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Abstract
Purpose  Considering the complex pathobiology of oral mucositis, especially in oral cancer patients, the prevention and 
treatment of oral mucositis in patients undergoing radiotherapy remains an essential and clinically crucial unmet need. The 
present study aims to investigate and compare the effects of synbiotic mouthwash with normal saline mouthwash on the 
prevention and control of radiotherapy-induced oral mucositis in oral cancer patients.
Methods  Double-blind, randomized clinical trial (RCT) performed on 64 oral cancer patients who underwent radiotherapy 
(IRCT20201106049288N1, registration date: 2020–12-23). Patients were divided randomly into the case (32 subjects) and 
control (32 subjects) groups. All patients underwent intensity-modulated radiotherapy and received 6000 cGY of radio-
therapy in 34 fractions. All patients received the usual treatment for mucositis, but in the case group, synbiotic mouthwash 
was prescribed and in the control group, normal saline mouthwash was prescribed from a day before the start to the end 
of radiotherapy treatment. Patients were monitored every session for 6 weeks to check the progression, oral involvement 
severity, and mucositis grade.
Results  The case group showed a significant reduction in the oral mucositis severity. The mucositis grade in the case group 
from the 7th session of oral examination was significantly lower than the control (p < 0.05), and this significant difference 
persisted until the last session of oral examination. Incidence rates of severe oral mucositis (grade 3) during the treatment 
period were 11.59% in the case and 36.45% in control (p < 0.001).
Conclusion  Synbiotic mouthwash significantly reduces and prevents oral mucositis intensity in oral cancer patients under-
going radiotherapy.
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Background

Oral cancers include a variety of malignant neoplasms that 
include tumors in the oral cavity [1]. Radiation therapy is 
one of the treatment protocols for oral cancer, and it kills 
cells by directly damaging the DNA [2]. Radiotherapy side 
effects in cancer patients are associated with oxygen-free 
radicals and oxidative damage to healthy cells [3, 4]. Oral 
mucositis (OM) is a severe side effect of radiotherapy that 
refers to mucosal lesions of the oral cavity and the conse-
quent functional problems [5, 6]. The mean incidence of 
OM in patients undergoing fractionation radiotherapy is 
approximately 80% for oral cancer [7, 8]. Recent studies 
have shown that changes in microbiota and mucin cause 
mucositis following radiotherapy. This change in microbiota 
risks compromising the immune system’s protection against 
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the invasion of pathogens [9–12]. Considering the complex 
pathobiology of OM, especially in oral cancer patients, 
the prevention and treatment of OM in patients undergo-
ing radiotherapy remain an essential and clinically crucial 
unmet need.

Probiotics are living microorganisms that improve health 
by inhibiting or reducing pathogenic microorganisms [13, 
14]. Previous studies have confirmed the role of probiotics 
in altering the oral flora (such as Streptococcus mutans) and, 
consequently, the associated diseases [15–17]. The mecha-
nisms of probiotic action in the oral cavity are the production 
of antibacterial agents, attachment to dental surfaces, chang-
ing the conditions of the oral environment, and reducing the 
inflammatory response [18–20]. The rationale for using pro-
biotics against mucositis includes anti-inflammatory effects, 
maintaining mucosal permeability, eliminating pathogenic 
bacteria, preventing cellular apoptosis, and reinforcing the 
mucosal barrier [21–26]. Previous studies have also con-
firmed the effectiveness of probiotics and synbiotics in pre-
venting and treating gastrointestinal mucositis [24, 27, 28].

Despite several treatment modalities for radiotherapy-
induced OM, there is no perfect treatment strategy, so new 
therapeutic interventions are needed [29]. Based on the best 
of our knowledge, there has been no study related to the 
effect of synbiotic mouthwash on OM. The present study 
aims to compare the effects of synbiotic mouthwash with 
normal saline mouthwash on the prevention and control of 
radiotherapy-induced OM in oral cancer patients, and the 
incidence of mucositis and mucositis grade were assessed.

Material and methods

Study design and patient enrollment

The double-blind, randomized clinical trial (RCT) was con-
ducted at the Institute Cancer of Imam Khomeini Hospital 
(Tehran, Iran). Sixty-four individual subjects between the 
ages of 20–70 years with newly pathologically diagnosed 
oral squamous cell carcinoma (OSCC), referred to as inten-
sity-modulated radiotherapy (IMRT) for receiving 6000 cGY 
of radiotherapy in 34 fractions (150–200 cGY/day, 5 day/
week) in the oral cavity area, with the gross tumor volume 
(total of 6–7 weeks), were enrolled in this study. The clinical 
stages of the enrolled patients were determined according to 
the 8th edition of the American Joint Committee on Cancer 
(AJCC) cancer staging manual [30]. Patients were divided 
by the simple randomization method into case and control 
groups. The case and control patients were matched for age 
and gender. The study was conducted using a double-blind 
method, and the mouthwash distributor did not know the 
type of mouthwash used (whether it was synbiotic or nor-
mal saline). The patients did not know about the type of 

mouthwash that they used. Before enrollment, all patients 
received medical evaluations, including medical history and 
a physical examination. The exclusion criteria for patients 
were as follows:

1- Autoimmune diseases
2- Any history of OM before radiotherapy
3- Using an antimicrobial agent
5- Patients with a known history or coexisting any other 
tumors or malignancies
6- Any obvious inflammatory diseases
8- Allergies to probiotics
9- Patients with known active dental and periodontal 
infections

Ethics approval and consent to participate

Before starting radiotherapy, the purpose of the study and 
its steps were explained in both case and control groups. 
After obtaining the patient’s informed consent in accord-
ance with the ethics committee requirements at the partici-
pating institutes and the Declaration of Helsinki, the study 
was started. This study was approved by the Tehran Univer-
sity of Medical Sciences Ethical Committee (Ethical code: 
IR.TUMS.DENTISTRY.REC.1399.176), and this study was 
registered in the Clinical Trial Registration Center of Iran 
(IRCT code: IRCT20201106049288N1). All methods were 
performed under the relevant guidelines and regulations, and 
this study was conducted in accordance with the Declara-
tion of Helsinki [31]. Randomization and masking of the 
mouthwash type.

The random assignment of patients was performed with 
a computer-generated random number code to receive syn-
biotic or normal saline mouthwash. The drug was packaged 
and distributed according to random numbers and blinding 
codes. The blinding codes were not disclosed during all 
stages of experiments.

Mouthwash preparation

To prepare synbiotic mouthwash, 3 g of FamiLact powder 
(Familact, Zist Takhmir Company, Tehran, Iran) with the 
approval number of 0347756442342525 from the Food 
and Drug Department of Iran’s Ministry of Health and 
Medical Education was used, and dissolved in 100 ml of 
sterile normal saline (0.9%). The FamiLact is a synbiotic 
(probiotic + prebiotic) formulation which contains seven 
different gram-positive organisms strains (2 × 1010 colony 
forming units [CFU] Bifidobacterium breve, 7 × 109 CFU 
Bifidobacterium longum, 2 × 109 CFU Lactobacillus aci-
dophilus, 7 × 109 CFU Lactobacillus casei, 2 × 108 CFU 
Lactobacillus bulgaricus, 1.5 × 109  CFU Lactobacillus 
rhamnosus, 1.5 × 1010 CFU Streptococcus salivarius subsp. 
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thermophiles) and 40 mg fructooligosaccharide as a prebi-
otic, lactose, magnesium stearate, and talc as carrier sub-
stances. The mouthwashes were kept in a 100-ml bottle and 
checked for physical stability for 2 months without changing 
color, odor, and flavor. There was a minor difference between 
the two types of mouthwash tastes. However, the clinicians 
did not explain the taste difference between the two types of 
mouthwash to patients. Also, we avoided encountering two 
groups (case and control) with each other.

Trial protocol

All patients underwent radiotherapy using the National 
Comprehensive Cancer Network guidelines. Patients 
received 6000 cGY of radiotherapy in 34 fractions (150–200 
cGY/day, 5 day/week), with the gross tumor volume (total 
of 6–7 weeks). Patients were trained regarding the dietary 
regime and oral hygiene instructions. We advise patients to 
use a soft or ultra-soft toothbrush and the same toothpaste 
without allergic flavor at least twice a day and once using 
gentle flossing [32]. Dietary considerations include avoid-
ing allergenic foods such as cinnamon, tomatoes, strawber-
ries, liqueurs, walnuts, onions, and raw garlic, celery [33]. 
Patients were asked to avoid smoking or drinking alcoholic 
beverages [34]. Nystatin mouthwash was prescribed for all 
patients in both groups (nystatin suspension 100/000 U/mL, 
5–10 mL rinse), then spit (3–4 times daily in 1 to 3 min). 
Since nystatin suspension contains sugar, patients are 
instructed to use mouthwash before oral hygiene measures 
such as brushing and dental flossing [32, 35]. They recom-
mended keeping the oral environment moist by sipping water 
frequently and using sugar-free chewing gum [36, 37]. All 
patients were instructed to use the modified Bass technique 
for brushing and to avoid gingival and soft tissue injury. 
During their treatment, individuals in both case and control 
groups were instructed not to use probiotic products such as 
bread, cakes, yogurt, or dairy. In the case group, in addition 
to the usual treatment of mucositis, synbiotic mouthwash 

was prescribed a day before the start of radiotherapy treat-
ment to the end of the radiotherapy treatment. They gargled 
10 ml of mouthwash three times a day for 3 min. In the con-
trol group, besides the usual treatment of mucositis, a nor-
mal saline mouthwash was prescribed for 10 ml to be used 
three times a day for 3 min. Mouthwashes were given to each 
treatment group in similar bottles (shape, size, and color). 
During radiotherapy, patients were monitored every day or 
every 2 days for 6 weeks to check the progression of mucosi-
tis, severity of oral involvement, the occurrence of mucosi-
tis and its grading, and occurrence were assessed daily by 
three oral medicine specialists based on the World Health 
Organization (WHO) grading system [38], National Cancer 
Institute’s general criteria for adverse events (version 5.0), 
and updated MASCC/ISOO Guidelines were used to score 
and manage mucositis in patients [39]. For this purpose, 
patients were examined every session of radiotherapy treat-
ment for 6 weeks to check the progression of mucositis; this 
oral examination (OE) started precisely after the fifth session 
of radiotherapy and continued after each radiotherapy treat-
ment session. Consequently, the last follow-up OE session 
was done 1 week after the last radiotherapy session (Fig. 1). 
The patient’s oral hygiene was examined in each follow-up 
session by plaque index. A checklist asked patients about the 
frequency of toothbrushing and dental flossing daily after 
radiotherapy. During the study, no unwanted side effects or 
symptoms, such as allergic reactions, were seen in patients 
under treatment.

Statistical analysis methods

Statistical analyses were performed using the statistical soft-
ware SPSS 24.0.0. (SPSS Inc., USA) and GraphPad Prism 
9.0.00 (GraphPad Software, USA). P-values (p) less than 
0.05 were considered significant. Descriptive statistics were 
reported as mean ± SD for quantitative variables, and all the 
data were analyzed using Mann–Whitney and Wilcoxon W 
tests and non-linear regression.

Fig. 1   Timeline of radiotherapy sessions and oral examination
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Results

Patients’ characteristics

One hundred and forty-five patients with oral cancer 
diagnosed by histopathology were assessed as eligible 
for enrollment in this study from February 2020 to May 
2020. This study was a double-blind, randomized clinical 
trial in patients with oral cancer undergoing head and neck 
radiotherapy. Sixty-four patients were excluded from the 
study because of protocol deviations from the study pro-
tocol. Three patients without oral discomfort, 19 patients, 
who did not meet inclusion criteria, 27 patients because of 
exclusion criteria, six patients who declined to participate, 
seven patients who declined before randomization, and 
two patients for other reasons (two patients died during the 
treatment and followed up the process). During the follow-
up period, nine patients who did not complete radiotherapy 
treatment were omitted from the study. Finally, 32 patients 
in each group of synbiotic and normal saline mouthwash 
were analyzed (Fig. 2).

All patients enrolled in the analysis step completely 
received their planned radiation treatment dose, and there 
was no significant difference in the radiotherapy dose 
received between the case and control groups. In both the 
control and case groups, 23 subjects (72.88%) were male, 
nine subjects (28.12%) were female, and there was no dif-
ference in the case and control groups regarding sex and 
age. The age of participants, tumor stage, node stage, and 
site of cancer development are stated in Table 1.

First, OMs were observed 1 week after the first radio-
therapy. Tongue, floor of the mouth, and buccal mucosa 
were the most commonly found sites of OM in the case 
and control. The minimum and maximum mucositis grad-
ing of each person receiving normal saline and each person 
receiving synbiotic recipient for 6 weeks and 30 sessions 
of radiotherapy were the same; without OM and grade 3, 
respectively. The incidence rates of severe OM (grade 3) 
during the treatment period were 11.59% in the case and 
36.45% in the control group, and the difference was statis-
tically significant (p < 0.001). Incidence rates of grades 1 
and 2 in the case group were 25.36% and 60.97%, respec-
tively, and in the control group were 14.49% and 47.93%, 
respectively. OM grades in the intervention and control 
groups, represented as a percentage in each session from 
the first to the end of the OE session, are shown in Fig. 3.

The mean mucositis grade of each normal saline recipi-
ent and synbiotic mouthwash in the first OE session was 
0.84 and 0.75 (p > 0.05), respectively. The mean mucositis 
grade in the 30th OE session of the case group was 1.75, 
significantly lower than the mean mucositis grade in the 
30th OE session of the control group (2.4, p < 0.00.1). 

The mean mucositis grade in the intervention and control 
group in each OE session is shown in Fig. 4. However, 
as shown in Fig. 4, the trend of the graphs is the same in 
both groups (case and control groups), and severe OM was 
mostly observed in the 15th to 22nd OE sessions.

Using the Mann–Whitney U test, a comparison was made 
of the mean mucositis grade of both case and control groups 
at similar weeks. Mann–Whitney’s analysis showed that the 
mean mucositis grade has a significant statistical difference 
between the two groups from the 7th session of OE onwards. 
The present study results showed that the mucositis grade in 
the first and second sessions of OE in both case and control 
groups was similar. The mucositis grade differed between 
the two groups from 3 to 7th session of the OE, but this 
difference was not statistically significant (p > 0.05). The 
mucositis grade of both groups after the 7th OE session was 
statistically significant (p < 0.05). Mucositis grading was 
significantly different in the case and control groups from 
the seventh OE session to the 30th session of OE (Table 2). 
Mucositis grade in the synbiotic group was significantly 
lower than in the normal saline group (p < 0.05). These 
results show that mouthwash containing synbiotic strains 
significantly reduces the incidence of grade 3 OM.

To construct models to predict the intensity of OM, after 
surveying and using the curve fitting tool of GraphPad Prism 
9.0.00 (GraphPad Software, USA), we chose the substrate 
inhibition equation regression model (Eq. 1), where Y repre-
sents the mean value of OM grade, and X represents session 
of OE, and also A, B, and C are the constant value that was 
computed by curve fitting.

The parameters of Eq. 1 and the fitted equation on the 
mean grade of OM are shown in Fig. 5.

Discussion

Current study results show that synbiotic mouthwash signifi-
cantly prevent OM induced by radiotherapy in oral cancer 
patients. The pathobiology of OM is complex and multifac-
eted, and the role of oral microbiota as an effective preven-
tive and protective factor seems to be very important [40]. 
Some studies have shown that despite preventive oral care, 
patients undergoing cancer treatment developed OM, and the 
time of onset and the severity of OM were associated with 
normal oral flora before and during treatment [41].

Several studies have also investigated the role of gastro-
intestinal microbiota and intestinal mucosa and their effects 
on the occurrence of oral mucosa [42]. The intestinal micro-
biota is effective in the pathogenesis of OM, especially in 

(1)
Y = A ×

X

B + X ×

(

X

C
+ 1

) ,X > 1
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the recovery phase, by modulating pro-inflammatory path-
ways [43]. There is also evidence linking the role of the 
gut microbiome in the pathogenesis of OM by regulating 
immune responses. In addition, bowel dysfunction due to 
cancer treatment and changes in the gut microbiome can 
exacerbate the severity of OM [44]. Probiotic supplements 

can effectively reduce intestinal microbial disorders caused 
by radiochemotherapy, and this can ultimately reduce OM 
in patients with nasopharyngeal cancer [7].

Probiotics may reduce the incidence and severity of OM 
caused by cancer treatment [26]. Cordeiro et al. showed that 
probiotic drinks effectively prevented mucositis in mice and 

Fig. 2   Patients were included in this study and protocol design
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concluded that the prevention of mucositis depends on the 
bacterial strain [45]. They also showed that probiotic prod-
ucts could be used to reduce the side effects of chemother-
apy using generally recognized as safe (GRAS) bacteria by 
strengthening the immune system [46]. Streptococcus sali-
varius K12 can reduce radiotherapy-induced OM in mice 
and is a promising treatment for cancer patients undergo-
ing radiation therapy [47]. They also showed that Bacillus 
clausii UBBC-07 effectively delayed the onset and reduced 
the recovery time of OM, especially in the prevention of 
acute OM [48].

Studies have emphasized the need to use specific pro-
biotics to reduce the OM severity in clinical trial stud-
ies of diverse populations undergoing cancer treatments 
[49]. Two studies focused on lactobacillus and lactococci 
administered systemically or topically [50, 51]. Both 
studies effectively prevent OM in patients with H and N 

cancer. However, no instructions were provided because 
of the limited data for these probiotics [52].

Jiang et al. [7] and Xia et al. [53] showed that pro-
biotics have a significant role in preventing OM caused 
by radiotherapy and chemotherapy by strengthening the 
immune system and increasing the number of T cells and 
lymphocytes [7, 53]. Besides the role of probiotics in oral 
health [54, 55] and new hopes in cancer treatments [56], 
probiotics strengthen the immune system by regulating the 
balance of microbial flora [57] and preventing the growth 
of pathogenic bacteria, which plays an essential role in 
the prevention and control of OM [26]. Wei et al. stated 
that probiotics could effectively prevent or treat diarrhea 
caused by chemotherapy or radiotherapy, which is consist-
ent with ours [58]. Shu et al. concluded that probiotics 
reduce the incidence and severity of OM in cancer treat-
ment. However, more clinical trials with a double-blind, 

Table 1   Demographics, clinical 
characteristics, tumor stage, and 
site distribution of OM

Values are expressed as mean ± SD or No. (%)
*  P-value (p) for the comparison between case and control groups
**  BSc.: Bachelor of Science, *** MSc.: Master of Science, **** Ph.D.: Doctor of Philosophy

Characteristics Case (synbiotic) 
(n = 32) (%)

Control (normal saline) 
(n = 32)(%)

p*

Gender p > 0.05
  Female 9 (28.12%) 9 (28.12%)
  Male 23 (71.88%) 23 (71.88%)

Age, years 49.42 ± 7.65 51.73 ± 6.28 p > 0.05
Education levels p > 0.05
  Primary education secondary 19 (90.32%) 21 (41.94%)
  Diploma or BSc.** 12 (9.68%) 9 (41.94%)
  MSc*** or Ph.D**** 1 (0.00%) 2 (16.13%)

Tumor stage N
  T1 1 2
  T2 5 4
  T3 11 12
  T4 15 14

Node stage N
  N0 6 5
  N1 12 13
  N2 7 5
  N3 7 9

TNM stage
  I–III 14 17
  IV 18 15

Site distribution of OM
  Buccal mucosa 6 4
  Lip 2 2
  Tongue 12 14
  Hard palate 4 4
  Floor of the mouth 6 6
  Retromolar trigone 2 2
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randomized study design have been recommended to con-
firm the effects of probiotics [26].

Chang et al. showed that probiotic administration inhibits 
mucositis and reduces the severity of diarrhea and intestinal 

toxicity in mice with colorectal cancer undergoing chemo-
therapy [59]. Other studies have shown that synbiotics are 
involved in preventing mucositis by increasing the expres-
sion of toll-like receptors (TLRs) at the level of macrophages 

Fig. 3   Percentage of OM grades in the intervention and control groups in each OE session

Fig. 4   Mean OM grade for case and control groups in each oral examination session
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[60]. Lipoteichoic acid on the surface of the bacterium Lac-
tobacillus rhamnosus can bind to toll-like receptor 2 (TLR2) 
on the surface of peristaltic macrophages, producing the 
chemokine CXCL12 [26, 60]. Yeung et al. used oral lacto-
bacilli probiotics in mice with chemotherapy-induced intes-
tinal mucositis. They suggested that probiotics may be used 
to improve mucositis as an alternative therapeutic solution 
to prevent or manage mucositis caused by chemotherapy, 
and their results were in line with ours [61]. Stamatova et al. 
used probiotics in dairy products to improve the signs and 
symptoms of Crohn’s disease. They mentioned that probiotic 
bacteria in the mouth are essential to determine their safety 
and properties [62].

Several studies suggested that Bifidobacterium breve 
could effectively improve intestinal environments in clinical 
use [63, 64]. Pre-clinical studies after chemotherapy showed 
that a decrease in some bacteria species, including Bifido-
bacterium, results in lipopolysaccharide (LPS) that initiates 

the inflammatory pathways [65]. Using anti-inflammatory 
agents continues to be a promising strategy for the preven-
tion and treatment of OM in cancer patients [66, 67]. Jiang 
et al. used a Bifidobacterium longum supplement to reduce 
the severity of OM by chemoradiotherapy in patients with 
nasopharyngeal carcinoma [7]. Picó-Monllor concluded 
that B. longum was the most frequently used probiotic for 
mucositis treatment. A combination of other probiotics 
resulted in the successful treatment of mucositis-associated 
with colorectal cancer [21, 68].

Oh et al. investigated the effects of Lactobacillus aci-
dophilus on the intestinal mucositis of rats and concluded 
that L. acidophilus could be used for mucositis preven-
tion and treatment [69]. Cordeiro et al. reported the effects 
of L. acidophilus on preventing mucositis in mice [45]. 
Similar results were reported by Quaresma et al. regard-
ing the mixture containing Lactobacillus spp. and Bifi-
dobacterium spp. It could lead to intestinal mucositis in 

Table 2   Results of OM grading 
during the first to end session of 
oral examination

1st session 30th session

Case (n = 32) (%) Control (n = 32) (%) Case (n = 32) (%) Control (n = 32) (%)

Mucosal index, no. (%)
  Without OM 8 (25%) 5 (15.63%) 0 (0%) 0 (0%)
  Grade 1 24 (75%) 27 (84.37%) 9 (28.12%) 0 (0%)
  Grade 2 0 (0%) 0 (0%) 22 (68.75%) 19 (59.37%)
  Grade 3 0 (0%) 0 (0%) 1 (3.12%) 11 (34.37%)

Fig. 5   Mean mucositis grade for case and control groups every sessions of oral examination (A) and every five sessions of oral examination (B)
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mice [70]. The combination of B. breve, B. longum, and L. 
acidophilus suggested reducing mucositis incidence rates 
or ameliorating its symptoms in chemo- or radiotherapy 
treated patients [21]. Yeung et al. showed the immune-
modulating effects of Lactobacillus casei in a chemo-
therapy-induced intestinal mucositis mouse model [71]. 
Several studies have used synbiotics to control, treat, and 
prevent mucositis. Also, they reported that synbiotic con-
sumption in breast cancer survivors had beneficial effects 
on adiponectin, TNF-α, and hs-CRP [72, 73]. Trindade 
et al. showed that synbiotic administration (including fruc-
tooligosaccharide) could decrease mucosal damage in an 
experimental murine model affected by mucositis [74].

A similar trend of OM grade intensity was reported in 
previous studies that found it increased during the sec-
ond to the fourth week from the beginning of the treat-
ment, and after a peak, it decreased [75, 76]. Oral pro-
biotics can potentially reduce the incidence of OM due 
to chemotherapy. However, clinical trials should further 
confirm the effectiveness of oral probiotics against side 
effects. The species and number of probiotics should be 
optimized and standardized before clinical applications 
[49]. Our study had limitations, including that dietary 
changes during treatment were not completely controlla-
ble, although patients were given detailed recommenda-
tions. Future independent studies with larger sample sizes 
will be necessary to confirm the findings and possibly 
identify confounding factors and potential side effects. 
Our results showed that synbiotic mouthwash decreased 
the peak of mean OM grade intensity. Equation 1 could be 
used for modeling, prediction, and comparison of various 
treatment modalities of OM.

Conclusion

To our knowledge, the present study is the only one that 
investigates the effect of the topical application of synbi-
otic mouthwash on the management of OM induced by 
radiotherapy in oral cancer patients. Our results showed 
that synbiotic mouthwash significantly reduces OM inten-
sity and prevents mucositis in oral cancer patients under-
going radiotherapy. However, it is suggested that, in future 
studies, the mechanism of mucositis prevention by probi-
otic and synbiotic mouthwash with higher sample sizes 
be investigated.
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