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Abstract
Purpose: To study the relationship between the dosimetric parameters of the radiotherapy contouring protocols for head 
and neck cancers and the acute oral complications resulting from this treatment. 

Methods: This was a cross-sectional, quantitative study. Radiotherapy was planned according to established design protocols. 
The constraints used were those described in QUANTEC (Quantitative Analyses of Normal Tissue Effects in the Clinic) and 
the complications were classified based on the CTCAE “” (National Cancer Institute's Common Criteria Chart of Toxicity).  

Results: Eleven patients participated, most of them male (89%), with a mean age of 60.2 years. The most frequent tumor site 
was oropharynx (55%) and the degree of staging IV (64%). Among the participants, 73% were smokers and 82% had a habit 
of drinking alcohol. The most frequent oral complications were dysphagia (91%), xerostomia (82%), mucositis (54%) and 
oral pain (54%). For the complications dysphagia, xerostomia and mucositis, relationships were found between the dosimet-
ric data and the development of these, for oral pain the difference between the groups was not significant. 

Conclusion: Dosimetric data are directly related to the development of certain oral complications resulting from radio-
therapy treatment for malignant head and neck neoplasms.
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	 The improvement of the radiotherapy technique, 
with the presence of more targeted doses and protection of 
the risk organs, has allowed the reduction of toxicities, with 
mucositis being the most frequent acute toxicity and xerosto-
mia the most observed late toxicity. The introduction of three-
dimensional radiotherapy (3D-CRT) and intensity-modulated 
radiotherapy (IMRT) systems allows greater protection of the 
major salivary glands preserving the salivary flow rate. With 
this, patients' quality of life was improved, as well as the risk of 
damage to the teeth induced by radiation [12]. Knowing that 
the oral complications resulting from radiotherapy treatment 
directly influence the patient's quality of life and adherence to 
treatment, the present study aimed to evaluate the dosimet-
ric relationship between the three-dimensional design and the 
acute oral complications of radiotherapy in patients withcan-
cer of the head and neck diagnosed in the Hospital de Câncer 
de Pernambuco.It is a pilot study due to the unprecedented 
characteristic of the association between the radiotherapy de-
sign and the oral complications.

Methods
	 The study was a prospective, quantitative approach. 
The study population consisted of 11 oncology patients from 
a Reference Hospital in Oncology in the state of Pernambuco, 
who underwent 3D conformational radiotherapy in the head 
and neck region and were followed up at the Odontology clin-
ic of this hospital.Patients older than 18 years, with diagnosis 
of Epidermoid Carcinoma in the head and neck region (oral 
cavity, oropharynx, hypopharynx, larynx and nasopharynx), 
whose therapeutic indication involved exclusive conforma-
tional radiotherapy, concomitant with chemotherapy or as 
adjuvant to surgery were included in the study. Those with 
performance status below 70 according to Karnofsky score, 
diagnosis of head and neck cancer of other locations (skin 
lesions or metastases), cognitive deficit or refusal of the Free 
and Informed Consent Term, were excluded.The planning of 
radiotherapy was performed according to the design protocols 
established in previous studies [13-16]; the constraints used 
were those described in the set of articles known as Quantita-
tive Analyzes of Normal Tissue Effects in the Clinic (QUAN-
TEC) [17], the evaluation of dosimetric parameters was per-
formed through dose-volume histograms and described in 
its own form.After signing the Informed Consent Term, the 
patients were examined weekly throughout the period of 
radiotherapy,at the Department of Dentistry in order to iden-
tify the presence of oral complications of radiotherapy. It used 
its own form, filled out according to clinical examination. To 
determine and classify complications, the National Cancer In-
stitute's Common Criteria Chart of Toxicity (CTCAE) v4.03 
[18,19] was used as a reference. Oral complications included 
angular cheilitis, dental caries, dry mouth (xerostomia), dys-
phagia, gingival pain, mucositis, oral fistula, oral bleeding, oral 
pain, periodontal disease, toothache, radiodermatitis and os-
teoradionecrosis. Complications were recorded on a form ac-
cording to the degree presented, on a weekly basis, during the 
period of radiotherapy (thirty-five sessions or seven weeks).
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Introduction
	 The estimated incidence of cancer in Brazil for the 
year 2018 indicates the occurrence of approximately 14,700 
new cases of neoplasms of oral cavity and 7,670 new cases of 
larynx. Especially in the Northeast region of Brazil is estimat-
ed 2,810 new cases of oral cavity cancer, for both sexes [1].
Radiotherapy and Surgery are described as the standard thera-
pies for initial and locally advanced malignant tumors in the 
head and neck region [2,3]. For initial lesions it is recommend-
ed to perform local surgery with or without neck dissection. 
For more advanced stages, radiotherapy, associated or not with 
chemotherapy, is recommended as a complement to the surgi-
cal treatment or can be used as a radical or palliative treat-
ment, also associated or not with chemotherapy [4,5].
	 In radiation therapy, an energy charge is directed to 
eliminate malignant cells in a specific area. Radiation causes 
DNA damage leading to the death of normal and neoplastic 
cells [6]. The major challenge of radiotherapy treatment is to 
maximize disease control, minimizing morbidity and toxicity 
in surrounding normal tissues [7]. Radiotherapy is typically 
associated with acute and late toxicity that can have profound 
effects on the patient's quality of life. Common acute toxici-
ties of head-neck irradiation include mucositis, dermatitis, 
dysphagia, and odynophagia. These complications may lead to 
prolongation or interruption of treatment with potential ad-
verse impact on results [7,8].
	 Several radiotherapy techniques can be used to treat 
head and neck cancer. Conventional radiotherapy, also known 
as 2D Radiotherapy (RT2D), is performed by delimiting the 
volume of treatment from plain radiographs. Conformational 
radiotherapy, also known as 3D radiation therapy (RT3D), 
has been developed so that the planning is performed from 
computerized tomography imaging with the visualization of 
the tumor or target and the normal tissues in volumetric form. 
The images are exported to software that allows planning the 
delivery of doses through different input portals known as 
treatment fields [6]. With current planning software, the rela-
tionship between radiation doses and tumor volumes and ad-
jacent normal tissues is expressed as dose-volume histograms 
[9].ing to smoker people the studies shows that’s smoking is 
more prevalent in depression patients [23,24]. And among the 
many harmful oral habits, which are believed to be induced by 
emotional disturbances, smoking is possibly the most impor-
tant in relation to worsened periodontal conditions [25].
	 The use of dose-volume histograms for treatment 
plan analysis has become indispensable for dose analysis in 
the tumor and in normal tissues. Thus, with the development 
of the three-dimensional technique, a greater individualiza-
tion of treatments was possible. Radiation doses are better 
shaped and, compared to the conventional technique, safety 
has been increased with better visualization and evaluation of 
treated anatomical structures [10]. Dosimetric data on toler-
ance of normal tissues began to be described in the literature 
retrospectively from these computational data of radiotherapy 
planning [11].



	 The follow up and dental treatment that the patients 
participating in the research received, in no way differ, from 
what is already done in a standard way for all head and neck 
patients who undergo radiotherapy treatment. Once the pa-
tients were evaluated and appropriate pre-radiotherapy, they 
were followed up throughout the treatment period, accord-
ing to protocols adopted in the Department of Dentistry of 
the Hospital de Câncer de Pernambuco.Data were analyzed 
through a descriptive analysis of patient data and complica-
tions and their respective frequencies. Subsequently, the com-
plications and the dosimetric data of patients with or without 
complications were analyzed. The mean values of the dosimet-
ric data of the volumes of structures relevant to each type of 
complication that received certain percentages of doses (V%) 
were compared in groups that had or had no complications 
through radar-type graphics. Excel software was used for the 
analyzes. The work was approved by the institution's Ethics 
and Research Committee E.

Results
	 Eleven patients participated, most of them male 
(89%), with a mean age of 60.2 years, minimum age of 38 and 
maximum of 75 years. Stratified in age groups, 27% were less 
than 50 years old, 27% were between 50 and 64 years old and 
46% were elderly. Most of the patients were retired (36%) and 
the rest were divided between bricklayer (27%), self-employed 
(18%), carpenters (9%) and realtors (9%) (Table 1).

Sociodemographic characteristics                        Numbers (%)
Age (inyears)'                                             60,2 ± 12,7 (38; 75)
Age group                                                  
< 50 yearsold                                              3 (27,0%)
50-64 years old                                           3 (27,0%) 
> or •65 years old                                       5  (46,0%)
Sex
Female                                                         2 (18,0%)
Male                                                             9 (89,0%)
Profession             
Retired/Pensioner                                     4 (36,0%)  
Autonomous                                              2 (18,0%)
Woodworker                                              1 (9,0%)
Realtor                                                        1 (9,0%)   
Bricklayer                                                   3 (27,0%)  

•Mun = standarddl\'iatioo (Ma.ximwn ;Minimwn)

Table 1: Sociodemographic profile of patients diagnosed with 
malignant lesions in the head and neck region attended at the 
Hospital de Câncer de Pernambuco.
	 Regarding alcohol or smoking habits, 73% reported 
being smokers or former smokers, and 82% reported frequent 
alcohol consumption (Table 2). Regarding alcohol or smoking 
habits, 73% reported being smokers or former smokers, and 
82% reported frequent alcohol consumption (Table 2).

Variables                                Numbers (%)
Smoking
Yes                                           8 (73,0%)
No                                           3 (27,0%)
Alcoholism
Yes                                           9 (82,0%)
No                                            2 (18,0%)

Table 2. Life habits of patients with diagnosis of malignant le-
sions in the head and neck region treated at the Hospital de 
Câncer de Pernambuco.
	 As to the clinical aspects of the patients, all had his-
tology of Epidermoid Carcinoma, most of the tumors were 
located in the oropharynx region (55%), followedby 18% in 
the oral cavity, 18% in the larynx and 9% in the nasopharynx. 
According to the degree of staging of the tumor, 64% of the pa-
tients had grade IV, 18% grade III and 18% grade II. Of the 11 
patients investigated, 73% underwent chemotherapy and 36% 
underwent surgery prior to radiotherapy (Table 3).

Clinical characteristics                                Numbers (%)
Tumor diagnosis                                                    
Squamous Cell Carcinoma                         11 (100%)      
Tumor  Location
Oropharynx                                                   6 (55,0%)  
Larynx                                                            2 (18,0%)
Oral cavity                                                     2 (9,0%)
Rhinopharynx                                               I (9,0%)
Degree of staging
I                                                                     0 (0,0%)
II                                                                    2 (18,0%)    
m                                                                    2 (18,0%)
IV                                                                   7 (64,0%)
Chemotherapy
Yes                                                                  8 (73,0%) 
No                                                                  3 (27,0%)
Surgery   
Yes                                                                 4 (36,0%)
No                                                                  7 (64,0%)  

Table 3. Clinical aspects of patients diagnosed with malignant 
lesions in the head and neck region treated at the Hospital de 
Câncer de Pernambuco.
	 Among the complications evaluated in the pa-
tients, dysphagia, present in about 90% of patients, followed 
by dry mouth (81%), mucositis (54%) and oral pain (54%). 
Among the least incidents are radiodermatitis (18%), oral 
bleeding (9%) and cheilitis (9%). Complications Dental car-
ies, gingival pain, oral fistula, periodontal disease, tooth 
pain and osteoradionecrosis were not present (Figure. 1). 
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	 When analyzing the mean dosimetric data of patients 
who had dysphagia or not; it is observed that in relation to 
the oral cavity, all V% were higher in the group that presented 
some degree of dysphagia. Regarding the doses in the pharyn-
geal contrictor muscles, this relation was not observed. This 
can be partially explained by the high average doses received 
in both groups (with and without dysphagia) (Figures. 2a and 
2b).

 

             
Figure 1. Incidence of complications assessed in patients with head and neck neoplasms submitted to conformational radiotherapy 
(3D), during treatment.

 

 
Figures 2a and 2b. Relationship between the volumes of oral 
cavity and constrictor muscles of the pharynx irradiated and 
the development of dysphagia.
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	 In relation to dry mouth, we found that patients with 
lower degrees (0 and 1) had higher mean doses in the parotid 
and submandibular muscles, compared to patients who pre-
sented higher degrees of dry mouth (>1). This antagonistic re-
sult can be explained by the fact that the mean doses were high 
in both groups, therefore, the comparison should be made tak-
ing into consideration the minimum doses. Then, in the group 
that presented lower degrees of dry mouth (0 and 1), the mini-
mum dose was lower than the group with dry mouth grade> 
1, that is, a larger volume of the parotid was preserved in the 
group that presented lower dry mouth (Figures. 3a and 3b).

Figures 3a and 3b. Relationship between the volumes of pa-
rotid glands and submandibular glands irradiated and the de-
velopment of dry mouth.

	 For mucositis, differences were observed in oral cav-
ity and buccal mucosa doses, among groups that developed or 
not. For oral cavity, it was observed that V10, V20, V30, V40 
and V70 were higher in the group that developed the com-
plication (mucositis), that is, in these established parameters, 
a larger percentage of the structure received a higher dose or 
equal to 10, 20, 30, 40 or 70 Gy respectively. For V50, V60 and 
V80 no significant differences were observed. For the buccal 
mucosa all V% were higher in the group that developed mu-
cositis (Figures. 4a and 4b).

Figures 4a and 4b. Irradiated oral cavity and buccal mucosa 
volumes and the development of mucositis.
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	 We did not find significant dosimetric differences be-
tween the volume of oral cavity irradiated and the development 
of oral pain in the sample analyzed in this study (Figure. 5). 

Figure 5. Relationship between the volume of oral cavity ir-
radiated and the development of oral pain.
	 One of the patients in the group did not present 
any degree of complication. When comparing the mean dose 
(Dmean) in the several analyzed structures, with the means of 
the Dmean of the other patients; it was observed that in the 
patient that did not develop complications the Dmean were 
smaller in the mandible, parotid, oral cavity, lips, buccal mu-
cosa and in the submandibular and greater in the maxilla, con-
strictors of the pharynx and in the larynx (Figure. 6).

Figure 6. Relationship between the mean dose (Gy) received 
by each structure and the development of complications.

Discussion
	 The cases of cancer diagnosed on the head and neck 
region represent fifth in the list of the most frequent neoplasms 
[20,21]. The most frequent histological type is squamous cell 
carcinoma, accounting for about 90% of lesions of the oral cav-
ity and larynx. The most important risk factor is smoking, in 
synergy with alcoholism. Other factors are important such as 
HPV infections, vitamin deficiency and immunosuppression 
[22]. The histological type of squamous cell carcinoma was se-
lected as inclusion criterion since work, considering its greater 
frequency in head and neck neoplasms. The most common lo-
cation was oropharynx. Among the participants in the study, 
73% had a history of chronic smoking and 82% of alcoholism, 
reinforcing the already established relationship of habits with 
the development of neoplasms in the head and neck region.
	 The findings of most studies on the prevalence of 
squamous cell carcinoma in males corroborate with those 
found in this study, where the majority of the sample consisted 
of men. National Cancer Institute (INCA) estimates for 2018 
bring oral cavity tumors to 5th place among the 10 most com-
mon cancers for men, estimating for the same 11,200 new cas-
es and 3,500 for women [1]. Data from the American Cancer 
Society (ACS) estimate for new cases in 2018 the 8th position 
for men, with 37,160 cases. In contrast, both the Inca and ACS 
estimates do not bring the oral cavity and pharynx localization 
among the 10 most incident for women [23].
	 Radiotherapy and Surgery are described as the stand-
ard therapies for initial and locally advanced malignant tu-
mors in the head and neck region [2,3]. Low stage injuries are 
usually treated with local surgery. In the more advanced stag-
es, radiotherapy, associated or not with chemotherapy, is rec-
ommended as a complement to the surgical treatment [3,4]. 
Regarding the degree of staging, most of our sample presented 
stage IV, being to the therapeutic modalities according to the 
indicated in the literature, since more than two thirds of the 
patients were submitted to the chemotherapy and a small por-
tion submitted to the previous surgery.
	 Complications arising from radiotherapy can be 
divided into acute and late complications. Because it is a re-
stricted follow-up to the radiotherapy period, we evaluated 
the acute complications, finding dysphagia more frequent, fol-
lowed by dry mouth, mucositis and oral pain. Up to 59% of 
the patients undergoing radiotherapy alone developed mild 
dysphagia and 25% severe dysphagia, this number rises to 69% 
in patients who received concomitant radiation and chemo-
therapy [24,25].
	 A factor that can contribute to the development of 
dysphagia is the presence of mucositis, a complication present 
in about 90% of patients receiving concomitant radiotherapy 
and chemotherapy, mucositis was found in more than half of 
our sample. Currently the association of chemotherapy has al-
lowed a better local control of the disease and survival in these 
patients, in contrast has added an increase in the incidence of 
oral mucositis (MO). We can confirm this, since among the 
patients who did not have concomitant chemotherapy, the 
mucositis was non-existent or at most grade 1, with mild dis-
comfort without diet modification.
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	 Despite the presence of mucositis in about 54% of 
the studied population, no patient presented severe degrees 
throughout the treatment period. Some of this success can be 
attributed to the protocol for the prevention of mucositis, with 
the use of the low-power laser to which the patients were sub-
mitted according to routine of the Department of Dentistry in 
the Hospital de Câncer de Pernambuco. The use of the laser 
in its preventive form presents effective results, delaying the 
onset of inflammation, decreasing the severity of the degrees 
and consequently the pain associated with OM, as well as pre-
venting complications with the use of a nasogastric tube and 
hospital admission [26-28]. The first clinical sign of mucosi-
tis is erythema appearing at cumulative doses of radiation to 
the head and neck of about 10 Gy. Cumulating doses of 30 Gy 
(usually after two weeks) develop ulcers [29].
	 With this work we can observe that mucositis is es-
pecially related to the amount of dose received by the buccal 
mucosa, since all V% were higher in the group that developed 
mucositis. For oral cavity, a significant difference was ob-
served in V10, V20, V30, V40 and V70, which were higher 
in the group that developed the complication (mucositis). For 
V50, V60 and V80, no significant differences were observed 
between the two groups. As a comparison, the group that de-
veloped mucositis presented in the V30 about 85% of the vol-
ume of oral cavity receiving 30Gy or more (cumulative dose in 
which the ulcers usually present), whereas the group that did 
not develop presented 76% of the structure receiving thesame 
dose.
	 Xerostomia or subjective sensation of dry mouth was 
present in about 81% of our sample. Radio-induced xerosto-
mia depends on the cumulative doses of radiation on the head 
and neck region [30]. Doses of 20 Gy may cause a decrease in 
salivary flow, doses above 50 Gy cause severe glandular dys-
function, and a rapid decline in salivary flow may be observed 
during the first weeks of treatment [31]. It can be observed 
in the sample studied that patients who presented dry mouth 
grade> 1 received in the parotid the average dose of approxi-
mately 41.6Gy, when the constraints indicate that the maxi-
mum dose allowed in the parotid is approximately 27Gy.
It can be observed that patients with lower degrees (0 and 
1) had higher mean doses in the parotid and submandibu-
lar groups, compared to patients with higher degrees of dry 
mouth (> 1). This antagonistic result can be explained by the 
fact that the mean doses were high in both groups, therefore, 
the comparison should be made taking into consideration the 
minimum doses. In the group that presented lower degrees of 
dry mouth (0 and 1) the minimum dose was lower in relation 
to the group with dry mouth grade> 1, that is, a larger vol-
ume of the parotid was preserved in the group that presented 
lower degree of dry mouth . When possible, dose reduction 
for parotids leads to preservation of salivary function follow-
ing radiotherapy. Xerostomia is a debilitating factor that can 
induce difficulty in swallowing, speaking and even facilitating 
the development of cavities.

	 When evaluating the data for oral pain, it is curious 
to observe that patients who presented grade> 0 received the 
mean dose of 51.1Gy, while for grade <0 the mean dose was 
discreetly higher 51.6Gy, however, in patients who developed 
The volume of irradiated structure was larger, receiving larger 
doses up to V40. Oral pain is a subjective aspect of being eval-
uated, since such a symptom may be related to the develop-
ment of oral mucositis, or even tumor pain itself.
	 In general, we can observe that patients who did not 
present complications received lower mean doses in the re-
lated risk organs compared to those who presented compli-
cations, which leads us to understand that the development 
of complications is directly related to the amount of dose re-
ceived by each structure, as well as the volume of the organ 
receiving such dose. Recent studies have shown that intensity 
modulated radiotherapy (IMRT) is a technique that allows the 
administration of lower doses of radiation to normal tissue, 
maintaining or increasing the dose in the tumor, compared to 
the less advanced radiotherapy techniques.
	 With the knowledge that one of the major challenges 
with radiotherapy in head and neck cancer is to optimize dis-
ease control, decreasing toxicity in surrounding normal tissues 
and consequently morbidity for the patient, efforts over the 
past decades have bent over the techniques of planning and 
delivery of doses of radiotherapy, leading to improved dose 
distributions. These dosimetry gains, mainly the reduction of 
unnecessary irradiation of important adjacent structures, have 
resulted in gains in quality of life for the patient.

Conclusion 
	 In view of the presented work, there is a relationship 
between the dosimetric parameters used in the three-dimen-
sional design for the treatment of malignant neoplasms in the 
head and neck region and the oral complications resulting 
from this treatment. There is a need for further studies in the 
area in order to obtain more comprehensive evidence regard-
ing the relationship between dosimetry and oral complica-
tions, aiming to improve patients' quality of life.
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