � standard
deviation.

Pathologic Evaluation
Pathologic evaluation was performed for small foci of ne-

crosis in 35 patients with SCC and nine patients with lymphoma
by using biopsy specimens. Four patients with SCC and five
patients with lymphoma had undergone biopsy at other insti-
tutions, and their pathologic specimens were therefore not
available for review. A pathologist (H.K.) was asked to assess
the pathologic slides of the tumors for small foci of necrosis.
When small foci of necrosis were seen in the pathologic spec-
imen, the degree of necrotic foci was graded as mild when the
ratio of necrotic areas to tumor areas was less than 0.2 or
conspicuous when it corresponding to a ratio of 0.2 or more.

Statistical Methods
The Mann-Whitney U test was used to detect significant

differences in mean ADC values between SCC and lymphoma
and between well or moderately differentiated SCC and poorly
differentiated SCC and also to detect significant differences in
the degree of small foci of necrosis of tumors. A P value of less
than 0.05 was considered to indicate a statistically significant
difference.

Results

ADC Values of SCC and Lymphoma
LSDWI provided diagnostic images (Figs 1–5) and

also permitted ADC values to be measured. Apparent
necrosis was noted in a single patient with a large
SCC, and the ROI measurements were carefully per-
formed to avoid necrotic areas in this patient. Mean

TABLE 1: Locations of SCCs and lymphomas

Lesion Locations

SCC (n � 39) Nasopharynx (n � 2), oropharynx (n � 9),
hypopharynx (n � 13), paranasal sinuses
and nasal cavity (n � 7), oral cavity
(n � 4), larynx (n � 2), external auditory
canal (n � 1), lacrimal sac (n � 1)

Lymphoma
(n � 14)

Deep cervical spaces (n � 4), nasopharynx
(n � 1), paranasal sinuses and nasal
cavity (n � 4), oral cavity (n � 1),
external auditory canal (n � 2), orbit
(n � 2)
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ADC values were 0.96 � 0.11 � 10�3 mm2/s for SCC
and 0.65 � 0.09 � 10�3 mm2/s for lymphoma (Fig 6);
the difference was significant (P � .001). All but one
of the patients with lymphoma had ADCs lower than
the lowest ADC value (0.76 � 10�3 mm2/s) observed
in those with SCC (Fig 6). When an ADC of 0.76 �
10�3 mm2/s was used to distinguish between SCC and
lymphoma, the accuracy was 98% (52 of 53 lesions).

Mean ADC values for well differentiated (n � 8),
moderately differentiated (n � 27), and poorly dif-
ferentiated (n � 4) SCC were 1.01 � 0.08 � 10�3,
0.94 � 0.11 � 10�3, and 0.97 � 0.12 � 10�3 mm2/s,
respectively (Fig 7). The mean ADC for well or mod-
erately differentiated SCC (n � 35) was 0.95 � 0.11 �
10�3 mm2/s. ADCs in well or moderately differenti-
ated SCC did not significantly differ from those in
poorly differentiated SCC.

Degree of Small Foci of Necrosis in Pathologic
Specimens and ADCs

Small foci of necrosis were not seen in the patho-
logic specimens of 13 (37%) of 35 patients with SCC
and of four (44%) of nine patients with lymphoma.
Table 2 summarizes the degree of small foci of ne-
crosis and the corresponding ADCs. Although ADC
values increased slightly with the degree of small foci
of necrosis, the difference was not significant for
either type of tumor.

Discussion
The pattern of growth and the clinical symptoms of

SCCs and lymphomas are often so characteristic that
distinction of the two tumors is possible (18). How-
ever, the MR characteristics (e.g., signal intensities

FIG 1. Axial images obtained in a 46-year-old woman with moderately differentiated SCC of the hypopharynx.
A, T2-weighted fat-suppressed MR image shows a mass (arrow) in the upper right pyriform sinus.
B, LSDWI obtained with b � 1000 s/mm2 shows a mass (arrow). Anatomic details adjacent to the mass are clearly depicted and easily

understood.
C, Corresponding ADC map. ADC of the mass (arrow) is 0.94 � 10�3 mm2/s.

FIG 2. Axial images obtained in a 69-year-old man with diffuse large B-cell lymphoma of the nasopharynx.
A, T2-weighted fat-suppressed MR image shows the mass (arrows).
B, LSDWI obtained with b � 1000 s/mm2 shows the mass (arrows).
C, Corresponding ADC map. ADC value of the mass (arrows) is 0.69 � 10�3 mm2/s.
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and contrast enhancement patterns) are sometimes
indistinguishable (15). Therefore, distinguishing SCC
from lymphoma by using standard anatomic MR im-
aging techniques can be a challenge.

Our preliminary results showed that LSDWI of the
head and neck was feasible and provided diagnostic
images without the need for specialized hardware,

cardiac gating, or respiratory compensation. In LS-
DWI, multiple diffusion-weighted, spin-echo column
excitations are used to obtain a two-dimensional im-
age (19). This method is relatively insensitive to mo-
tion artifacts because the images are constructed col-
umn by column, and the acquisition time for an
individual column is approximately equal to the TE.

FIG 3. Axial images obtained in a 68-year-old man with moderately differentiated SCC of the left lacrimal sac.
A, T2-weighted fat-suppressed MR image shows the mass (arrow).
B, LSDWI obtained with b � 1000 s/mm2 shows the mass (arrow).
C, ADC map shows that the signal intensity of the mass (arrow) is slightly higher than that of normal brain parenchyma. ADC of the

mass is 1.04 � 10�3 mm2/s.

FIG 4. Axial images obtained in a 57-year-old man with marginal zone B-cell lymphoma of the right orbit.
A, T2-weighted fat-suppressed MR image shows the mass (arrows).
B, LSDWI obtained with b � 1000 s/mm2 shows the mass (arrows).
C, ADC map shows that the signal intensity of the mass (arrows) is slightly lower than that of normal brain parenchyma. ADC of the

mass is 0.59 � 10�3 mm2/s.

FIG 5. Axial images obtained in a 69-year-old man with moderately differentiated SCC of the right ethmoid sinuses extending
intracranially.

A, T2-weighted fat-suppressed MR image shows the mass (arrows).
B, Echo-planar DW image obtained with b � 1000 s/mm2 shows significant susceptibility artifacts due to a fixed partial denture,

making it impossible to evaluate diffusion.
C, LSDWI obtained with b � 1000 s/mm2 shows the mass (arrows) free from susceptibility artifacts.
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Patient movement or physiologic pulsatile motion
may result in the loss of signal intensity from a col-
umn of data, but the rest of the image is unaffected.
Unlike single-shot echo-planar DW imaging, LSDWI
has minimal susceptibility-related image distortions
and loss of signal intensity (11–14, 19); these advan-
tages are essential in DW imaging studies of the head
and neck.

In none of our cases did susceptibility artifacts
interfere with the evaluation of diagnostic images
or ADC values by using the LSDWI technique.
Wang et al (7) reported that 16% of their cases had
local distortion that affected the lesions on single-
shot echo-planar DW images obtained with a b
factor of 1000 s/mm2, and their ADC maps were
suboptimal because of susceptibility artifacts. They
concluded that single-shot echo-planar DW imag-
ing was limited by notable technical limitations
related to susceptibility artifacts. First, image dis-
tortion along the phase-encoding direction was un-
avoidable to some degree, and the ADC values in
lesions might therefore be inaccurate. Second, it
was impossible to measure the ADC values of le-
sions located adjacent to air, as in the nasopharynx
and oropharynx, because of susceptibility artifacts.
In addition, we suspect that susceptibility artifacts
severely affect single-shot echo-planar DW images,
particularly in patients with fixed partial dentures
(Fig 5B). We did not compare our LSDWI tech-

nique with single-shot echo-planar DW imaging in
all cases, but both LSDWI and single-shot echo-
planar DW imaging were performed in some cases.
With single-shot echo-planar DW imaging, suscep-
tibility artifacts were pronounced (Fig 5B), making
it impossible to obtain ADC measurements of the
lesions. On the other hand, LSDWI showed no
susceptibility artifacts (Fig 5C) and thus permitted
us to obtain ADC measurements. The LSDWI
technique therefore appears to be more suitable
than the echo-planar DW imaging technique for
the quantitative assessment of diffusion abnormal-
ities in the head and neck.

Sugahara et al (5) reported that the minimum ADC
value has a good correlation with histologic cellularity
in gliomas. Guo et al (6) also reported a clear inverse
relationship between the ADC value and cellularity of
brain tumors, such as lymphomas and high-grade as-
trocytomas. The ADC value was significantly lower in
lymphomas than in high-grade gliomas, whereas cel-
lularity was significantly greater in lymphomas than in
high-grade gliomas. Their findings suggest that
greater cellularity is associated with more restricted
diffusion. Although their data were based on the
examination of brain tumors, this hypothesis also ap-
pears to be applicable to head and neck tumors.

Our results showed that the ADC value was sig-
nificantly lower in lymphoma than in SCC. In only
one case did the ADC value of a lymphoma overlap

FIG 6. Scatterplot of ADC values in SCC (n � 39) and lymphoma (n � 14). All but one of the patients with lymphoma had ADCs lower
than the lowest ADC (0.76 � 10�3 mm2/s) in those with SCC. When an ADC of 0.76 � 10�3 mm2/s (dotted line) was used to distinguish
between SCC and lymphoma, the accuracy was 98% (52 of 53 lesions).
FIG 7. Scatterplot of ADC values in well (n � 8), moderately (n � 27), and poorly (n � 4) differentiated SCCs. ADCs overlap in the three
subtypes of SCC. Well or moderately differentiated SCC (n � 35) did not significantly differ from poorly differentiated SCC (n � 4).

TABLE 2: ADCs of tumors versus degree of small foci of necrosis in pathologic specimens

Lesion

ADC (�10�3 mm2/second)

No Necrosis Mild Necrosis Conspicuous Necrosis

SCC (n � 35) 0.93 � 0.06 (n � 13) 0.96 � 0.12 (n � 19) 1.01 � 0.09 (n � 3)
Lymphoma (n � 9) 0.63 � 0.10 (n � 4) 0.73 � 0.05 (n � 5) Not applicable

Note.—ADC values did not significantly differ according to degree of small foci of necrosis. Data are the mean � standard deviation.
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that of SCC. Therefore, ADC values may be useful
for distinguishing between these malignant tumors.
The difference observed in ADC values may have
been due to differences in tumor cellularity. If the
above-mentioned hypothesis holds, lymphoma is
expected to have greater tumor cellularity than
SCC. Although we did not quantitatively analyze
tumor cellularity, attenuated aggregates of cells
with scanty cytoplasm and an extracellular matrix
were commonly observed in our patients with lym-
phoma, and this finding may explain the lower
ADC values obtained for lymphoma than for SCC,
as suggested by findings for CNS lymphoma (6).

Apparent necrosis on T2-weighted and contrast-
enhanced images was observed in only one of 39
patients with SCC and in none of the patients with
lymphoma. On the other hand, pathologic exami-
nation revealed that 22 (63%) of 35 patients with
SCC had small foci of necrosis of the mild or
conspicuous type, whereas five (56%) of nine pa-
tients with lymphoma had small foci of necrosis of
the mild type. Wang et al (7) speculated that the
small foci of necrosis in tumors confirmed by
pathologic examination but not identifiable on MR
imaging might be the main reason for high ADC
values observed in SCC. On the other hand, Lyng et
al (20) reported that the fraction of massive necro-
sis could be correlated with the ADC value but not
the fraction of small foci of necrosis because the
size of small foci of necrosis may be smaller than
the voxel of the MR images. This observation may
support our finding that the ADC values of tumors
did not significantly differ with degree of small foci
of necrosis (Table 2). Although biopsy specimens are
small and though they may not accurately reflect the
fraction of necrosis in the entire tumor, our results
suggest that small foci of necrosis of tumors were not
the main reasons for a high ADC value.

Wang et al (7) reported that the ADC values of
poorly differentiated carcinoma overlap those of lym-
phoma, suggesting that ADC values of poorly differ-
entiated carcinoma are lower than those of well or
moderately differentiated carcinoma. Sumi et al (10)
also reported that ADC values of well or moderately
differentiated SCC are higher than those of poorly
differentiated SCC and that the ADC values of poorly
differentiated SCC approximate those of lymphoma
as a result. They ascribed this finding to the hyper-
cellularity of poorly differentiated SCC. On the other
hand, our results showed no overlap between lym-
phoma and poorly differentiated SCC and no signif-
icant differences in ADC values according to degree
of differentiation in SCC. Why our results are not in
agreement with those of previous reports is uncertain.
The degree of histopathologic differentiation is not
always related to degree of cellularity in malignant
tumors. In the histologic grading of SCC, the degree
of differentiation is determined by specific findings,
such as the keratinization, stratification and atypia of
cells, and the degree of cellularity is not particularly
significant (21). Therefore, studies in more patients

with SCC are needed before we can reach a conclu-
sion on this matter.

The LSDWI technique is robust and applicable to
evaluation of ADC values in tumors of the head and
neck, where insensitivity to susceptibility artifacts is
essential. However, our study had several drawbacks.
First, LSDWIs were degraded in five patients who
met the inclusion criteria but who were unable to
control movement of their head and neck, resulting in
their exclusion from this study. Second, we selected b
factors of 5 and 1000 s/mm2 to obtain the ADC
values. The effect of the perfusion factor may not be
eliminated with these b factors because transforma-
tion between the perfusion and diffusion effects oc-
curs at b values in the 100–300 s/mm2 range (22).
Some investigators used relatively high b factors of
500 and 1000 s/mm2 to avoid the attribution of per-
fusion factor to the diffusion factor (9, 10). Therefore,
the hypervascular portions of SCC might be partly
responsible for the increased ADC values observed in
our study.

Conclusion

LSDWI is insensitive to susceptibility artifacts and
permits the evaluation of ADC values in SCC and
lymphoma of the head and neck. ADC values of
lymphoma were significantly lower than those of
SCC. LSDWI may be useful for distinguishing be-
tween SCC and lymphoma.
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