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INTRODUCTION

It is a well-known fact that oral health is
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ABSTRACT

Background: To evaluate structural variation of the parotid gland in post-
radiotherapy oral carcinoma patients. Material and Methods: 52 patients (33
males, 19 females) with histologically confirmed cancer of head and neck
region were enrolled. All the patients underwent intensity modulated
radiotherapy (IMRT) with linear accelerator. A quantitative analysis was
conducted with the help of contrast enhanced computed tomography (CECT)
scan regarding the changes in the volume and density of the parotid glands
(PGs) along with the assessment of their interrelationship in relation to the
mean dose applied to the glands. The evaluations were done immediately
after radiotherapy, and after 2 and 3 years. Results: Parotid size reduction
was observed in 77.77 % of cases immediately after radiotherapy with a mean
dose of 26.66 Gy applied to the parotid glands. Parotid shrinkage reduced to
61.5 % cases three years post radiotherapy. High density changes were
revealed by 69.2 % cases immediately after radiotherapy with a mean dose of
34.53 Gy applied to these parotid glands. Low density changes were revealed
by 48.1 % cases after 2 years follow up which further reduced to 25 % at three
years follow up. Conclusion: There was evidence of structural variation in the
PGs during the course of IMRT which was significantly related with the mean
dose applied to them. There were high density changes and low density
changes immediately after radiotherapy and 2-3 years post-radiotherapy
respectively. Further there was volumetric shrinkage post-radiotherapy which
shows recovery 2 and 3 years post-radiotherapy.

Keywords: Radiotherapy, oral cancer, IMRT, parotid gland density, parotid gland
size, xerostomia.

management of these oral tumours by
radiotherapy (5 ©).
However radiotherapy leads to various side

considered an important prognostic marker for
the overall health of an individual. Saliva plays
an important role in maintaining the oral health.
Majority of the salivary secretion is contributed
by the PGs. These are the largest salivary glands
and are located at the pre-auricular region (-3, It
is quite unfortunate that incidence of oral cancer
is on rise. It can be treated with surgery or
radiotherapy. The high relative radio sensitivity
of these oral tumours along with their
anatomical location leads to successful

effects, it is still considered as an important
treatment modality for maxillofacial carcinoma
patients (1-10), Persistent xerostomia is one of the
side effects due to radiation exposure
and subsequent damage to parotid and
submandibular salivary glands. It eventually
degrades the quality of life of the patient as it
hampers mastication and swallowing in long
term survivors (.7.8). This is attributed to close
proximity of these glands to the target volume of
head and neck cancers leading to different
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grades of xerostomia followed by inducing
dysphagia, dysgeusia, caries, and periodontitis &
69.10). Henceforth sparing of the salivary glands
during the radiotherapy procedure is considered
as an important research field in the treatment
of malignancies of maxillofacial region (211-13),
Literature reveals continuous research and
development in the introduction of newer
techniques involved in this procedure. IMRT is
one such advancement which has raised the
possibility of sparing the salivary glands when
compared to conventional radiotherapy
procedure (3.14),

The radiation dose as well as the volume
irradiated is the deciding factor towards the
subsequent functional change in the parotid
glands and other oral structures irradiated.[5]
Various authors have investigated the effect of
Conventional radiotherapy technique in
comparison to IMRT on the parotid sparing (16).
One of the authors described that after 1 year
follow up, symptom of dry mouth was higher in
conventional radiotherapy patients (74%) in
comparison to IMRT patients (39%) (2.

Eisbruch et al. revealed that a radiation
dosage lower than 26 Gy to the parotid gland can
spare them from any subsequent functional loss
(2.17). However even after the usage of more
advanced 3D CRT or IMRT in unilateral or
bilateral maxillofacial carcinoma, a mean
radiation dose lesser than 26 Gy to both the
parotid glands cannot be sometimes achieved in
all the irradiated patients (> 18). Radiotherapy
leads to changes in the morphology and
vascularity of the parotid glands which in turn
leads to altered functioning of the parotid gland
leading to oral dryness (18). The cells of the
salivary gland are a type of reverting post
mitotic cells which are specialized in function.
Their relative radio sensitivity is of intermediate
nature. The parenchymal component of salivary
glands especially parotid gland is radiosensitive.
Henceforth the reduction in salivary secretion is
seen within weeks after radiotherapy. Various
researchers have used CECT to assess the
morphology of head and neck structures and to
monitor the response of radiotherapy for
treatment ().

As is evident that radiotherapy is essential
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modality in several cases of oral carcinoma, the
researchers are continuously working to find out
the ways to reduce the morbidity related to
radiotherapy protocols. Apart of the fact that a
radiation dose of 50 -70 Gy is required for
majority of these malignancies (19 20 for curative
intent, IMRT is still capable of raising the
therapeutic ratio in such patients as compared
to conventional radiotherapy. Most of such
studies are conducted to evaluate the effect of
IMRT on the structural variations of parotid
gland up to the completion of radiotherapy cycle
or up to one year follow up (Lee et alin 2006)
(21) . Henceforth this present study was
conducted to evaluate the morbidity caused by
IMRT on the parotid gland during 3 years follow
up.

This present study assessed radiation
induced structural changes in the parotid glands
up to 3 years. Furthermore this study will also
evaluate that whether volumetric shrinkage of
parotid glands is permanent or transient after
subjecting the patient to parotid sparing type of
radiotherapy (IMRT).

MATERIALS AND METHODS

Patient sample

A cohort of patient suffering from carcinoma
of different sites of the oral cavity was enrolled
after taking approval from the institutional
ethical committee (Approval No. 202003-1001,
Approval committee: Linfen Central Hospital,
China). All the patients visited the department
from January 2016 to January 2019. The
‘Strengthening the Reporting of Observational
studies in Epidemiology’ (STROBE) guidelines
were followed. A total of 61 potentially eligible
patients were enrolled to participate in the
study. Out of the total 61 patients, 39 were males
while 22 were females.

All the included patients were
histopathologically confirmed cases of oral
carcinoma and were enrolled based on the
treatment either with radical radiotherapy or
pre-radiotherapy after the opinion and
consensus of oncologist. The patients were
treated with definitive intensity modulated
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Radiotherapy (IMRT) (Elekta Synergy, Sweden)
without chemotherapy for oropharyngeal
carcinoma as per the consensus of oncologists
and radiotherapists. All the enrolled patients
underwent contrast enhanced computed
tomography scan of head and neck pre and post
radiotherapy. Only those cases were included in
which one parotid gland was completely spared
during intensity modulated radiotherapy. None
of the patients received any kind of treatment of
the lesion prior to enrolment. Moreover the
patients with reduced computed tomography
(CT) number owing to increase in the adipose
tissue or any other reason were excluded.
Further the patients who presented with
artefacts in the contrast enhanced computed
tomography scan due to dental fillings/
Prosthesis which can hamper the evaluation of
PGs were also excluded.

Out of total 61 patients, 4 patients did not
gave their consent to be a part of this study, 3
patients were not willing for their treatment
with radiotherapy in our hospital. So the
remaining 54 confirmed eligible patients were
subjected to IMRT.

Radiotherapy

All the patients received 3-dimensional
Intensity modulated radiotherapy (IMRT) with
the help of a linear accelerator as it allows the
delivery of radiotherapy with more accuracy as
compared to conventional protocols. Simulation
was done and followed by contouring of the
tumour and neighbouring structures with the
help of planning software of the machine. Care
was taken to preserve the contra lateral parotid
gland and to minimize the damage in the
ipsilateral parotid gland while still allowing
sufficient radiation to tumour cells.

16 of patients were subjected to
pre-radiotherapy while 38 patients underwent
radical radiotherapy. Radiation was delivered in
small fractions according to the treatment
scheme. Approximately 2.0 Gy of radiation was
given per fraction to the tumour cells in one day.
This was followed for 5 days in a week. A total of
26-40 Gy of radiation was applied to the tumour
cells in pre-radiotherapy while a total of 50-72
Gy was applied to the tumour cells in radical
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radiotherapy protocol. The evaluation was done
before the radiation procedure, immediately
after the radiotherapy completion and 2 and 3
years later.

Out of the 54 patients, 2 patients did not
complete the radiation protocol in a timely
manner as they were infrequent with their visits.
Henceforth a total number of 52 patients were
included in this study out of which 15 patients
received pre-operative radiotherapy while 37
patients received radical radiotherapy (figure 1).

61 potentially eligible
patients recruited

4 did not gave consent to be
a part of study

3 were not ready to undergo
radiotherapy treatment

16 subjected to 38 subjected to Radical
Pre-Radiotherapy Radiotherapy

15 subjected to 37 subjected to
Pre-Radiotherapy Radical Radiotherapy

Figure 1. Flow chart for participation.

Image acquisition and Analysis

The patients were evaluated with the help of
contrast enhanced computed tomography
performed with the help of -multidetector
Computed Tomography scanner (GE Discovery
HD750, United States; tube volt-age, 120 kV;
tube current, 300 mA; and rotation time, 0.5 s)
after injecting with nonionic iodine contrast
agent (100 ml). Pre and post radiotherapy
contrast enhanced computed tomography scans
of all the patients were analysed for
density and volume changes in the parotid gland
immediately after radiotherapy and 2 and 3
years later with the help of planning software of
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the machine (figure 2). Only a single specialized
investigator assessed the scans so as to avoid
any bias. These changes were correlated with
the mean dose applied to parotid glands
calculated with the help of 3-dimensional
treatment planning system. All the parotid
glands were analysed for structural changes i.e.
density and volume changes based on Computed
Tomography data. Further analysis was also
done to evaluate the effect of age, gender and
mean dose applied to parotid glands.

Figure 2. Patient presenting with carcinoma of right
mandible with blue demarcation representing the area
affected by malignancy; pink demarcation representing the
area of radiation therapy.

Statistical Analysis

The results were statistically analysed with
the help of SPSS software version 17.0 (spss.
Chicago, IL). Descriptive statistics were used for
the characterization of dosimetric and volume
changes of parotid glands. Student T test and
Man Whitney U test were used for parametric
normally distributed and non-parametric data
respectively. A p value less than 0.05 was
considered significant. Kolmogorov-Smirnov test
was done to assess the normality of the data.
Correlations were assessed with the help of
Pearson correlation (r value) and Spermean
correlation. A p value at the level of 0.01 was
considered significant. Analysis of variance was
done with the help of Univariate tests to indicate
true difference between the studied variables
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even after removing the effect of age and gender.

RESULTS

A total of 52 patients with a mean age of
51.58 +11.58 years were evaluated in this study
out of which 23 were females and 29 were males
with a percentage of 44.2 % and 55.8%
respectively. The characteristics like mean age,
gender and division of cases on the basis of site
of lesion is highlighted in table 1. Students T-test
revels that there is no significant difference of
mean age of patients in preoperative
radiotherapy group and radical radiotherapy
group (p 0.651). Further Pearson chi square test
reveals there was no significant association seen
between gender and radiotherapy groups
(p=0.400) as well as between site of lesion and
radiotherapy groups (p=0.779) (table 1).

Table 1. Patient’s characteristics with frequency of
Carcinoma of different sites of the oral cavity.

Radiotherapy group
Parameter Pre-Op Radical Total
radiotherapy|radiotherapy

15 (28.8%) | 37 (71.2 %) |52(100%)

Total number of

patients
Age
Age range (years) 35-72 29-79 29-79
Mean age (years)[52.73  11.67|51.11 + 11.67 5111'5588*
Student T test
(Unpaired) P value 0.651
Gender
Male 7 (24.1%) | 22 (75.9%) |29(100%)
Female 8(34.8%) | 15 (65.2%) [23(100%)
Pearson Chi P value 0.400

Square test

Location of Lesion

Buccal mucosa 3 (50%) 3 (50%) 6 (100%)
Floor of mouth 3(42.9%) 4(57.1%) |7 (100%)
Mandible 2(25.0%) 6(75.0%) |8 (100%)
Maxilla 2 (28.6%) 5(71.4%) 7(100%)
Nasopharynx 0(0.0%) 1(100.0%) | 1(100%)
Retromolar | 2(28.6%) | 5(71.4%) | 7(100%)
rigone
Tongue 3(18.8%) | 13(81.3%) |16(100%)
Pearson Chi P value 0.779

Square test

Out of the total patients enrolled, 15 patients
(28.8 %) were subjected to preoperative
radiotherapy while 37 patients (71.2 %) were
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subjected to radical radiotherapy protocol. The
mean radiation dosage applied to the tumour in
these patients was 53.46 + 13.61 Gy. Student’s
t-test revealed that the mean radiation dosage
applied to the tumour in radical radiotherapy
group (61.51+4.93 Gy) was significantly higher
as compared to Preoperative group ( 33.60+4.29
Gy) (p=0.000) (table 2). The mean radiation
dose received by the parotid glands of all the
patients was 23.29+11.13 Gy with a dose range
of 2-38 Gy. Student’s t-test revealed significant
difference in the mean radiation dosage received
by the parotid gland in radical radiotherapy
group (2941 * 6.03 Gy) as compared to
preoperative group (08.20+3.85 Gy) (p=0.000).

Table 2. Mean radiation dose applied and mean Size of
parotid gland in pre-op and radical radiotherapy group.

Mean * P

Variables Std. Deviation |value

Radiotherapy| N

Dose of radiotherapy Pre op 15| 33.60 +4.290

0.000
(Gy) Radical |37| 61.51+4.931
Radiation Dose to Pre op 15| 8.20+3.858 0.000
parotid (Gy) Radical 37| 29.41+£6.030 |
Size of parotid gland Pre op 15(26.733 + 4.9117
before (r?:;g)therapy Radical  |37[27.703 + 4.2622|*-48°

Size of parotid gland Pre op 15/26.067 + 4.8118

immediately after | o o (37020.111 ¢ 4.1273%0%°
radiotherapy (cm3)

Size of parotid gland Pre op 15/26.513 + 4.8469

2 .
2year post Radical  |37|22.816 + 4.0996| """
radiotherapy (cm3)

Size of parotid gland Pre op 15(26.607 + 4.8935
3 year post 0.013

i +
radiotherapy cm3) Radical 37(23.149+4.1371

Students t-test showed no significant
difference in the mean size of parotid glands in
preoperative  radiotherapy @ and  radical
radiotherapy group (p=0.480). However, post
radiotherapy there was significant difference
seen immediately after radiotherapy; 2 years
and 3 years after radiotherapy with significant
reduction in the size of parotid gland in radical
radiotherapy group (table 2).

Parotid Size reduction was observed in
42 (77.77%) of cases immediately after
radiotherapy in total (figure 3). Profile Plot for
the trend of reduction of size of parotid gland
during the course of radiotherapy is shown in
figure 4. Shrinkage was not considered if the
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size of parotid gland did not reduced at least by
1cms3. Out of this, the shrinkage was observed in
4 cases of preoperative radiotherapy while it
was seen in 36 cases of radical radiotherapy
patients. Only one case of radical radiotherapy
did not showed any shrinkage immediately after
radiotherapy. The mean dose applied to the
parotid gland in the patients who showed
shrinkage in the gland was 26.66 Gy as
compared to 7.58 Gy applied to the glands with
no change in size.

Figure 3. CECT simulation picture representing the left and
right parotid glands before the initiation of radiotherapy in
figure-A while CECT representing reduction in the size of right
parotid gland in figure-B post radiotherapy.
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Figure 4. Profile plot highlighting trend of size of parotid
gland during the course of radiotherapy with covariates
evaluated at the radiotherapy dose of 53.46 Gy.

The density change in the parotid gland
among the radiotherapy groups is shown in
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table 3. Parotid shrinkage was observed in 32
patients (61.5 %) three years after radiotherapy
with a mean parotid dose of 31.06 Gy which was
significantly higher than parotid dose of 10.85
Gy to those 20 parotid glands who didn’t
showed any significant shrinkage. Out of the pa-
tients who showed shrinkage, 19 patients didn’t
showed any change in the density of parotid
gland three years post radiotherapy while 13
patients showed Low density changes. There
was significant association seen between
density of Parotid gland three year post
radiotherapy and Size of parotid gland three
year Post Radiotherapy (p=0.001)

36 patients (69.2%) revealed high density
changes on CECT immediately after
radiotherapy. The mean dose applied to the
parotids with high density changes was 34.53 Gy
and to the parotids with no changes in the
density was 8.09 Gy. Low density changes i.e
fatty degeneration was revealed by 25 parotid
glands (48.1%) two years post radiotherapy.
Low density changes i.e fatty degeneration was
revealed by 13 parotid glands (25.0%) three
years post radiotherapy with a mean parotid
dose of 35.15 Gy as compared to 19.13 Gy
parotid dose which revealed no changes
(table 3).

Table 3. Density variations in the parotid gland post
radiotherapy.

Radiotherapy group
Pre-operative| Radical ([Total
radiotherapy [radiotherapy

Density
variations

Density of parotid| No

gland change 5 ! 16

immediately after

radiotherapy Increased 0 36 36

Total 15 37 52

Density of Parotid| No

gland 2 years post| change 15 12 27
radiotherapy Low 0 25 25
Total 15 37 52
Density of parotid] No 15 24 39

gland 3 years Post| change
radiotherapy Low 0 13 13
Total 15 37 52

Pearson chi-Square (Asymp. Sig. 2-sided) 0.000 (for density of
Parotid gland immediately after radiotherapy * radiotherapy)

Pearson chi-Square (Asymp. Sig. 2-sided) 0.000 (for density of
Parotid gland 2 year post radiotherapy * radiotherapy)

Pearson chi-Square (Asymp. Sig. 2-sided) 0.008 (for density of
Parotid gland three year post radiotherapy * radiotherapy)
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There was significant relationship between
volume changes and mean dose applied to the
parotid glands. Spearman’s correlation reveals
negative correlation between Volume changes
immediately after radiotherapy, at 2 years and 3
years after radiotherapy with a p value of 0.01,
0.02 and 0.02 respectively.

There was significant relationship between
density variations and mean dose applied to the
parotid glands. Furthermore, those 16 patients
who revealed no density change in the parotid
gland immediately after radiotherapy also
revealed no change in the density three years
post radiotherapy too. However, out of total 36
patients with increased density of parotid gland
immediately after radiotherapy; 23 did not
revealed any change in the density of the gland 3
years post radiotherapy while the rest 13
revealed low density changes 3 years post
radiotherapy. This  highlights  significant
association between density variations and high
density changes in the parotid glands
immediately after radiotherpy (P=0.006).

DISCUSSION

There is no deny to the fact that Ionizing
radiation used in the radiotherapy protocols
cause damage to normal tissues in addition to
the desired anti-tumour effects 19, This
becomes more important in the maxillofacial
region as it is a complex area constituting
different anatomical structures present close to
each other (19. Further all these structures
respond differently to the radiation dose
applied. Salivary gland, especially parotid gland
is one of such structures which are considered at
risk during radiotherapy of head and neck
region.

In this study, a total of 52 patients were
enrolled with carcinoma of different regions of
the oral cavity (table 1). Since these oral
tumours present with ballistically complex
geometry, high severity and have different
healthy organs like salivary glands close to
them, their treatment with radiotherapy is a
challenge in terms to avoid the risk of hazardous
effects of radiotherapy to these healthy organs
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(20),

Several authors have revealed that location
and type of malignancy influences the radiation
dose needed for treatment. It is also evident that
a radiation dose of 50-70 Gy is required for
majority of these malignancies for curative
intent (19, This was in accordance with this study
conducted as the mean radiation dose applied to
the tumour in radical radiotherapy was
61.51+4.93 Gy (Range 52-70 Gy) while the mean
radiation dose applied in preoperative
radiotherapy group was 33.60 + 4.29 Gy (Range
26-40 Gy). According to Wu VWC etal. in 2019,
the dose delivered to the primary tumour was
72-76 Gy divided in 7 weeks course ).

According to Dobbs et al. in 1999 and several
other researchers, this tumour dose is given at a
rate of 2 Gy/day for five days a week. This was
followed in this study too (19). The sub lethal DNA
damage to normal tissue by the fractionated
dose tends to repair faster as compared to the
tumour tissue. Henceforth the 2 Gy fractions
help to magnify the destruction of tumour cells
thus giving time to healthy cells for repair (19).

IMRT was chosen to deliver radiotherapy in
this study as it attributes to increased radiation
dose delivered particularly to the tumour
volume thereby reducing the same to the
adjacent healthy tissues 20). Henceforth IMRT
can diminish the chances of occurrence of
xerostomia thus preserving the parotid gland
(1),

The mean volume of parotid glands before
radiotherapy and the mean dose applied to the
parotid glands of all the patients in this study
was in accordance with the study done by Wei et
al. 221 in 2014 and Juan etal 23)in 2015
respectively.

Juan etal 23) in 2015 revealed that 64 % of
the patients suffered from grade 2 xerostomia
when they were subjected to radiotherapy with
a parotid dose of 50-60 Gy (23). Lee etal in 2006
reveals that although IMRT leads to Xerostomia
to some extent, it still shows better chances of
recovery after 1 year of follow up @1,
Henceforth in this study we tried to evaluate the
extent of structural changes in parotid gland 3
years post radiotherapy. In this study, CT with
contrast was used to evaluate the structural
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changes in parotid glands as CT has been able to
detect salivary gland lesions with 100 %
sensitivity (24-26), Further plain CT is able to
detect entire volume of gland but it is not able to
detect parotid ducts. Hence iodinated contrast
was used in this study as it will raise the
sensitivity of the scan to detect parotid ducts (24
27,28),

The parotid volume was lesser immediately
after radiotherapy as compared to volume of
parotid glands before radiotherapy (table 2).
Later the volume increased over 2 yearsand
three years follow up. This was in accordance to
the findings of Juan et al. in 2015 which revealed
that the parotid shrinkage was significant within
100 days, up to 1 year and more than one year
post radiotherapy with a volume reduction rate
of 31.2+13.0%, 26.1+13.5%, and 17.1+16.6%
respectively (P<0.005) (23),

Parotid shrinkage was observed more in
cases with radical radiotherapy (97.29%) as
compared to Pre-operative radiotherapy group
(26.66%). The mean parotid dose was higher in
patients with parotid shrinkage. This was in
accordance to the other studies conducted in the
literature which has even concluded that the
mean parotid dose is considered as an important
prognostic marker towards parotid shrinkage
(21, Nishimura etal. (12 revealed a significant
correlation between the volume loss of parotid
glands and radiation dose (p=0.001). They also
revealed that the volume of parotid glands
reduced to 32 ml from 43.1 ml in the third week
of IMRT ). Further Ogura etal in 2017 also
revealed that there were 63.6 % of cases which
revealed parotid shrinkage three years post
radiotherapy with a mean applied parotid dose
of 46.3+ 23.3 Gy(®. The parotid shrinkage as
well as the mean parotid dose was more in the
study of Ogura et al. as compared to this present
study as this present study was conducted with
IMRT as compared to Ogura I et al. who
conducted the study with conventional
radiotherapy (.

Several studies in literature reveal a decrease
in parotid gland size at a rate of 0.6-0.7 % per
day for head and neck cancers with a total
volume loss of 21.3 % at the end of treatment
(24, Jin et. Al in 2013 also revealed same
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volume reduction (4.9 % per week) 9. Wang et
al. in 2009 revealed that average volume loss in
parotid gland at the end of radiotherapy
treatment was 26.93% 30). It is of interest to
note that parotid glands do not reveal any
further reduction in the volume after completion
of radiotherapy treatment. This was in
accordance with the study of Wang etal (39 in
2009. Further According to Sim etal in 2018,
the salivary glands which earlier showed 33%
reduction after completion of radiotherapy, they
revealed volumetric recovery after 2 years (1.
But this volumetric recovery was still
significantly smaller than pre radiotherapy
volumes. This was in accordance to the results of
this study too.

This study revealed that 69.2% parotid
glands revealed high density changes on CECT
immediately after radiotherapy with a mean
parotid dose of 34.53 Gy. This was in accordance
with the study done by Ogura etal which
revealed 70.5% high density changes .
However the mean parotid dose in the patients
with high density changes in their study was
46.8 Gy. This could be attributed to the fact that
conventional radiotherapy protocol was
followed in their study. Further low density
changes were revealed by 25% parotid glands
three years post radiotherapy with a mean
parotid dose of 35.15 Gy. This was also in
contrast to the low density changes (72.2%)
three years post radiotherapy by the study done
by Ogura et al with mean parotid dose of 46.6 Gy
(0,

This present study reveals significant
relationship between volume/density changes
in the parotid gland and mean dose applied to
the parotid glands which was in accordance with
the other studies conducted in the literature.

Limitations of the study

This study constituted a small sample size
and only structural changes in the Parotid
Glands were evaluated. The variation in salivary
content and its ph was not evaluated before and
after radiotherapy. This could have helped to
understand the effect of radiation on the
functional status of the irradiated parotid
glands. Even the change in the position of the
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organs at risk was not considered in this study
which can affect dosimetry of the planned
radiation treatment.

CONCLUSION

A part of the fact that IMRT is advanced, it
still lead to structural changes in the irradiated
PGs depending upon the position of the tumour
and radiation dose received by the parotid
glands. These structural changes reduce with
time. Further there is volumetric shrinkage post
radiotherapy which shows recovery with time.
These structural variations in the PGs are
significantly related to the mean radiation dose
received by these glands.

Conflicts of interest: Declared none.
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