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Abstract

Purpose: To examine the variation in the anatomy of parotid glands discerned by magnetic resonance imaging.

Methods: Head and neck magnetic resonance scans of 16 patients (representing 32 glands) whose studies consisted of 5 mm contiguous

sections were selected at random. The T1 weighted scans were thresholded and outlined to only encompass the parotid tissue. A volumetric

analysis program (ISG Technologies, Inc.) was used to compute the parotid volume in cubic millimeters. Each of the 32 glands was measured

independently by two observers.

Results: The difference between observers averaged 4.8%. The median volume was 25 262 mm3, range 9225±54 080 mm3. In four patients

there were considerable differences in the volumes of the right and left parotid glands, with variations of 9, 10, 14 and 29%. In nine patients,

(18 glands) the depth from the medial edge of the gland to the spinal cord ranged from 19±32 mm. However, the maximum variation between

the two sides in a single patient was 4 mm. Observations made include: (1) parotid glands extending anterior to the masseter muscle, or

posterior to the posterior margin of this muscle; (2) parotid glandular tissue extending above the zygoma and the external auditory canal; (3)

parotid tissue extending posteriorly to overlap the spinal cord; (4) parotid glands extending below or remaining above the angle of the

mandible; and (5) wide variation of the transverse dimension of the parotid glands, with one measuring 4.8 cm.

Discussion: To ensure that the entire parotid is or is not in a treatment ®eld a computerized tomography or magnetic resonance scan is

necessary. If a speci®c portion of the gland must be in the ®eld a volume histiogram must be available. q 2000 Elsevier Science Ireland Ltd.

All rights reserved.
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1. Introduction

The increasing use of 3-D studies in radiation therapy

treatment planning has broadened the interest and ability

to visualize the shape and volume of internal organs and

masses. One organ constantly under consideration in the

treatment of tumors of the head and neck is the parotid

gland. If this is the primary tumor site then the entire

gland must be in the radiated ®eld. If the primary site is

elsewhere the treatment plan selected should minimize the

dose to the smallest volume of the gland without compro-

mising the tumor bearing volumes. The current authors

believed from anecdotal experience that the size and

anatomic distribution of parotid gland tissue varied greatly,

and that this could matter for treatment planning and for

physiological studies of the gland. Accordingly, a systema-

tic look at a series of parotid glands using MR techniques

was undertaken.

2. Methods

Sixteen patients who had MR scans were selected from a

group evaluated in the head and neck cancer clinic. Axial T1

weighted MR scans of each patient were reviewed to assure

that the parotid glands were fully visualized and free of any

radiographic abnormality. Volumetric analysis was

performed on the 32 parotid glands by two independent

evaluators based on tracing, thresholding, and 3-D volu-

metric processing on an ISG Technologies Allegro work-

station. The degree of inter-observer reliability was noted

for the two independent observers.

Maximum depth, height, and width of each parotid was

also measured. Variation in the size of the glands among

patients and between the two glands of each patient was

calculated. An estimated volume was calculated by multi-

plying the three maximum dimensions, and this was
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compared to the 3-D volume calculated on the ISG work-

station. A treatment planning CT scan of a separate patient

with 0.5-cm slices was used to construct a twice actual size

three dimensional model of the normal parotid gland.

3. Results

The volume calculations of the two observers were

consistent, with an average difference of only 4.8% between

the two. This indicates that the extent of the parotid is well

delineated on MR and that the volume can be reliably

measured.

Table 1 demonstrates the bilateral parotid 3-D volumes as

calculated on the ISG workstation for the sixteen cases

studied. The average difference between right and left

volumes for a given patient was only 6%. However, four

patients differed with variations of 9, 10, 14, and 29%.

Differences in each dimension were remarkable from

patient to patient. Width ranged from 26 to 66.5 mm (a

factor of 2.6); depth from 33 to 85.5 mm (a factor of 2.6);

and height from 38 to 79.5 mm (a factor of 2.1). Because of

the irregular shapes of the parotid glands the volumes calcu-

lated by the simple multiplication of the maximum dimen-

sions were, on the average, 5.4 times greater than the actual

volumes as determined by 3-D analysis. In nine patients (18

glands), the depth from the medial edge of the gland to the

spinal cord ranged from 19 to 32 mm. However, the maxi-

mum variation between the two sides in a single patient was

4 mm. The parotid gland in one patient, which measured 4.8

cm in transverse dimension, had an insigni®cant deep

portion (Fig. 1).

4. Discussion

Though the terms super®cial and deep lobes of the parotid

gland are commonly used, with the facial nerve the separa-

tor, there are no lobes in this structure. One should refer to

the super®cial portion and the deep portion of the gland.

Variability in the size of both portions of the gland has

been demonstrated in this limited study. Another striking

feature of the parotid glands studied was the exceedingly

irregular shapes.

When delivering radiation treatment to the parotid gland,

the most critical structure in the ®eld is the spinal cord. In

Fig. 2, the posterior portion of the parotid overlaps the spinal

cord in the antero-posterior dimension. This was a frequent

observation in this study. Another common observation was

that the distance from the most medial margin of the deep

portion of the gland was approximately 1.5±2 cm from the

lateral margin of the spinal cord. This distance is suf®cient

for fall off of the electron dose between the deep margin of

the tumor and the spinal cord to permit additional photon
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Table 1

Volumes of each parotid gland listed as well as the percentage difference

between the two sidesa

Case Left (mm3) Right (mm3) Percentage difference,

left, right

1 38741 37921 2

2 18579 19111 3

3 09928 09225b 7

4 44020 43715 1

5 25922 26683 3

6 39675 40810 3

7 52968 54080c 2

8 15799 16179 2

9 38507 38463 0

10 24339 25932 6

11 10039 14216 29

12 37551 43716 14

13 20304 22377 9

14 19694 21897 10

15 24691 26505 7

16 09871 09560 3

Average 26914 28149 6

a The smallest and largest glands are indicated. Compare the left to right

volumes of individual patients as well as the volumes between patients.
b Smallest.
c Largest.

Fig. 1. Note that on this magni®ed axial T1 weighted MR scan the parotid

tissue (small black arrows) extends along the Stenson's duct (curved arrow)

to the second molar region, anterior to the masseter muscle (M). The exter-

nal auditory canal is marked with a white arrow.



beam treatment to raise the dose to the medial border of the

gland to tumoricidal levels without exceeding spinal cord

tolerance. Other observations were (1) a patient with parotid

tissue present at the angle of the mandible on the right, and

below the level of the angle on the left; (2) a patient showed

parotid tissue present at the level of the auditory canal and

extending above the level of the zygomatic arch.

In order to investigate how volume is affected by the

irregularity of the parotid gland, the actual volume as

computed on the ISG workstation was compared to an esti-

mated volume based on the three gross dimensions. The

volumes calculated by the multiplication of the three dimen-

sions were 5.4 times greater than the true volumes computed

on the workstation, demonstrating the remarkable asymme-

try and irregularity of the parotid gland.

Generalizations about the anatomy of the parotid gland

must be viewed with caution. Ang et al. [1] in describing

radiation portal grouping when the parotid itself is the area

of interest designate the zygomatic arch as the superior

border of the ®eld (although they acknowledge that tumor

extension or the surgical scar may dictate treating above the

arch); the anterior border as the masseter muscle; the poster-

ior border behind the mastoid process; and the inferior

border the thyroid notch. In this limited study of only 16

patients reported here, exceptions were found to these

generalizations in ®ve individuals.

Fig. 3 is a photograph of the three dimensional model,

(2 £ actual size) constructed from serial CT scans of a

normal parotid made for treatment planning purposes. The

view is postero-medial and clearly demonstrates the irregu-

lar shape of the gland, with the deep portion of the gland

visible. Table 2 demonstrates the percent volume of each of

the 0.5-cm CT slices for this patient, starting from the

posterior margin of the gland.

5. Conclusions

To ensure that the entire parotid is in a treatment ®eld, a

CT or MR scan is necessary, given the wide variability

between patients and the irregular gland shapes demon-

strated by this study. If a speci®c proportion of the gland

must be in the ®eld, a volume histogram must be available.
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Fig. 3. Medial view of reconstructed normal parotid gland. Note deep

extension in the central-posterior region. The anterior extent is on the

right. The lateral aspect (not seen) is smooth.

Table 2

Percentage volume of each CT slice from the patient treatment planning

CT, starting from the posterior border

Slice # Percentage volume

1 4.4a

2 9.9a

3 15.9a

4 20.3a

5 19.2a

6 14.8a

7 7.5

8 4.2

9 2.6

10 1.3

a The slices which must be included to assure inclusion of 75% of the

total volume.

Fig. 2. The posterior margin of the right parotid gland (white arrow) over-

laps the anterior margin of the spinal cord (long black arrow) on this axial

T1 weighted scan.


