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ABSTRACT
The aim of this study was to evaluate sonographic changes in parotid and submandibular salivary glands in patients
undergoing radiotherapy for head and neck malignancies. In addition, salivary changes subsequent to radiotherapy
were evaluated objectively and subjectively. Twenty patients(13males and 7females) with head and neck
malignancies, who had been referred to the Radiotherapy/Oncology Department of the Shahid Madani Hospital in
Tabriz, Iran, were included in the study. Length, width, echotexture, echogenicity and margins of parotid and
submandibular glands were evaluated before and after radiotherapy using sonography. Peak-systolic
velocity(PSV),end-diastolic velocity(EDV) and resistive index(RI) were also assessed by Doppler sonography.
Xerostomia subsequent to radiotherapy was evaluated with the use of two techniques: patients’ self-reported scoring
and objective measurement of resting saliva. There was a significant decrease in the width of the parotid gland after
radiotherapy compared to baseline(P=0.005).Although the length of the parotid gland and the dimensions of
submandibular gland decrease, the differences were not significant. In addition, the echogenicity, echotexture and
the margin of the glands change to hypoechoic, heterogenic and irregular, respectively, subsequent to radiotherapy.
The Doppler technique showed decrease in PSV and RI and an increase in EDV; however, only the decrease in RI in
the submandibular gland was statistically significant(P=0.002).The results showed a significant decrease in
salivary flow after radiotherapy(P<0.001).In addition, based on the patients reports, the severity of xerostomia
increased significantly after radiotherapy(P<0.001). Songraphic changes of parotid and submandibular glands
after radiotherapy should be considered in ultrasound examinations. The damages to the parotid and
submandibular glands had significant influence in patient post 3D-CRT.
Key words: Ultrasonography, Conformal radiotherapy, Parotid glands, Submandibular glands, Xerostomia.
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INTRODUCTION
Radiotherapy is the main treatment modality for head and neck malignancies[1].An important complication of
radiotherapy for head and neck malignancies is its potential to damage the major salivary glands[2] because salivary
gland parenchyma is very sensitive to radiation[3].A decrease in salivary function is a common toxicity and
decreases the patient’s quality of life. Several studies have shown that over 90% of patients with head and neck
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malignancies develop some degree of xerostomia after radiotherapy. Often, permanent xerostomia is associated with
oral discomfort, increase drates of dental caries and oral infection, and problems with speaking and swallowing[4,5].
Limited studies have been conducted using ultrasound to measure radiation-induced parotid injuries in spite of its
wide use as a diagnostic tool for parotid neoplasms and infections[6-11]. Recently, the Doppler technique and
sonographic appearance of the parotid glands were suggested for the evaluation of parotid glands after
radiotherapy[12-14].
In a Doppler study of late toxicity (3–8 years after radiotherapy), significant differences were shown in high peak
systolic velocity (PSV), resistive index (RI) and pulsatility index (PI) between the irradiated and healthy parotid
glands[14]. Conversely, no significant differences regarding PSV, end diastolic velocity (EDV) and RI in the parotid
glands were found at 2 weeks or 6–7 weeks after radiotherapy[13].In addition, sonographic features of the parotid
glands, such as echogenicity, showed significant differences in both late toxicity[14] and acute toxicity groups[13].
Furthermore, another research showed that salivary glands after radiotherapy have been reported to be hypoechoic
and heterogenic in sonography[14-16]. Peak systolic velocity (PSV), end-diastolic velocity (EDV) and resistive
index (RI) also showed sub-normal values in sonography[14].
All of the published studies have been used Cobalt Radiotherapy(2D) before sonographic evaluation of patients. 3D
Conformal Radiotherapy is now routinely used at the most of radiotherapy centers [17]However, there is inadequate
data on changes in salivary glands following 3D conformal radiotherapy for head and neck malignancies. This study
was designed and conducted to evaluate changes in parotid and submandibular glands in patients with head and neck
malignancies undergoing Three-Dimensional Conformal Radiation Therapy (3D-CRT), using grayscale and Doppler
sonography.
MATHERIALS AND METHODS
This study involved humans and all participants were informed about the aims of the study and the procedures prior
to evaluations, and written consent was received from each patient. The protocol of the study was approved by the
Ethics Committee of Tabriz University of Medical Science (registration code: TBZMED.REC.1394.1194).
Inclusion criteria: patients who had a tumor in the head and neck region and received 3D conformal radiotherapy
treatment using 6 MV photon energy (ONCOR, Siemens, USA). The patients received 10 Gy of radiation in a week
(2 Gy daily for 5 days/week) and a total of 60–66 Gy. All the patients also simultaneously received chemotherapy
with 100 mgm-2 cisplatinonce every 3 weeks.
Exclusion criteria: a history of background salivary gland disease, including salivary gland malignancy and
Sjögren’s disease, history of HIV virus or autoimmune diseases and history of previous radiotherapy or surgical
procedures in the head and neck region.
In this study, 20 patients (13 males and 7 females) with head and neck malignancies referred to the
Radiotherapy/Oncology Department of Shahid Madani Hospital in Tabriz, Iran, were evaluated. The age range of
the patients was 18–82 years. Parotid and submandibular glands of the patients were evaluated by grayscale and
Doppler sonography. Parameters including length, width, echotexture, echogenicity and gland margins for grayscale
sonography and PSV, EDV and RI for Doppler sonography were measured in two stages.
All the ultrasound examinations were performed with the ultrasound unit in conjunction with a 7 12 MHz linear
transducer (Mindray DC-8, North America). Sonographic evaluations were accomplished by a professional
radiologist at Imam Reza Hospital in two stages: one, prior to the radiotherapy; and two, 6–7weeks after
radiotherapy.
The length and width were measured for each parotid and submandibular gland. The longest longitudinal and
transverse dimensions of parotid and submandibular glands were measured in order to determine their dimensions
(Figures 1 and 2). In cases in which the size of the gland was larger than the field of view dual images were prepared
and placed next to each other.
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Gland margins, echogenicity and echotexture were also evaluated. Echogenicity is described as hyperechoic,
isoechoic and hypoechoic in comparison with the adjacent muscles[13]. Echotexture was classified as homogeneous
or heterogeneous. Gland margins were considered as regular or irregular. PSV, EDV and RI were also measured
using Doppler sonography (Figure 3).
To evaluate the severity of xerostomia, the subjects underwent a ‘resting whole saliva’ collection test. The patients
were asked to avoid smoking, eating and drinking any liquids for 1.5 hours from 9 12 in the morning to avoid
circadian effects. They were asked to swallow their saliva before collecting their salivary samples and be seated in a
calm manner; then the spitting method was used to collect their saliva for 5 minutes. During the sampling procedure
the subjects were asked to avoid swallowing and talking.
In addition, the subjects were asked to complete a valid and structured questionnaire [18](Figure 4) prior to and
subsequent to radiotherapy. The patient scores each question from zero to 10, with zero indication the minimum
severity and 10 indicating the maximum severity.
Statistical analysis
The level of significance of the difference in length, width, PSV, EDV and RI for each parotid and submandibular
gland before and after radiotherapy was calculated by paired-sample t-test.
Chi-squared test was used to analyse the values of qualitative variables. P-values of <0.05 were considered
significant. Paired-sample t-test was employed to evaluate the relationship between the questions on xerostomia and
the saliva volume before and after radiotherapy. Statistical significance was set at (P<0.05).

Figure 1. Measurement of the dimensions of parotid gland

Figure 2. Measurement of the dimensions of submandibular gland
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Figure 3. Doppler sonogram of a parotid gland showing measurement of blood flow velocity (peak systolic velocity and end diastolic
velocity) and vascular resistance (resistive index) of the gland

Figure 4. Xerostomia Questionnaire[18]

RESULTS
Of 20 patients evaluated, 10 had nasopharyngeal carcinomas, 5 had laryngeal squamous cell carcinoma, 3 had
hypopharyngeal carcinomas and 2 had tongue squamous cell carcinoma. The parotid and submandibular glands of
all the 20 patients were successfully imaged with high-resolution grayscale and Doppler sonography. The total
evaluated glands included 39parotid and 39 submandibular glands due to the bilateral sonographic evaluations and
also the qualitative and quantitative differences between the glands on both sides. The patients were 18 82 years of
age (mean, 60.9±17.6).
We found decrease in the length and width of both glands after radiotherapy but decrement in the width in only
parotid gland was statistically significant (P=0.005)(Table 1). In both parotid and submandibular glands,
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echotexture, echogenicity and gland margins significantly altered to heterogenic, hypoechoic and irregular,
respectively, during radiotherapy (P=0.000) (Table 2).
Table 1. Correlation of the longitudinal and transverse dimensions of parotid and submandibular glands with sonographic stages
Type of gland
Parotid

Dimension
Longitudinal

Transverse

Submandibular

Longitudinal

Stage
I
II

Mean ± SD (mm)
3.47(±0.46)
3.38(±0.41)

P-value
0.252

I
II

1.63(±0.45)
1.42(±0.46)

0.005

I
II

2.99(±0.47)
2.93(±0.43)

0.280

Transverse

I
1.22(±0.29)
II
1.14(±0.42)
0.536
D, standard deviation.
Stages: I, before radiotherapy; II, 6–7 weeks after radiotherapy.
Table 2. Frequency distributions of the parotid and submandibular glands echotexture and echogenicity in sonographic stages

Type of gland

stage
I
II

Echotexture
Homogen Heterogen
2
35

35
0

Echogenicity
Isoecho Hypoecho
4
11

Margins
Regular Irregular
37
0

2
39

I
38
1
34
5
0
37
II
1
38
0
2
37
0
Chi-squared P=0.000. Stages: I, before radiotherapy; II, 6-7 weeks after radiotherapy

2
39

parotid

37
4

Hyperecho

0
28

Submandibular

PSV, EDV and RI were measured for 39 parotid and 39 submandibular glands. In this study PSV and RI values
decreased after radiotherapy but EDV increased. There were significant differences in RI in submandibular glands
between different sonography stages whereas there were no significant differences in PSV and EDV (Table 3).
The means and standard deviations of salivary flow before and after radiotherapy were 82.7±28.7 and 39.9±34.5,
respectively. The results of paired-sample t-test showed a significant decrease in mean salivary flow after
radiotherapy (P value < 0.001). In addition, the same test showed that the mean scores of all the questions on
xerostomia after radiotherapy were significantly higher than those before radiotherapy (P<0.001) (Table 4).
Table 3. Correlation of the parotid and submandibular glands’ peak systolic velocity (PSV), end-diastolic velocity (EDV) and resistive
index (RI) with sonographic stages
Type of gland
Parotid

Submandibular

Vascular index
EDV

Stage
I
II

Mean ± SD
4.50±3.01
4.63±3.33

P-value
0.812

PSV

I
II

14.62±9.30
13.30±9.19

0.529

RI

I
II

0.74±0.24
0.68±0.08

0.195

EDV

I
II

4.24±2.71
4.35±3.13

0.861

PSV

I
II

12.34±8.82
11.89±9.07

0.828

RI

I
0.67±0.12
0.002
II
0.65±0.10
SD, standard deviation
Stages: I, before radiotherapy; II, 6–7 weeks after radiotherapy.
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Table 4. The means and standard deviations of scores of questions on xerostomia before and after radiotherapy
Type of question
Tongue and mouth dryness
The feeling of the tongue or the mouth
Sleep
Talking without drinking liquids
Mastication and deglutition

Stage
I
II
I
II
I
II
I
II
I
II

Mean ± SD
1.25(±1.55)
4.75 (±2.37)
1.10 (±1.48)
4.80 (±2.35)
0.50 (±1.05)
3.25 (±2.65)
0.6 (±0.99)
5 (±2.34)
0.85 (±1.23)
4.90 (±2.51)

P-value*
P<0.001
P<0.001
P<0.001
P<0.001
P<0.001

DISCUSSION
Conventional(2D) Radiotherapy consists of a single beam from one to four directions (usually lateral fields). There
are few studies about sonographic changes of salivary glands in patient treated with conventional
radiotherapy[14,19,20].3D or CT based planning took into account axial anatomy and complex tissue contours and
allowed for accurate dose calculation and precise targeted[21].Jen et al, concluded that 3D conformal radiotherapy
delivered a higher dose to the tumor and it spared the parotid gland significantly better than the conventional
treatment[22]. Due to the inadequate of published data about sonographic changes in salivary glands following 3D
conformal radiotherapy, and the importance of mentioned issue, the present study evaluated these changes,
employing sonography as the evaluation technique.
Ultrasonography is useful in assessment of the superficial soft tissue structures including parotid and submandibular
glands. It is safe, noninvasive, inexpensive, widely available and carries no radiation danger[23].We observed some
changes, including the decrease in length and width of parotid and submandibular glands in patients treated with 3DCRT during the two stages of sonography. This reduction was statistically significant for the width of parotid glands.
However, generally there is inflammation and swelling after radiotherapy, which result in an increase in organ
size[24].It has also been reported that the reduction in size of the gland may be a result of parenchymal damage and
acinar atrophy[25,26]. Some studies have shown that smaller size of salivary glands found in radiotherapy patients
was due to acinar atrophy after irradiation[25,27]. Volume reduction of parotid glands after radiotherapy has been
documented in previous studies using computed tomography (CT)[28,29] and magnetic resonance imaging
(MRI)[30,31]. Orloff et al, Imanimoghaddam et al, Burke et al and Ying et al studies also yielded similar results
[13,14,16,31]Ying et al reported a significant difference only in the width of parotid glands[14].In our study, most of
the normal glands had homogenic echotexture, which changed to heterogenic after radiotherapy. A number of
similar studies have reported similar results[14,16,32].
Orderly and homogeneous position of acini in normal salivary glands might explain their homogenic echotexture; in
this context, loss of acini in association with residual acini that are larger than normal and exhibit a disrupted pattern
might justify the heterogenic echotexture of the gland after chemotherapy.[26,33] Radiotherapy-associated chronic
sialadenitis might result in inflammation and fibrosis[25,34-36].
The heterogenic echotexture of salivary glands after radiotherapy might be due to the presence of such inflammatory
areas that are manifested as hypoechoic areas in ultrasound examinations[15].In this study, salivary glands before
radiotherapy were relatively hyperechoic compared with adjacent muscles. After radiation, there was a decrease in
echogenicity of parotid and submandibular glands, which changed some of them to isoechoic and most of them to
hypoechoic compared with adjacent muscles. Previous studies yielded similar results[8,14,15,37].
In normal salivary glands the acini and granules might function as reflexive interfaces to reflect ultrasound waves;
therefore, they appear hyperechoic than muscles. In addition, hyperechoic nature of normal salivary glands might be
associated with fatty infiltration of the gland [38] and a decrease in the echogenicity of the gland after radiotherapy
might be attributed to the inflammatory infiltration within the gland[24,38].
The regular margins of the salivary glands before radiotherapy altered to irregular mode after radiotherapy. We
found few published data regarding this matter, such as Imanimoghaddam et al research that reported similar results
[13]this regularity may be caused by acinar irregular atrophy.
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The Doppler results in the present study showed that PSV and RI decreased and EDV increased after radiotherapy.
However, only the decrease in RIin submandibular gland was significant. Ying et al reported similar results[14].
However, they only evaluated PSV, EDV and RI for parotid glands. Imanimoghaddam et al [13]reported that PSV
and RI in the parotid and submandibular glands reduced after conventional radiotherapy but the values were
insignificant. In addition, they found no statistically significant changes in EDV values of parotid and
submandibular glands after radiation.
Normal salivary glands have densely packed acini structures and the vessels are encased. After radiotherapy there is
a reduction in the number of acini and granules. Therefore, the pressure is lifted from the vessels and they can easily
dilate and pulsate, resulting ina decrease in PSV and vascular resistance.
Ying et al reported insignificant differences in EDV between parotid glands before and after conventional
radiotherapy[14]. EDV changes may be a result of tissue and RI changes after irradiation. Ying et al reported that RI
values decreased significantly after radiotherapy, which was similar to our findings. This reduction could be a result
of acini destruction which leads to removal of pressure from the vessels, the same way as described in PSV[14].
Assessment of dry mouth in the present study was done with two different techniques. In the first technique, the
salivary volume was measured using an objective method and in the second technique the patient self-reported
scoring method was used. The results of both techniques indicated a significant increase in the severity of
xerostomia subsequent to 3D-CRT. Jen et al concluded that incidence of severe xerostomia decreased after 3D-CRT
compare with conventional radiotherapy[22].
In this study the most prevalent complaints reported by the patients were related to talking without drinking water,
followed by problems with mastication and deglutition.
It seems that despite several advances in radiation techniques including 3D-CRT, xerostomia treatment in patient
undergoing radiotherapy is needed.
It is suggested that similar studies be carried out in patient undergoing radiotherapy with IMRT and also with larger
sample sizes.
CONCLUSION
To avoid incorrect interpretation of ultrasound images, changes in sonographic images of parotid and submandibular
glands after radiotherapy of the head and neck region should be taken into account in the ultrasound examinations of
these patients. Radiation induced damages to the parotid and submandibular glands had significant influence in
patient undergoing 3D-CRT.
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