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Objectives: The objective of this study was to compare the accuracy of contrast-enhanced
CT (CECT) and contrast-enhanced MRI (CEMRI) in the detection of perineural spread
(PNS) of adenoid cystic carcinoma (ACC) in the oral and maxillofacial regions.
Methods: This study consisted of 13 ACCs from 13 patients, all of which were histo-
pathologically diagnosed. Both CECT and CEMRI were performed in all patients before the
treatment. The images of each patient were retrospectively evaluated for the detection of PNS.
The definitions of PNS included abnormal density/signal intensity, contrast enhancement or
widening of the pterygopalatine fossa, palatine foramen, incisive canal, mandibular foramen
and mandibular canal, and enlargement or excessive contrast enhancement of a nerve.
Results: 11 out of 13 cases were proven to exhibit PNS histopathologically. 8 of the 11 cases
for which PNS was histopathologically proven exhibited PNS on MR images. Six of the eight
cases for which PNS was exhibited on MR images also exhibited PNS on CT images. The
sensitivity, specificity and accuracy for the detection of PNS were 55%, 100% and 62% on CT
images and 73%, 100% and 77% on MR images, respectively. Although the accuracy of PNS
on MR images was slightly superior to that on CT images, there were no statistically
significant differences between the detection of PNS on CT images and on MR images.
Conclusions: CT and MR images are equally useful for the detection of PNS of ACC in the
oral and maxillofacial regions.
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Introduction

Adenoid cystic carcinoma (ACC) is a rare malignant
tumour of the major and minor salivary glands, ac-
counting for 1% to 2% of all head and neck malig-
nancies and approximately 10% of all salivary gland
neoplasms.1 ACC is characterized by a high rate of
late local failure and distant metastasis.2 60% to 70%
of ACCs arise in the minor salivary glands, which may
be localized in the palate, paranasal sinuses and nose,
although they may also occur in the parotid or
submandibular glands.3

In addition, ACC is the most common primary
tumour to spread via the perineural mechanism.4

Perineural spread (PNS) of head and neck tumours
most commonly occurs along the branches of the
trigeminal and facial nerves.5–7 The incidence of PNS in
patients with head and neck cancer dramatically alters
the treatment and prognosis.8 However, some patients
with radiologically or pathologically proven PNS have
normal nerve function upon clinical examination.9

Many treatment failures are related to unrecognized
PNS,10 so it is important to diagnose the presence of
PNS precisely before treatment. Both CT and MRI
can help detect PNS, but MRI is the modality of choice
because of its superior soft-tissue contrast and the
decreased amount of artefact disruption from dental
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hardware in the oral and maxillofacial regions.9 How-
ever, there have been few reports that investigate the
CT and MRI features of PNS of ACC in the oral and
maxillofacial regions. In particular, there have been few
reports on both contrast-enhanced CT (CECT) and
contrast-enhanced MRI (CEMRI) being performed
on all patients with ACC in the oral and maxillofacial
regions.

The aim of this study was to compare the accuracy
of the CECT and CEMRI in the detection of PNS of
ACC in the oral and maxillofacial regions using histo-
pathology as a gold standard.

Materials and methods

We designed and implemented a retrospective case
series study. Our institutional review board at Osaka
University Dental Hospital, Japan, approved this
retrospective study and written informed consent for
enrolment was obtained from the patients.

The study sample was derived from the population of
patients who presented to Osaka University Dental
Hospital, and were histopathologically diagnosed with
ACC between June 2000 and December 2007. Patients
eligible for study inclusion had primary ACC in the
oral and maxillofacial regions, underwent both CECT
and CEMRI before the treatment and consented to
study enrolment. Patients were excluded from the
study if they had recurrent lesions, failed to undergo
CECT or CEMRI before the treatment or refused study
enrolment.

The predictor variable was the presence of PNS by
the histopathological diagnosis. The outcome variable
was the presence of PNS on CT or MR images. The
other variables were age, sex and primary tumour
location.

CT images were obtained with CT scanners (Light
Speed QX/i, General Electric, Milwaukee, WI) at
120 kVp and 130–200 mA. On CT, the tumours were
studied using the axial plane with the X-ray beam
parallel to the occlusal plane. The field of view (FOV)
was 256 25 cm, the matrix size was 5126 512 and the
slice thickness was 2.5–5 mm with no inter-slice spacing.
A 100 ml dose of the contrast medium (iopa-
midol, Iopamiron 300, Bayer Yakuhin Ltd., Osaka,
Japan; iohexol, Omnipaque 300, Daiichi Sankyo Co.,
Ltd., Tokyo, Japan; or iomeprol, Iomeron 300, Eisai
Co., Ltd., Tokyo, Japan) was intravenously adminis-
tered to all patients. Although the precise timing varied
minimally from patient to patient, our typical scanning
sequence consisted of an initial intravenous (IV) bolus
injection of 70 ml at 0.6 ml s–1, followed by dynamic
injection of 30 ml at 0.3 ml s–1 and simultaneous
scanning.

MR images were obtained with a 1.5 T supercon-
ducting magnet scanner (Signa LX, General Electric)
equipped with a head coil. On MRI, the tumours were
studied using only the axial plane parallel to the occlusal

plane. The scan protocol included T1 weighted (time
of repetition (TR) 400–500 ms/time of echo (TE) 9–10 ms/
number of excitations 1) spin-echo sequences with or
without the chemical shift selective fat suppression (FS)
technique and T2 weighted (TR 3500 ms/TE 98 ms/
number of excitations 1) fast spin-echo sequences with the
chemical shift selective FS technique. In all patients,
the contrast medium (gadopentetate dimeglumine, Mag-
nevist, Bayer Yakuhin Ltd.; gadodiamide, Omniscan,
Daiichi Sankyo Co., Ltd., or gadoteridol, Prohance, Eisai
Co., Ltd.) was intravenously administered and the T1

weighted spin-echo sequences using the FS technique
were repeated before and after the contrast medium was
administered. The typical scanning sequence consisted
of IV bolus injection at approximately 0.2 ml kg–1

body weight, followed by a 1 min delay and scanning.
The FOV was 25625 cm, the matrix size was 5126256
and the slice thickness was 5 mm with 1 mm interslice
spacing.

Both CT and MR images of each patient were
retrospectively evaluated on the detection of PNS. On
the basis of Ginsberg’s criteria of PNS,11 the definitions
of PNS included abnormal density/signal intensity,
contrast enhancement or widening of the pterygopala-
tine fossa, palatine foramen, incisive canal, mandibular
foramen and mandibular canal, and enlargement or
excessive contrast enhancement of a nerve. These
findings were independently evaluated on the CT and
MR images by two radiologists who did not know the
results of the histopathological examination and then
consensus readings for interpretation discrepancies was
performed.

For the statistical analysis, Fisher’s exact probability
test and Student’s t-test were used to evaluate the pre-
sence of possible selection biases. Fisher’s exact prob-
ability test was used to evaluate correlations between the
presence of PNS by the histopathological diagnosis
and the detectability of PNS on CT or MRI while the
detectability of PNS on CT and MRI was compared with
the McNemar test. p , 0.05 was considered to indicate a
significant difference.

Results

21 patients corresponded to the inclusion criteria. Eight
patients were excluded for the following reasons: three
failed to undergo CT examination; two failed to undergo
MRI examination; two had recurrent lesions; and one
patient failed to inject the contrast medium in the
MRI examination. All available data in the form of
pathological specimens, image characteristics and
clinical courses were reviewed and revealed that 13
patients had 13 ACC lesions (Table 1). The subjects
included 5 males and 8 females, ranging from 27 years
to 79 years of age (mean age 57.8 years). The site of
origin of these tumours included five palates, three
sublingual glands, two lips, one cheek, one retromolar
and one angle of the mandible. Table 2 shows the
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summary of study variables. There were no possible
selection biases (p . 0.05).

11 of 13 cases were proven to exhibit PNS histo-
pathologically. 8 of the 11 cases where the PNS was
histopathologically proven exhibited PNS on MRI.
Six of the eight cases where PNS was exhibited on
MRI also exhibited PNS on CT images (Figures 1 and
2). In case 7, PNS within the pterygopalatine fossa was
not detected on CT images, although it was detected
on T1 weighted CEMRI with the FS technique
(Figure 3). In case 8, PNS within the mandibular
foramen and the mandibular canal was not detected on
CT images, although it was detected on T1 weighted
CEMRI, T2 weighted MR images with the FS tech-
nique and T1 weighted CEMRI with the FS technique
(Figure 4).

The sensitivity, specificity and accuracy of CT images
for the detection of PNS were 55%, 100% and 62%,
respectively (Table 3). The sensitivity, specificity and
accuracy of MR images for the detection of PNS were
73%, 100% and 77%, respectively (Table 4). There were
no statistically significant correlations between the
presence of PNS by the histopathological diagnosis
and the detectability of PNS on CT or MR images

(p 5 0.26 and 0.12, respectively). Although the accu-
racy of PNS on MR images was slightly superior to that
on CT images, there were no statistically significant
differences between the detectability of PNS on CT
images and that on MR images (p 5 0.48).

All five palate cases were proven to exhibit PNS
histopathologically and also exhibited PNS on MR
images. Only 4 of 11 cases where PNS was histopatho-
logically proven showed paraesthesia clinically. Only
three of eight true positive cases on MR images showed
paraesthesia clinically.

Discussion

The aim of this study was to compare the accuracy of
the CECT and CEMRI in the detection of PNS of ACC
in the oral and maxillofacial regions using histopatho-
logy as a gold standard.

The results of this study confirm that CT and MR
images are equally useful for the detection of PNS of
ACC in the oral and maxillofacial regions. Although
the accuracy of PNS on MR images was slightly superior

Table 1 Clinical summary and imaging findings of patients with perineural spread of adenoid cystic carcinoma in the oral and maxillofacial
regions

Case
Age
(years)/sex Primary tumour location Left/Right Clinical symptoms PNS

CT MRI
Histopathological
diagnosis

1 29/F Angle of mandible L Trismus (+) (+) (+)
2 27/F Cheek L Paresthesia/trigeminal

neuralgia
(+) (+) (+)

3 67/M Palate R Swelling (+) (+) (+)
4 62/M Palate R Paresthesia/trigeminal

neuralgia
(+) (+) (+)

5 64/M Palate R Swelling (+) (+) (+)
6 78/M Palate L Contact pain (+) (+) (+)
7 37/F Palate L Contact pain (2) (+) (+)
8 72/F Retromolar L Paresthesia of tongue (2) (+) (+)
9 68/F Sublingual gland L Paresthesia of tongue (2) (2) (+)
10 79/F Sublingual gland L No symptom (2) (2) (+)
11 64/M Lower lip R No symptom (2) (2) (+)
12 51/F Sublingual gland L Swelling (2) (2) (2)
13 53/F Upper lip R Contact pain (2) (2) (2)

(+), positive findings of PNS; (2), negative findings of PNS; F, female; L, left; M, male; PNS, perineural spread; R, right.

Table 2 Summary of study variables

PNS by the histopathological diagnosis

Variable name (and type) (+) (2) p-value

Sample size (n) 11 (85%) 2 (15%) Not applicable
Sex: male (binary) 5 (45%) 0 (0%) 0.22a

Primary tumour location (categorical) 0.55a

Palate 5 (45%) 0 (0%)
Sublingual gland 2 (18%) 1 (50%)
Lip 1 (9%) 1 (50%)
Cheek 1 (9%) 0 (0%)
Retromolar 1 (9%) 0 (0%)
Angle of mandible 1 (9%) 0 (0%)

Age (continuous) 58.8¡18.8 52.0 ¡ 1.41 0.63b

(+), positive findings of PNS; (2), negative findings of PNS; PNS, perineural spread.
a Fisher’s exact probability test.
b Student’s t-test.
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Figure 1 Adenoid cystic carcinoma (ACC) of the left angle of mandible in a 29-year-old female (Case 1). (a,b) A well-defined-margin tumour in
the left angle of mandible can be detected on CT and MR images (arrowheads). (c) A plain CT image shows obliteration of fat compared with the
right side in the left mandibular foramen (arrow). (d) A contrast-enhanced CT image shows inhomogeneous enhancement in the left mandibular
foramen (arrow). (e) A reformatted CT image with bone algorithm shows widening of the left mandibular foramen (arrow). (f) A T1 weighted MR
image shows intermediate signal intensity the same as that of adjacent muscle in the left mandibular foramen (arrow). (g) A T2 weighted MR
image with the fat suppression (FS) technique shows higher signal intensity than that of adjacent muscle in the left mandibular foramen (arrow).
(h,i) Contrast-enhanced T1 weighted MR images with the FS technique show contrast enhancement of the left mandibular foramen (arrows). (j) A
histopathologic section shows perineural spread of tumour cells along the inferior alveolar nerve and infiltration of cribriform-type ACC cells for
the surrounding tissues (bar 200 mm)
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to that on CT images, there were no statistically sig-
nificant differences between the detectability of PNS on
CT images and that on MR images.

The reported incidence of PNS in patients with ACC is
widely variable and ranges from 20% to 80%.12 Almost
any nerve can serve as a pathway for the spread of
malignant disease around the extracranial head and
neck. The pathway of PNS is predictable with knowledge
of the pertinent anatomy.9 The maxillary nerve can carry
a tumour from the palate, maxilla, midface, nose and
nasopharynx.7,13 Tumours of the lip, chin and oral floor
can follow the inferior alveolar nerve and tumours of the
tongue can extend along the lingual nerve.14

There is some controversy on the mechanism of
PNS.3 Some researchers believe that the tumour

spreads along the lymphatic system associated with
the nerve.13 Others think that the nerve simply
represents the line of least resistance.15 Although the
pathogenesis of PNS is poorly understood, several
recent reports have shown that neural cell adhesion
molecules may have a role in the pathogenesis of PNS
of malignant tumours, including ACC and squamous
cell carcinoma.4

As tumour cells accumulate along the nerve, they
may cause foraminal enlargement and, eventually,
foraminal destruction.6,13,14 This is well observed on
cross-sectional CT images.13 However, foraminal enlar-
gement is a delayed finding because the normal nerve is
small in relation to the foramen, allowing considerable
tumour growth to occur without foraminal change.8,16
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Figure 2 Adenoid cystic carcinoma of the left cheek in a 27-year-old female (Case 2). (a,b) An ill-defined-margin tumour in the left cheek can be
detected on CT and MR images (arrowheads). (c) A plain CT image shows obliteration of fat in the left pterygopalatine fossa (arrow). (d) A
contrast-enhanced CT image shows inhomogeneous enhancement in the left pterygopalatine fossa (arrow). (e) A reformatted CT image with bone
algorithm shows widening of the left pterygopalatine fossa (arrow). (f) A T1 weighted MR image shows intermediate signal intensity the same as
that of adjacent muscle in the left pterygopalatine fossa (arrow). (g) A T2 weighted MR image with the fat suppression (FS) technique shows
higher signal intensity than that of adjacent muscle in the left pterygopalatine fossa (arrow). (h,i) A contrast-enhanced T1 weighted MR image
with the FS technique shows inhomogeneous enhancement of the left pterygopalatine fossa (arrows)
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Obliteration of fat planes at the foraminal opening is a
common indicator of PNS.6,13,14 Fat is normally seen in
the pterygopalatine fossa and mandibular canal, so loss
of this fat should lead the radiologist to suspect
PNS.13,14

MR images were found to have a higher sensitivity and
specificity than CT in detecting PNS with ACC of the
parotid gland, paranasal sinuses and nasopharynx.4 The
results of this study also suggested that MR was slightly
superior to CT in the detection of PNS of ACC in the oral
and maxillofacial regions. In two of our cases (cases 7 and
8), PNS was not detected on CT images although it was
detected on MR images. In particular, in case 7, PNS
within the pterygopalatine fossa was only detected on T1

weighted CEMRI with the FS technique. In previous
reports, T1 weighted CEMRI showed enhancement of

the tumour infiltrating the nerve, which could not be
imaged with CT.8,17 Moreover, enhancement of the
tumour infiltrating the nerve was best observed on T1

weighted MR images with the FS technique because the
enhancing nerve might be obscured by adjacent high-
signal-intensity fat or a chemical shift artefact on routine
T1 weighted MR images without the FS technique.7,8

Enhancement of the tumour infiltrating the nerve may
depend on extensive destruction of the barrier func-
tions of the intraneural microvascular circulation and
the perineurium.18 In this study, gadolinium T1 weighted
CEMRI with the FS technique were recommen-
ded for the detection of PNS of ACC in the oral and
maxillofacial regions.

Mukherji et al19 evaluated the accuracy of CT in
determining PNS in oral cavity and tongue base
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Figure 3 Adenoid cystic carcinoma of the left palate in a 37-year-old female (Case 7). (a,b) An ill-defined margin tumour in the left palate can be
detected on CT and MR images (arrowheads). (c) A plain CT image does not show elevation of CT value in the left pterygopalatine fossa (arrow).
(d) A contrast-enhanced CT image does not show contrast enhancement in the left pterygopalatine fossa (arrow). (e) A plain CT image with bone
window does not show widening of the left pterygopalatine fossa (arrow). (f,g) T1 weighted and T2 weighted MR images with the fat suppression
(FS) technique do not show abnormal signal intensity in the left pterygopalatine fossa (arrows). (h) However, a contrast-emhanced T1 weighted
MR image with the FS technique shows abnormal enhancement of the left pterygopalatine fossa (arrow)
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malignant tumours and reported the sensitivity and
specificity as 88% and 83%, respectively. In contrast,
there was low sensitivity (55%) in the present study.

Hanna et al4 reported that the sensitivity and specifi-
city of MRI in detecting PNS of ACC in the skull
base were 100% and 85%, respectively. Nemzek et al18
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Figure 4 Adenoid cystic carcinoma of the left retromolar in a 72-year-old female (Case 8). (a,b) An ill-defined margin tumour in the left
retromolar can be detected on CT and MR images (arrowheads). (c) A plain CT image does not show elevation of CT value in the left mandibular
foramen (arrow). (d) A contrast-enhanced CT image does not show inhomogeneous enhancement in the left mandibular foramen (arrow). (e) A
reformatted CT image with bone algorithm does not show widening of the left mandibular foramen (arrow). (f) A T1 weighted MR image shows
intermediate signal intensity the same as that of adjacent muscle in the left mandibular foramen and the left mandibular canal (arrow). (g) A T2

weighted MR image with the fat suppression (FS) technique shows higher signal intensity than that of adjacent muscle in the left mandibular
foramen and the left mandibular canal and widening of the left mandibular foramen (arrow). (h,i) Contrast-enhanced T1 weighted MR images
with the FS technique show contrast enhancement of the left mandibular foramen and the left mandibular canal and widening of the left
mandibular foramen (arrows)

Table 3 Comparison of the perineural spread (PNS) in the
histopathological diagnosis with PNS on CT

PNS on CT

(+) (2) Total

PNS in the
histopathological
diagnosis

(+) 6 5 11
(2) 0 2 2

Total 6 7 13

(+), positive findings of PNS; (2), negative findings of PNS; PNS,
perineural spread; Sensitivity 55%, specificity 100%, accuracy 62%.
p 5 0.26 (Fisher’s exact probability test).

Table 4 Comparison of the perineural spread (PNS) in the
histopathological diagnosis with PNS on MRI

PNS on MRI

(+) (2) Total

PNS in the
histopathological
diagnosis

(+) 8 3 11
(2) 0 2 2

Total 8 5 13

(+), positive findings of PNS; (2), negative findings of PNS; PNS,
perineural spread; Sensitivity: 73%, specificity: 100%, accuracy: 77%.
p 5 0.12 (Fisher’s exact probability test).
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concluded that the sensitivity of MR images for the
detection of PNS of head and neck tumours was 95%;
however, the sensitivity for mapping the entire extent of
PNS fell to 63%. Eisen et al10 evaluated the accuracy of
MRI in determining PNS in skull base tumours and
reported 50% specificity and 59% overall accuracy.
In this study, the sensitivity of MR images for the
detection of PNS was 73%. The results of these studies
suggested that micro-PNS could not be identified on
CT or MR images, even if PNS was histopathologically
proven.

All five palate cases demonstrated PNS on MR
images. Carcinomas of hard- or soft-palate origin are
known to spread perineurally along the palatine bran-
ches of the maxillary nerve.20 An abnormal attenuation
within the pterygopalatine fossa on soft-tissue CT
windows or abnormal enhancement on T1 weighted
CEMRI with the FS technique is strong evidence of
PNS.7,8,11,13,21 It was considered that upper invasion of
a palatal malignant tumour was easily demonstrated
because of contiguity to the palatal bone and its thin
thickness, so PNS occurred more often than in other
head and neck regions.

Catalano et al6 reported that 30% to 45% of cases
with PNS were initially asymptomatic. When para-
esthesia was recognized, clinical evidence of PNS was
often non-specific and might include hypoesthesia,
burning or stinging pain, trigeminal neuralgia, facial
palsy or intracranial symptoms.5,6,8 In this study, only 4
of 11 cases (36%) for which PNS was histopathologi-
cally proven showed paraesthesia clinically.

In case 9, PNS was not detected on CT and MR
images in spite of the clinical demonstration of

paraesthesia. This result suggested that PNS cannot
be completely identified on CT or MR images, even if
paresthesia is clinically demonstrated.

Our study had several potential limitations. First,
this study consisted of only 13 cases. The power
analysis (p , 0.05 and power of 0.8) suggested that
39 cases on CT examinations and 20 cases on MRI
examinations would be needed for significant correla-
tions between the presence of PNS by the histopatho-
logical diagnosis and the detection of PNS on CT or
MR images. Further studies are needed to give clear
recommendations. Second, several different contrast
mediums were intravenously administered to each pa-
tient in CT or MRI examinations. The compositions of
these contrast mediums were different so the effects of
contrast enhancement might vary slightly among them.
However, the apparent differences among the contrast
mediums were not shown in this study.

In conclusion, CT and MR images were found to be
equally useful for the detection of PNS of ACC in the
oral and maxillofacial regions. Although the accuracy
of PNS on MR images was slightly superior to that on
CT images, there were no statistically significant
differences between the detection of PNS on CT images
and on MR images. Further studies are needed to give
clear recommendations.
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