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ABSTRACT

The aim of this study was to evaluate sonographénges in parotid and submandibular salivary glaimdpatients
undergoing radiotherapy for head and neck maligrnesicin addition, salivary changes subsequent thatherapy
were evaluated objectively and subjectively. Twepgfients(13males and 7females) with head and neck
malignancies, who had been referred to the Radrafhy/dOncology Department of the Shahid Madani Hiadpin
Tabriz, Iran, were included in the study. Lengthdth;, echotexture, echogenicity and margins of pdrand
submandibular glands were evaluated before and raftediotherapy using sonography. Peak-systolic
velocity(PSV),end-diastolic velocity(EDV) and ré&ses index(Rl) were also assessed by Doppler sa@pior.
Xerostomia subsequent to radiotherapy was evaluattdthe use of two techniques: patients’ selfarégd scoring
and objective measurement of resting saliva. Thexg a significant decrease in the width of the gidrgland after
radiotherapy compared to baseline(P=0.005).Althougle length of the parotid gland and the dimensiofis
submandibular gland decrease, the differences wetesignificant. In addition, the echogenicity, etgxture and
the margin of the glands change to hypoechoic rbgémnic and irregular, respectively, subsequentgiotherapy.
The Doppler technique showed decrease in PSV amathidRén increase in EDV; however, only the decréasd in

the submandibular gland was statistically signifig@=0.002).The results showed a significant deseedn
salivary flow after radiotherapy(P<0.001).In additi, based on the patients reports, the severityeobstomia
increased significantly after radiotherapy(P<0.0050ngraphic changes of parotid and submandibulands
after radiotherapy should be considered in ultrasuexaminations. The damages to the parotid and
submandibular glands had significant influence atignt post 3D-CRT.
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INTRODUCTION

Radiotherapy is the main treatment modality forch@ad neck malignancies[1].An important complicatiof
radiotherapy for head and neck malignancies igatential to damage the major salivary glands[Zjdose salivary
gland parenchyma is very sensitive to radiatio®{3jlecrease in salivary function is a common toxicind
decreases the patient’s quality of life. Severatligs have shown that over 90% of patients withdhesad neck
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malignancies develop some degree of xerostomia r@tiotherapy. Often, permanent xerostomia is @ated with
oral discomfort, increase drates of dental canebaal infection, and problems with speaking andlk®wing[4,5].
Limited studies have been conducted using ultraddarmeasure radiation-induced parotid injuriespite of its
wide use as a diagnostic tool for parotid neoplasmd infections[6-11]. Recently, the Doppler tecjus and
sonographic appearance of the parotid glands weggested for the evaluation of parotid glands after
radiotherapy[12-14].

In a Doppler study of late toxicity (3—8 years aftadiotherapy), significant differences were shawrigh peak
systolic velocity (PSV), resistive index (RI) andigatility index (PI) between the irradiated andiltiey parotid
glands[14]. Conversely, no significant differencegarding PSV, end diastolic velocity (EDV) andiRRthe parotid
glands were found at 2 weeks or 6—7 weeks aftaotteatapy[13].In addition, sonographic featureghaf parotid
glands, such as echogenicity, showed significdfér@inces in both late toxicity[14] and acute tayigroups[13].
Furthermore, another research showed that salglands after radiotherapy have been reported toypeechoic
and heterogenic in sonography[14-16]. Peak systa@iocity (PSV), end-diastolic velocity (EDV) anesistive
index (RI) also showed sub-normal values in sonuuyH.4].

All of the published studies have been used CdRadtiotherapy(2D) before sonographic evaluationatifepts. 3D
Conformal Radiotherapy is now routinely used atritast of radiotherapy centers [L7]However, thelieaslequate
data on changes in salivary glands following 3Dfoomal radiotherapy for head and neck malignandibss study
was designed and conducted to evaluate changesotichand submandibular glands in patients withdhaend neck
malignancies undergoing Three-Dimensional ConforRadiation Therapy (3D-CRT), using grayscale angier

sonography.

MATHERIALS AND METHODS

This study involved humans and all participantsenieformed about the aims of the study and theequoxes prior
to evaluations, and written consent was receivedh feach patient. The protocol of the study was amat by the
Ethics Committee of Tabriz University of Medicali&uce (registration code: TBZMED.REC.1394.1194).

Inclusion criteria: patients who had a tumor in Head and neck region and received 3D conformabtieetapy
treatment using 6 MV photon energy (ONCOR, Siem&/8A). The patients received 10 Gy of radiatiomiweek
(2 Gy daily for 5 days/week) and a total of 60—6@4 @ll the patients also simultaneously receiveérobtherapy
with 100 mgnf cisplatinonce every 3 weeks.

Exclusion criteria: a history of background salivagland disease, including salivary gland maligyamsnd
Sjogren’s disease, history of HIV virus or autoinmaudiseases and history of previous radiotherapyuogical
procedures in the head and neck region.

In this study, 20 patients (13 males and 7 femalegh head and neck malignancies referred to the
Radiotherapy/Oncology Department of Shahid Madamspital in Tabriz, Iran, were evaluated. The ageyeaof
the patients was 18-82 years. Parotid and submaadiglands of the patients were evaluated by gegsand
Doppler sonography. Parameters including lengthdthwiechotexture, echogenicity and gland margingfayscale
sonography and PSV, EDV and RI for Doppler sondgyapere measured in two stages.

All the ultrasound examinations were performed with ultrasound unit in conjunction with 812 MHz linear
transducer (Mindray DC-8, North America). Sonogiapbvaluations were accomplished by a professional
radiologist at Imam Reza Hospital in two stagese,oprior to the radiotherapy; and two, 6—7weeksraft
radiotherapy.

The length and width were measured for each pammid submandibular gland. The longest longitudiad
transverse dimensions of parotid and submandilgltards were measured in order to determine thaiedsions
(Figures 1 and 2). In cases in which the size efgland was larger than the field of view dual iemwere prepared
and placed next to each other.
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Gland margins, echogenicity and echotexture wese avaluated. Echogenicity is described as hyperech
isoechoic and hypoechoic in comparison with theeelit muscles[13]. Echotexture was classified asdgeneous
or heterogeneous. Gland margins were consideredgagar or irregular. PSV, EDV and Rl were also suead
using Doppler sonography (Figure 3).

To evaluate the severity of xerostomia, the subjaaderwent a ‘resting whole saliva’ collectiontt8he patients
were asked to avoid smoking, eating and drinking l&gquids for 1.5 hours from®.2 in the morning to avoid

circadian effects. They were asked to swallow thaliva before collecting their salivary sampled e seated in a
calm manner; then the spitting method was usedlteat their saliva for 5 minutes. During the samglprocedure
the subjects were asked to avoid swallowing arkingl

In addition, the subjects were asked to completali and structured questionnaire [18](Figure #Apmpto and
subsequent to radiotherapy. The patient scores g@aestion from zero to 10, with zero indication thenimum
severity and 10 indicating the maximum severity.

Statistical analysis
The level of significance of the difference in l&mgwidth, PSV, EDV and RI for each parotid andeahdibular
gland before and after radiotherapy was calculbjepdaired-sample t-test.

Chi-squared test was used to analyse the valuegualitative variables. P-values of <0.05 were odexsd
significant. Paired-sample t-test was employedviduate the relationship between the questionsesastomia and
the saliva volume before and after radiotherapgtiStcal significance was set at (P<0.05).

Figure 1. Measurement of the dimensions of parotigland

Figure 2. Measurement of the dimensions of submartdlilar gland
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Figure 3. Doppler sonogram of a parotid gland showig measurement of blood flow velocity (peak systalivelocity and end diastolic
velocity) and vascular resistance (resistive indexyf the gland

Below are several questions which will help describe the dryness in your mouth and how that dryness
interferes with aspects of your daily life? Please make one vertical mark across the line and choose
a number of 0-10 to show yvour condition

1. During the last three days. overall, your mouth or tongue was:

tongue was.
Extremely

Comfortable (0 10) uncomfortable l:]
3. Dunng the last three mghts, due to the dryness of your mouth and tongue, how difficult

was 1t to sleep? Consider such factors as how difficult 1t was for you to go to sleep, the

duration and quality of your sleep, and how often you woke up to drink or to urinate.

Easy (0 10) Very Difficult
4. Durnng the last three days, overall, due to the dryness of your mouth and tongue, how

difficult was 1t to speak without drinking liquids?

Easy (0 10) Very Difficult E
5. Durnng the last three days, overall, due to the dryness of your mouth and tongue, how

difficult was 1t to chew and swallow food?

T (R ——— 10) Very Dafficult ]

Figure 4. Xerostomia Questionnaire[18]
RESULTS

Of 20 patients evaluated, 10 had nasopharyngealncamas, 5 had laryngeal squamous cell carcinomaad
hypopharyngeal carcinomas and 2 had tongue squacgtiusarcinoma. The parotid and submandibular dgamf
all the 20 patients were successfully imaged widgihfiesolution grayscale and Doppler sonographye Tdtal
evaluated glands included 39parotid and 39 subrbatati glands due to the bilateral sonographic eatadns and
also the qualitative and quantitative differencesudeen the glands on both sides. The patients ¥83&2 years of

age (mean, 60.9+17.6).

We found decrease in the length and width of bdtimds after radiotherapy but decrement in the widtlonly
parotid gland was statistically significant (P=G@Jable 1). In both parotid and submandibular dtan
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echotexture, echogenicity and gland margins sicguifily altered to heterogenic, hypoechoic and utay
respectively, during radiotherapy (P=0.000) (T&jle

Table 1. Correlation of the longitudinal and trans\erse dimensions of parotid and submandibular glandwith sonographic stages

Type of gland Dimension Stage| Mean + SD (mm)  P-ua
Parotid Longitudinal | | 3.47(x0.46)
Il 3.38(+0.41) 0.252
Transverse | | 1.63(+0.45)
Il 1.42(+0.46) 0.005
Submandibular | Longitudinal | | 2.99(x0.47)
Il 2.93(+0.43) 0.280
Transverse | | 1.22(+0.29)
I 1.14(x0.42) 0.536

D, standard deviation.
Stages: |, before radiotherapy; Il, 6—7 weeks aftetiotherapy.

Table 2. Frequency distributions of the parotid andsubmandibular glands echotexture and echogenicityn sonographic stages

Echotexture Echogenicity Margins
Type of gland | stage ["Homogen | Heterogen| Hyperechd Isoechd Hypoecho Regul Irregular
parotid | 37 2 35 4 0 37 2
1l 4 35 0 11 28 0 39
Submandibular | 38 1 34 5 0 37 2
1l 1 38 0 2 37 0 39

Chi-squared P=0.000. Stages: |, before radiotherdpy6-7 weeks after radiotherapy

PSV, EDV and RI were measured for 39 parotid and@mandibular glands. In this study PSV and Ruesl
decreased after radiotherapy but EDV increasedteltvere significant differences in Rl in submandgipiglands
between different sonography stages whereas theme mo significant differences in PSV and EDV (Eab).

The means and standard deviations of salivary thefore and after radiotherapy were 82.7+28.7 an@+39.5,
respectively. The results of paired-sample t-tdsbwed a significant decrease in mean salivary flafer
radiotherapy (P value < 0.001). In addition, thensaest showed that the mean scores of all thetiqgneson
xerostomia after radiotherapy were significantlght@r than those before radiotherapy (P<0.001) €rdpl

Table 3. Correlation of the parotid and submandibuér glands’ peak systolic velocity (PSV), end-diastic velocity (EDV) and resistive
index (RI) with sonographic stages

Type of glanc Vascular index | Stage Mean + SC | P-value
Parotid EDV | 4.50+3.01 | 0.812
Il 4.63+3.33
PSV | 14.62+9.30 | 0.529
Il 13.3049.19
RI | 0.74+0.24 0.195
Il 0.68+0.08
Submandibular | EDV | 4.24+2.71 | 0.861
Il 4.35+3.13
PSV | 12.34+8.82 | 0.828
Il 11.8949.07
RI | 0.67+0.12 | 0.002
Il 0.65+0.1(

SD, standard deviation
Stages: |, before radiotherapy; Il, 6—7 weeks aftetiotherapy.
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Table 4. The means and standard deviations of scaef questions on xerostomia before and after radiberapy

Type of question Stage] Mean+SD | P-valué

Tongue and mouth dryness | 1.25(x1.55) | P<0.001
Il 4.75 (¥2.37)

The feeling of the tongue or the mouth | 1.10 (+1.48)| P<0.001
Il 4.80 (¥2.35

Sleep | 0.50 (+1.05)| P<0.001
Il 3.25 (¥2.65)

Talking without drinking liquids | 0.6 (+0.99) | P<0.001
Il 5 (+2.34)

Mastication and deglutition | 0.85 (¥1.23)| P<0.00Y
Il 4.90 (¥2.51

DISCUSSION

Conventional(2D) Radiotherapy consists of a sifiglam from one to four directions (usually laterelds). There
are few studies about sonographic changes of sgalivglands in patient treated with conventional
radiotherapy[14,19,20].3D or CT based planning todé account axial anatomy and complex tissue amstand
allowed for accurate dose calculation and precisgeted[21].Jen et al, concluded that 3D confonadiotherapy
delivered a higher dose to the tumor and it spahedparotid gland significantly better than the \camtional
treatment[22]. Due to the inadequate of publishat dibout sonographic changes in salivary glanittsiiog 3D
conformal radiotherapy, and the importance of noemdl issue, the present study evaluated these ehang
employing sonography as the evaluation technique.

Ultrasonography is useful in assessment of therfioja soft tissue structures including paroticddssubmandibular
glands. It is safe, noninvasive, inexpensive, widalailable and carries no radiation danger[23]Mserved some
changes, including the decrease in length and waififarotid and submandibular glands in patiergated with 3D-
CRT during the two stages of sonography. This rednavas statistically significant for the width pérotid glands.
However, generally there is inflammation and swelliafter radiotherapy, which result in an increas®rgan
size[24].1t has also been reported that the redngti size of the gland may be a result of paremaiydamage and
acinar atrophy[25,26]. Some studies have showndimatler size of salivary glands found in radiogpsr patients
was due to acinar atrophy after irradiation[25,27lume reduction of parotid glands after radiotimr has been
documented in previous studies using computed toapdy (CT)[28,29] and magnetic resonance imaging
(MRI[30,31]. Orloff et al, Imanimoghaddam et alyiBe et al and Ying et al studies also yielded lsimiesults
[13,14,16,31]Ying et al reported a significant difince only in the width of parotid glands[14].ur gtudy, most of
the normal glands had homogenic echotexture, whidnged to heterogenic after radiotherapy. A nundfer
similar studies have reported similar results[1826

Orderly and homogeneous position of acini in norgadilvary glands might explain their homogenic gekture; in
this context, loss of acini in association withidesl acini that are larger than normal and extaldisrupted pattern
might justify the heterogenic echotexture of thangl after chemotherapy.[26,33] Radiotherapy-astatiehronic
sialadenitis might result in inflammation and fibig]25,34-36].

The heterogenic echotexture of salivary glands afigiotherapy might be due to the presence of sxftammatory
areas that are manifested as hypoechoic areasraisalind examinations[15].In this study, salivalgngs before
radiotherapy were relatively hyperechoic comparéth adjacent muscles. After radiation, there wakeerease in
echogenicity of parotid and submandibular glandsictv changed some of them to isoechoic and mostesh to
hypoechoic compared with adjacent muscles. Prevdtudies yielded similar results[8,14,15,37].

In normal salivary glands the acini and granuleghinfunction as reflexive interfaces to reflectrattound waves;
therefore, they appear hyperechoic than musclesddition, hyperechoic nature of nhormal salivagngls might be
associated with fatty infiltration of the gland |3d a decrease in the echogenicity of the gldiet eadiotherapy
might be attributed to the inflammatory infiltratievithin the gland[24,38].

The regular margins of the salivary glands befa@diatherapy altered to irregular mode after radicdpy. We

found few published data regarding this matterhsas Imanimoghaddam et al research that repontgthsiresults
[13]this regularity may be caused by acinar irregatrophy.
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The Doppler results in the present study showetlRB¥ and RI decreased and EDV increased afteottagtiapy.
However, only the decrease in Rlin submandibulanglwas significant. Ying et al reported similasuis[14].
However, they only evaluated PSV, EDV and RI forgtid glands. Imanimoghaddam et al [13]reported BV
and RI in the parotid and submandibular glands eeduafter conventional radiotherapy but the valuese
insignificant. In addition, they found no statislly significant changes in EDV values of paroticida
submandibular glands after radiation.

Normal salivary glands have densely packed acinciires and the vessels are encased. After radagth there is
a reduction in the number of acini and granuleeréfore, the pressure is lifted from the vessetsthay can easily
dilate and pulsate, resulting ina decrease in P8Wascular resistance.

Ying et al reported insignificant differences in ¥[Dbetween parotid glands before and after conveatio
radiotherapy[14]. EDV changes may be a resultssiui¢ and Rl changes after irradiation. Ying eepbrted that RI
values decreased significantly after radiotheragyich was similar to our findings. This reductiooutd be a result
of acini destruction which leads to removal of gres from the vessels, the same way as descritfe8\ifl14].

Assessment of dry mouth in the present study wa® ddath two different techniques. In the first taiue, the
salivary volume was measured using an objectivehatetaind in the second technique the patient spdrted
scoring method was used. The results of both teclesi indicated a significant increase in the sgvesf
xerostomia subsequent to 3D-CRT. Jen et al condltiti incidence of severe xerostomia decreased 3iii-CRT
compare with conventional radiotherapy[22].

In this study the most prevalent complaints regbtig the patients were related to talking withoribking water,
followed by problems with mastication and deglotiti

It seems that despite several advances in radigicdmiques including 3D-CRT, xerostomia treatmanpatient
undergoing radiotherapy is needed.

It is suggested that similar studies be carriedimpiatient undergoing radiotherapy with IMRT ansbawith larger
sample sizes.

CONCLUSION

To avoid incorrect interpretation of ultrasound gas, changes in sonographic images of parotid @handibular
glands after radiotherapy of the head and neclonegfiould be taken into account in the ultrasowasnénations of
these patients. Radiation induced damages to thaighaand submandibular glands had significantuiefice in
patient undergoing 3D-CRT.
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