Eur. Radiol. (2001) 11: 1807-1817
DOI 10.1007/s003300000728

HEAD AND NECK

A.Nomayr
M. Lell
R.Sweeney
W.Bautz
P.Lukas

Received: 9 May 2000

Revised: 19 September 2000
Accepted: 20 September 2000
Published online: 18 January 2001
© Springer-Verlag 2001

A.Nomayr (D«J) - M. Lell - W. Bautz
Department of Diagnostic Radiology,
Friedrich Alexander University,
Maximiliansplatz 1,

91054 Erlangen-Niirnberg, Germany
E-mail: Anton.Noemayr@IDR.imed.
uni-erlangen.de

Phone: +49-9131-853 6066

Fax: +49-9131-8536068

R.Sweeney - P. Lukas

Department of Radiation Therapy,
Leopold Franzens University,

1090 Innsbruck, Austria

MRI appearance of radiation-induced
changes of normal cervical tissues

Abstract Irradiation causes specific
MRI changes in anatomic morphol-
ogy and signal intensity. To avoid
misinterpretation, it is important to
consider the potential radiation
changes of normal tissue in MRI.
The aim of this study was to describe
the detected radiation effects on
normal cervical tissues in MRI. Pre-
treatment and posttreatment MRI
of 52 patients with primary neck tu-
mors were evaluated retrospective-
ly. The MR imaging was performed
before initiating radiotherapy and at
the end of the treatment period. Pa-
tients underwent follow-up studies
within 24 months after the end of ir-
radiation. Edema was the main ra-
diation-induced effect. It was de-
tected in the epiglottis, larynx, phar-
ynx wall, retro- and parapharyngeal
space, salivary glands, muscles, and

subcutaneous tissue. In some cases
the bone marrow of the mandible
showed edema, due to osteonecro-
sis. We additionally detected fluid
accumulation in the mastoid cells.
Radiation caused volume reduction
of the parotid gland, thickening of
the pharynx wall, and fatty degener-
ation of bone marrow. Magnetic
resonance imaging is an excellent
method of depicting radiation-in-
duced changes of normal tissue. Es-
pecially T2-weighted sequences al-
low the detection of even slight ede-
ma. It is important to be aware of
the most common radiation-induced
changes in MRI and to take them
into account when assessing an ex-
amination.

Keywords MR - Radiation effects -
Edema - Neck - Cervical tissues

Introduction

Irradiated tissue undergoes various changes. For exam-
ple, patients complain about dysphagia and pain be-
cause of mucosal edema after irradiation in the neck
region [1]. But without technical imaging, only a small
part of all changes, such as erythema of the skin or
oropharyngeal mucosa, are visible. Changes of tissue
inside the body are only partly accessible to technical
examinations, and, due to poor soft tissue contrast, de-
tection of radiation injuries with most X-ray techniques,
even CT, can be difficult. Magnetic resonance imaging is
becoming increasingly important as a follow-up exami-
nation for previously irradiated tumors.

The main advantage of MRI is its excellent soft tissue
contrast and the possibility of multiplanar imaging. Ir-
radiation causes well-known defects in tissue which

show characteristic changes in MRI. Mucosal edema
causes a high signal on T2-weighted SE images and low
signal in T1-weighted sequences. Radiation-induced re-
placement of bone marrow by fat results in hyperintense
T1 signal intensity.

Another reason for using MRI is the excellent visual-
ization of tissue with active and fast cell proliferation, such
asmalignant tumors. This tissue often shows hyperintense
signal in T2 and hypointense signal intensity on T1-
weighted sequences. It is difficult to distinguish between
early postirradiation effects and tumors, because both
may show similar signal intensity and contrast enhance-
ment afteri. v. gadolinium-DTPA. When assessingan MR
examination after radiation therapy, it is important to
know the potential radiation effects on normal tissue.

The focus of this article is to describe the effects of
irradiation on normal cervical tissues in MRI.
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Materials and methods

Patients

Pretreatment and posttreatment MRI of 52 patients (5 women
and 47 men; age range 40-84 years, average age 58 years) with
primary neck tumors were retrospectively evaluated. Tumors
were located in the oro- and hypopharynx, the larynx, and the
tongue/floor of the mouth. The tumor stages and locations are
listed in Table 1.

All patients received two or three cycles of 6-MeV photon ir-
radiation (first and second cycle 30 Gy, third cycle 10 Gy; total
dose 60-70 Gy) and chemotherapy [10 mg/m? Mitomycine C i.v.
and 1000 mg/m? 5-Fluorouracil (5-FU) i.v.]. Irradiation was ad-
ministered via two lateral neck fields, a supraclavicular field and a
“boost” field on the tumor (third cycle 10 Gy). The dose was frac-
tionated into 2 Gy per day (5 days/week). After a dose of 30 Gy,
the dorsal part of the lateral neck field was irradiated with an
electron beam (12 MeV).

Magnetic resonance imaging was performed with a 1.5-T
whole-body unit (Gyroscan S 15, Philips, Eindhoven, The Nether-
lands) from July 1990 to October 1995. The examination protocol
covered T1-weighted (TR 500 ms/TE 20 ms) and T2-weighted (TR
2200-3500 ms/TE 100 ms) conventional spin-echo (SE) sequences,
inversion recovery (IR) sequences (TR 1400 ms/TE 30 ms/TI
120 ms) and T1-weighted SE images after gadolinium-DTPA i.v.
(0.1 mmol/kg).

Slice thickness was 6 mm with an interslice gap of 10%. The
field of view (FOV) was 250 mm with a matrix size of 256 x 256. A
head-neck coil was used to improve spatial resolution. Images
were obtained from the base of the skull to the level of the sterno-
clavicular joint in axial and sagittal or coronal planes.

The MR examinations were performed before initiating thera-
py and then within 2 weeks of the end of each irradiation cy-
cle (after a dose of 30, 60, and 70 Gy). Posttreatment examina-
tions were performed within 6-24 weeks, 6-12 months, and
12-24 months after irradiation. These posttreatment examinations
were compared with the MRI studies following the second (60 Gy)
or third irradiation cycle (70 Gy), but not all patients were exam-
ined in these time intervals and not all anatomic regions were ir-
radiated with the same dose due to different field borders, and of-
ten not all anatomic regions were included in the scan (retrospec-
tive evaluation). Therefore, evaluating different anatomic struc-
tures at different times resulted in differing patient numbers. To
avoid misinterpreting surgery-induced effects with those caused by
radiation, examinations performed on patients who had received
surgery (n = 16) were not included in the assessment.

In evaluating the MRI studies, images of 1 patient were com-
pared with examinations of the same patient at different times,
considering changes in signal intensity and anatomic morphology.
The evaluation was done retrospectively by three readers in con-
sensus (A.N., M.L., PL.).

All measurements were done retrospectively by one reader
(A.N)).

Parotid gland

In 25 cases the volume of the parotid gland was measured before
and after irradiation. The volume was determined by measuring
the gland surface of each slice (computer assisted). To evaluate the
approximate gland volume, the summation of the gland surfaces of
all slices was multiplied by the summation of slice thickness and
slice gap. The volume was compared with the follow-up examina-
tions of the same patient. The gland volume before starting irradi-

Table 1 Fifty-two patients with squamous cell carcinomas of the
neck. Tumor locations and tumor stages according to the TNM
classification [32]. M-staging was excluded. G histopathological
tumor grading (G1-G3)

Oropharynx Tongue/floor ~ Hypopharynx  Larynx

of the mouth
T3, N0, G3 T3,N1, G2 T4,N2,G2x7 T2,N2,G2
T3,N2, G2 T4, N0, G2 T4, N2, Gx T3,N0, G3
T3,N2,G3 T4,N1, G1 T4,N2,G3x7 T4,N2,G3 %3
T3,N3,G3 T4,N1,G2x3 T4,N3,G3 x5
T4, N0, G3 T4,N2,G2 x 6
T4,N1, G2
T4,N2,G2 x9

ation was set to 100 % . Measurement error was 5.6 % (evaluated
by 30 measurements of one gland).

Pharynx wall/retropharyngeal space

In 20 cases the anterior—posterior thickness of pharyngeal wall and
retropharyngeal space at the level of the tip of the epiglottis was
measured with calipers. Due to irradiation, it was often not possi-
ble to distinguish between pharynx wall and retropharyngeal
space, so they were measured together. The measurement error
was 4% (evaluated by 30 measurements of the diameter of one
pharynx wall/retropharyngeal space).

Results

Reactive changes occurred in the epiglottis, larynx,
pharynx wall, retro- and parapharyngeal space, salivary
glands, muscles, mastoid cells, subcutaneous tissue and
bone marrow. Intensity of these effects depended on
administered dose and time elapsed after irradiation.
In general, the epiglottis was thickened (hyperin-
tense signal intensity on T2-weighted SE MR images).
This was due to accumulation of fluid in the tissue
(edema; Figs. 1, 2; Table 2). Edema was visible in 85 %
of all cases (70 Gy). In follow-up MR studies, edema
decreased (Table 2). Radiation therapy (70 Gy) caused
thickening and hyperintense signal intensity on T2-
weighted sequences (edema) of larynx mucosa (80%;
Fig. 2; Table 2). In follow-up studies a decrease in signal
intensity (T2-weighted image) and thickening of the
mucosa was visible (Table 2). Edema of subcutaneous
tissue occurred in 94 % of patients treated with 70 Gy
(Figs. 1, 2; Table 2). Physical examination showed
thickening of subcutaneous tissue (especially in the
submandibular area). Six to 24 weeks after the end of
irradiation, signal intensity (T2-weighted sequence) was
stronger than that of the post-70 Gy MRI (Table 2).
Irradiation caused a signal elevation on T2-weighted
images and a hypointense signal intensity on T1-
weighted sequences (edema; Fig. 1, 3, 2, 10) in pharynx
wall and retropharyngeal space. Contrast-enhanced T1-
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Fig.1a,b T2-weighted spin-
echo (SE) MRI (TR 3500 ms,
TE 100 ms) a before and b after
irradiation (70 Gy; squamous
cell carcinoma of the tongue;
T4, N1, G2). After irradiation:
Epiglottis edema, edema of
pharynx wall and retro-/para-
pharyngeal space, subcutane-
ous edema. Thickening of epi-
glottis, pharynx wall, and retro-
pharyngeal space

weighted images (gadolinium-DTPA i.v.) exhibited en-
hancement and thickening of pharynx wall and retro-
pharyngeal space (Fig.3) in 93% of all cases (Fig. 2;
Table 2).

After therapy, these effects decreased slowly (Ta-
ble 2). Radiation-induced edema of the anterior larynx
muscles (Fig. 4) was detected in 2 patients following ir-
radiation (70 Gy). No further MRI studies were per-
formed. In all cases, the caudal mastoid cells were with-
in the lateral fields (60 Gy). No “boost” (third cycle)
was applied on the mastoid cells. In 47 % of the cases,

Table 2 Number of patients (x) with radiation-induced changes in
relation to all patients (n) irradiated in the particular anatomic re-
gion (x of n). Increase/decrease/constant: evaluation of the radia-

mastoid cells showed a signal elevation on T2-weighted
images post irradiation (70 Gy; Figs. 5, 2; Table 2),
without enhancement after GAd-DTPA i.v. (T1-weighted
sequence), due to accumulation of fluid in the mastoid
cells. Additional irradiation (30 Gy) in the neck region,
not including the mastoid, caused increased signal in-
tensity (T2-weighted sequence) in 3 of 6 patients. Six
months after the end of therapy, signal intensity de-
creased in all cases (Table 2).

Parotid and submandibular glands were irradiated
with a dose of 60-70 Gy. In 22% (parotid gland) and

tion-induced effect compared with the initial posttherapy MR ex-
amination (70 Gy)

Dose and time after irradiation

6-24 weeks after
irradiation (70 Gy)

6-12 months after

irradiation (70 Gy)

> 1 year after

irradiation (70 Gy)

Change 30 Gy 60 Gy 70 Gy
Epiglottis edema 10 of 21 6 of 12 110f13
Larynx edema 7 of 21 8of 14 8 0of 10
Edema of pharynx wall,

retro- and parapharyngeal

space 140f24 130f14 130f14
Parotid gland edema 3of 24 20of 14 20of9
Submandibular gland

edema 3of24 4of14 4 0f 13
Fluid in mastoid cells 30f25 20of 15 7 of 15
Fatty degeneration

of bone marrow 220f35 350f35 350f35
Subcutaneous edema 11 of 29 12 of 16 17 of 18

7 of 7 (constant)
4 of 5 (constant)

11 of 11 (constant)
1 of 5 (decrease)

2 of 8 (decrease)
3 of 11 (decrease)

22 of 22 (increase)
11 of 11 (increase)

1 of 3 (constant)
4 of 6 (constant)

5 of 6 (decrease)
0of5

0of 3

8 of 8 (constant)
3 of 3 (constant)

1 of 4 (decrease)
4 of 6 (decrease)

5 of 6 (decrease)
0of5

7 of 7 (constant)
5 of 6 (decrease)
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Fig.2 Radiation-induced changes in the neck region. Number of
patients (% ) with radiation-induced changes in relation to irradia-
tion dose

31% (submandibular gland) hyperintense signal inten-
sity (edema) was visible after irradiation on T2-weight-
ed images (Fig. 2; Table 2). Parotid gland volume de-
creased after irradiation (Figs. 6, 7, 8). After therapy,
the signal intensity (T2-weighted sequence) declined

Fig.3 a T2-weighted SE (TR
3500 ms, TE 100 ms) and b T1-
weighted SE (gadolinium-
DTPA i.v., TR 500 ms, TE

20 ms) MRI 2 months after ir-
radiation (70 Gy; squamous cell
carcinoma of the tongue; T4,
N2 G2). Thickening of epiglot-
tis, pharynx wall, and retropha-
ryngeal space with contrast en-
hancement
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while the reduction in volume persisted (Fig. 8). Com-
pared with posttherapy MR examinations (70 Gy), later
follow-up studies did not show further significant vol-
ume reduction (Fig.8). The vertebral bodies (neck)
were irradiated with a total dose of 30-35 Gy. The most
common effect of irradiation on vertebral bone marrow
was a signal elevation on T1-weighted images (accom-
panied by an intermediate signal intensity on T2-
weighted images), due to fatty degeneration of bone
marrow (Fig. 2). After the first cycle (30 Gy), 63 % of all
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Fig.4 T2-weighted SE MRI (TR 3500 ms, TE 100 ms) 6 months
after irradiation (70 Gy) and 5 months after additional irradiation
(30 Gy) (squamous cell carcinoma of the hypopharynx; T4, N2,
G3). Edema of the ventral neck muscles with hyperintense signal
intensity

patients showed this effect. After 60 Gy, this was visible
in all cases (Table2). Follow-up MR examinations
6-24 weeks after therapy showed an increased signal
intensity on T1-weighted images compared with the
posttherapy MRI (Table 2). Replenishment of blood-
building marrow with decreasing signal intensity (T1-
weighted sequence) was not visible following therapy.
The mandibles were within the lateral fields and re-
ceived 60 Gy. In 11 cases the “boost” (additional 10 Gy
on the tumor) included different parts of the mandible.
As a result of fluid accumulation in bone marrow (ede-
ma), parts of the mandibles showed hyperintense signal
intensity (T2-weighted sequence) accompanied by hy-
pointense signal on T1-weighted images in 5 cases
(Fig. 9). This effect occurred 11-43 months after irradi-
ation (60 Gy). No follow-up studies were performed.
Signal intensity (T1-weighted images) of mandible bone
marrow preceding irradiation was hyperintense (fat) in
all other cases.

Residual/recurrent tumor

A localized, expansive mass with intermediate signal
intensity on T1, marked enhancement on T1 after the
application of Gd-DTPA, and hyperintensity on T2 was
suspicious for a residual or recurrent tumor.

Regarding MRI examinations subsequent (0-2
weeks) to the end of therapy (60/70 Gy), in 17 of 35 cases
a residual mass was still visible in the tumor region with
contrast enhancement (T1) after Gd-DTPA i.v. and hy-
perintense signal on T2-weighted sequences. Histologi-

Fig.5 T2-weighted SE MRI (TR 3500 ms, TE 100 ms) 5 weeks af-
ter irradiation (70 Gy; squamous cell carcinoma of the hypophar-
ynx; T4, N2, G2). Fluid accumulation in the mastoid cells with hy-
perintense signal intensity

cal examinations were performed in all of these cases. In
9 patients inflammatory reaction was found. Magnetic
resonance imaging could not differentiate between re-
sidual tumor and irradiation-induced inflammatory re-
action of the tumor region, due to equal signal charac-
teristics (hyperintense signal on the T2-weighted se-
quence and contrast enhancement on T1-weighted im-
ages after GAd-DTPA i.v.). Two patients showed progres-
sive tumor size after 60 Gy, which was interpreted as tu-
mor non-response (histologically proven).

The posttreatment MRI examinations (6 weeks to
2 years after therapy) were compared with the examina-
tions done within 0-2 weeks after the end of therapy (60/
70 Gy). Twenty-two patients had a posttreatment MRI
examination 6-24 weeks after the end of the therapy.
Seven patients (7 of 22) showed a residual mass, with hy-
perintense signal on the T2-weighted sequence and con-
trast enhancement (T1) after Gd-DTPA i.v. Malignant
tumor cells were found in two 2 cases. In 5 cases the his-
tological examination found inflammatory reaction.
Magnetic resonance imaging could not differentiate be-
tween malignant tumor and inflammatory reaction.

Eight patients received a posttreatment MRI exami-
nation 6-12 months after therapy: 4 of 8 patients had a
residual mass in the former tumor region. In 2 cases the
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Fig.6 a T1-weighted SE MRI
(TR 500 ms, TE 20 ms) a before
and b 2 years after irradiation
(70 Gy; squamous cell carcino-
ma of the tongue root; T4, N2,
G2). Volume reduction of the
parotid glands (~50%)

Fig.7 Radiation-induced mean
volume reduction (%) of the
parotid gland (volume before

Parotid gland - volume reduction after irradiation

therapy = 100 %, + one stan- 120 -

dard deviation). n number of

cases where gland volume was 74% 71% 66 % 67 % 60% 58%

measured 100 =— :
$="11.1 s = 10,4 s=108 s=101 s =48 s =453

Rest velume (mean) after
irradiation (%)

30 Gy

space-occupying tissue showed reduced signal on the
T2-weighted sequence with low contrast enhancement
(T1) after Gd-DTPA i.v. The histological examination
found fibrosis. The remaining 2 patients showed a re-
sidual mass with hyperintense signal intensity on T2-
weighted sequences and significant contrast enhance-

60 Gy
dose

@ right parotid gland O left parotid gland'

ment (T1) after Gd DTPA i.v. The histological exami-
nation revealed malignant tumor cells in 1 case and a
hypervascular scar with inflammatory reaction in the
other case.

Seven patients underwent MRI within 12-24 months
after therapy. Four patients still showed space-occupy-
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Fig.8 Radiation-induced mean
volume reduction (%) of the
parotid gland (volume before
therapy = 100 %, + one stan-
dard deviation). n number of
cases where gland volume was
measured

Fig.9 a T1-weighted spin-echo
(TR 500 ms, TE 20 ms) and

b T2-weighted SE MRI (TR
3500 ms, TE 100 ms) 11 months
after irradiation (70 Gy; squa-
mous cell carcinoma of the
(left) oropharynx; T3, N2, G3).
Bone marrow edema of the
(right) mandible (osteonecro-
sis, histologically proven) with
hypointense signal in a and ele-
vated signal intensity in b

Rest volume (mean) after

irradiation (%)

Parotid gland - volume reduction after irradiation

120

58% 58 % 57 % 54 % 48 % 50 %
1 s=110 s=112 s=33  s=91 s=84 s=46

oo
[aw }

o
L ]

-9
L }
I

R |

6-24 weeks after 70 Gy 6-12 months after 70 Gy = 1 year after 70 Gy
time after irradiation

O right parotid gland O left parotid gland

ing tissue in the former tumor region. In 3 cases this tis-  (6-12 months after the end of therapy). One patient had
sue was hypointense on T2-weighted images without a localized, expansive mass which showed hyperintense
significant contrast enhancement (T1) after Gd-DTPA signal on the T2-weighted sequence and contrast en-
i.v. These signal characteristics were interpreted as hancement after Gd-DTPA i.v., which was interpreted
fibrosis. In two of these cases, however, fibrosis had as recurrent tumor (histologically proven).

been found on previous histological examinations
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Discussion

The first visible effect of radiation on normal tissue was
edema, presenting as hyperintense signal intensity on
T2-weighted sequences and hypointense signal intensity
on T1-weighted images. Contrast-enhanced MR studies
(gadolinium-DTPA i.v.) showed an elevated signal in-
tensity in the areas of edema (excluding the mastoid
cells). Calcaterra et al. [2] and Manara and Mira [3] de-
scribed the histopathological findings of this interstitial
edema in an irradiated larynx. The reason for this effect
is early damage of blood and lymph vessel endothelium
with increasing permeability to fluid. After irradiation,
beginning fibrosis of connective tissue and small vessels
is seen, leading to reduced lymph transport with con-
stant interstitial fluid accumulation (= edema). This ef-
fect may decrease over time, due to revascularization

[3].

Epiglottis

In 85% of all cases in this study, epiglottic edema oc-
curred following irradiation (70 Gy). This effect was
dose dependent (Fig.2). The examinations performed
within 6-12 months after therapy showed decreasing
edema. That is in accordance with the histopathological
findings of Manara and Mira [3]. Using CT and a com-
parable dose Mukherji et al. [4] reported thickening of
the epiglottis which they interpreted as edema following
irradiation in 63 % of all cases. The possible explanation
for the difference (63 vs 85%) may be the better soft
tissue contrast in MRI, allowing edema to be detected
before thickening of the epiglottis is visible. Another
reason may be that all patients in our study underwent
chemotherapy.

Larynx

Laryngeal edema is caused by damage to small blood
and lymph vessels in the mucosa and the perichondral
tissue [2]. Since chondral tissue is relatively resistant to
radiation, changes are rarely visible [2]. The incidence
of laryngeal edema depended on dose. Using CT, Mu-
kherji et al. [4] found radiation-induced thickening of
vocal cords and laryngeal mucosa which is comparable
to our results.

Retro-/parapharyngeal space

Following a dose of 60-70 Gy, edema of pharyngeal wall
and the retro-/parapharyngeal space occurred in most
cases (Fig. 1, 3, 2, 10; Table 2). This effect was dose de-
pendent (Fig. 2, 10; Table 2). The pharynx wall consists

of mucosa and muscularis. The retro- and parapharyn-
geal space is located cranially from the thyroid cartilage
between the longus colli muscle and the pharynx wall.
Mukherji et al. [4] found a thickening of pharynx wall
and retropharyngeal space on CT. We also observed a
dose dependent thickening of these structures (tissue
edema; Fig. 2). This effect began to diminish 12 months
after completion of therapy.

Subcutaneous tissue

Subcutaneous edema following irradiation was very
common and dose dependent. Examinations performed
6-24 weeks after therapy showed increasing T2 signal
intensity in 50 % of all cases Table 2. This could be a
delayed effect, due to damaged small lymph vessels [3].
Our follow-up MR studies showed decreasing edema.
Mukherji et al. [4] found thickening of the subcutaneous
tissue on CT (= edema) in 63 % of all cases. In the cur-
rent study, edema occurred more often. This might
again be due to better tissue contrast and fluid detection
using MRI. Another reason might be chemotherapy in
our study.

Muscles

Muscle edema was rarely observed following irradiation
in the neck region (2 cases). In electron microscopy
studies on rabbit tissue, Khan [7] found muscle edema
12 h after irradiation. Sovic et al. [9] reported edema of
pelvic muscles in MRI following irradiation.

Whereas fibrosis or fatty muscle degeneration were
not detectable in this study, Manara and Mira [3] did
detect muscle fibrosis and fatty degeneration in histo-
pathological examinations.

Mastoid cells

The tympanum is connected with the nasopharynx by
the eustachian tube and normal mastoid cells are pneu-
matized and lined with mucosa. Hyperintense T2 signal
in mastoid cells occurred in 12 % after irradiation with a
dose of 30 or 60 Gy (mastoid cells included in the radi-
ation field, posttherapy MRI). Additional “boost” ther-
apy (third cycle 10 Gy) on the tumor (mastoid cells were
not included in the “boost” field) led to increasing signal
intensity of mastoid cells on T2-weighted images. Three
of the six patients who underwent additional irradiation
(30 Gy) of the neck, not including the mastoid cells,
showed a further increase of signal intensity on T2-
weighted images (elevated signal intensity on T2-
weighted sequences was already visible after irradiation
with 70 Gy), although mastoid cells were not included in
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Fig.10 Radiation-induced
thickening of pharynx wall and

Diameter of pharynx wall and re tropharyngeal space
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this new field. Since the mastoid cells did not enhance
after i.v. GA-DTPA, this effect could be a result of fluid
accumulation. Irradiation of mastoid cell mucosa might
not be the only reason for this effect. Irradiation of neck
tissue causes damage to lymph vessels and might reduce
the function of the eustachian tube with resulting fluid
accumulation in the mastoid cells. Maier et al. [10] re-
ported reduced tube function with less aeration of the
middle ear following irradiation, attributing this to
damaged lymph vessels with decreased lymph flow.
Fluid accumulation in mastoid cells may be related to
reduced tube function, decreased lymph flow, and irra-
diation of mastoid cell mucosa. Ohashi et al. [11] also
found reduced tube function after irradiation. Six to
24 weeks after irradiation, we found decreasing signal
intensity in T2-weighted images. Maier et al. [10] found
tube function to improve 6 months after the end of ir-
radiation.

Salivary glands

All patients showed volume reduction of the parotid
gland. Stephens et al. [12] reported reduced gland pa-
renchyma attributable to the loss of serous cells. This
effect was more pronounced in the parotid gland than in
the submandibular gland, possibly due to the higher
number of serous cells of the parotid gland [12, 13, 14,
15]. In addition, Vissink et al. [16] found a higher radia-
tion sensitivity of the parotid gland compared with the
submandibular gland. In our study parotid gland volume
was reduced by an average of 26 % following 30 Gy.
After 70 Gy, volume was reduced by approximately
40%. Nagler et al. [15] found dose-dependent weight

reduction of salivary glands. In our study no restitution
of parotid gland volume was detected in the follow-up
studies after irradiation with 60-70 Gy. Franzen et al.
[17] reported a recovery of salivary gland function after
doses under 52 Gy. After 64 Gy and more, no restitution
was detected. After irradiation with 70 Gy, salivary
gland edema, corresponding to sialadenitis, was detect-
ed in 2 of 9 cases (parotid gland) and in 4 of 13 cases
(submandibular gland).

Bone marrow

Bone marrow edema of the mandible might be due to
osteonecrosis. In our study, bone marrow edema of the
mandible occurred in 5 cases, representing osteonecro-
sis (histologically proven). Knospe et al. [19] and Aita-
salo [20] found destruction of hematopoetic marrow,
osteoclasts, osteoblasts, and an obliterative endangitis
of small vessels with an increase of interstitial fluid.
Frequently, infection of the parodontium is one cause
[21, 22]. Scherer and Sack stated that radiation induced
reduced blood supply of the mandible causes immuno-
deficiency [8], making it susceptible to infection. We
observed 5 cases of osteonecrosis (histologically prov-
en) of the mandible with elevated signal intensity on a
T2-weighted sequence, representing edema. Schratter-
Sehn et al. [23] detected osteonecrosis of the mandible
in 5-8% (60 Gy). Bachmann and Réssler [24] found
osteonecrosis in 6 % of all cases within a variable time
interval (3 months to 4 years) after irradiation. This ef-
fect occurred less often after 40 than after 60 Gy [24].
After irradiation with 60 Gy, fatty degeneration of ver-
tebral bone marrow was reported in all cases (in our
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study, total dose on vertebral bodies was 30-35 Gy).
Compared with the posttreatment MRI, the follow-up
MR studies, performed 6 weeks to 1 year after irradia-
tion, showed increasing T1 signal intensity in 50 % of all
cases (due to increasing fatty degeneration of bone
marrow). No regeneration of bone marrow signal in-
tensity was detectable. Knospe et al. [19] and Aitasalo
[20] described radiation-induced replacement of he-
matopoetic marrow with fat. Kauczor et al. [25], Dietl
et al. [26], and Parmentier et al. [27] also reported fatty
degeneration of bone marrow after irradiation. After
doses over 30 Gy, no regeneration of bone marrow was
visible [26].

Residual/recurrent tumor

Irradiation caused edema with intensified permeability
of vessel endothel and a fibrous-inflammatory reaction
[2, 3]. These irradiation-induced effects showed tumor-
like signal intensities on MRI (hyperintense signal in-
tensity on T2/T1 after Gd-DTPA i.v.) [28, 29, 30];
therefore, it was difficult to differentiate between resid-
ual/recurrent tumor and fibrous-inflammatory reaction
on MRI, especially in examinations done within
6 months after irradiation with intensive edema of the
tumor region and the surrounding tissue. This edema
obscured the borders of the tumor, led to overestima-
tion of the tumor size, and reduced the contrast between
tumor and surrounding tissue. The detection of a small
residual/recurrent tumor could be hampered by the in-
flammatory reaction. The inflammatory edema could be
misinterpreted as malignant tumor, due to equal signal
characteristics in MRI. The intensified permeability of
altered endothels (irradiation) led to enhancement after
the application of Gd-DTPA i.v., which could not be
differentiated from tumor enhancement. Several au-
thors reported difficulties in the differentiation between

inflammatory reaction and residual tumor using MRI
[28, 29, 30]. Engelbrecht et al. found MRI to be superior
to CT in this problem [28]. In our study the posttreat-
ment MRI examinations up to 6 months after the end of
therapy did not allow a differentiation between residual
tumor and inflammatory reaction of the former tumor
region.

Later MRI examinations (6-24 months after thera-
py) improved the detection of recurrent or residual tu-
mors, due to a good contrast between tumor (hyperin-
tense signal on T2/T1 Gd-DTPA) and the surrounding
“normal” tissue. This was due to regressive inflamma-
tory edema of the surrounding tissue. The regression
could be explained by capillary and lymphatic neogen-
esis and increasing fibrous reaction with low signal on
T2- and T1-weighted sequences [3]; therefore, Sugimura
et al. recommended posttreatment MRI examinations
not earlier than 4 months after therapy, to improve the
detection of residual/recurrent tumors [31]. The differ-
entiation between residual/recurrent tumors and hyper-
vascular scars of the former tumor region is still difficult,
however. Hypervascular scars with hyperintense signal
intensity on T2-weighted images and contrast enhance-
ment after the application of Gd-DTPA 1i.v. can persist
over years and only the reduction of size in regular fol-
low-up examinations can prove the benign character of
the lesion [30].

Conclusion

To accurately interpret MRI studies of patients who
previously underwent radiation therapy due to malig-
nancy, knowledge of expected radiation-induced chan-
ges in MRI is paramount. Understanding of these alter-
ations and their evolution may prevent misinterpreting
such reactive changes as residual or recurrent tumor.
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