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de pacientes com cancer de cabeca e pescoco
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Abstract

Obijectives: To evaluate radiotherapy effects (RT) on mandibular movements of patients with head and neck cancer (H&NC) and associate them
to the variables: functional capacity, radiation field, disease staging, type of feeding, concomitant chemotherapy and total dose of RT. Methods:
Twenty-six patients with H&NC were followed up at the RT service. Physical examination was performed in 3 follow up time points: before the
beginning of RT (T0), between 14" and 17" session of RT (T1) and after the last session of RT (T2). The physical examination consisted of the
assessment of the following variables: mouth opening without pain (MO), maximum mouth opening (MMO), right lateral excursion (RLE), left
lateral excursion (LLE) and protrusion (PR) of the jaw. The feeding type and the Karnofsky Performance Status Scale (KPS) were evaluated in
each follow up time point. Data with regards to the tumor lesion and the RT were collected from the patient’s clinical notes. Results: There was
a statistical significant reduction in the values of MO (p=0.006), MMO (p=0.001), LLE (p=0.006) and KPS (p=0.001). There was significant a
statistical association among the reduction in KPS and decreased measure of MO (r=0.390, p=0.048) and MMO (r=0.435, p=0.026). The mouth
and oropharynx radiation fields when combined showed a significant reduction for both the measure of MO (p=0.005) and for MMO (p=0.004).
Patients who used nasoenteric tube feeding (NTF) had greater reduction in the measurement of MMO (p=0.031). The remaining variables
showed no statistically significant difference. Conclusion: Patients with H&NC present reduction of the measures of MO and MMO during the RT,
especially if they present reduced functional capacity, have radiation in the mouth and oropharynx fields and used NTF.
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Resumo

Objetivos: Avaliar os efeitos da radioterapia (RT) sobre os movimentos mandibulares de pacientes com cancer de cabega e pescogo
(CCeP) e associa-los as variaveis: capacidade funcional, campo de radiagao, estadiamento da doenga, tipo de alimentag&o, quimioterapia
concomitante e dose total de RT. Métodos: Vinte e seis pacientes com CCeP foram acompanhados em um servigo de RT. O exame fisico
ocorreu em trés momentos: antes do inicio da RT (MO), entre a 14° e 17° sesséo (M1) e apds a Ultima sesséo de RT (M2) para verificagédo de
variaveis, como: abertura bucal sem dor (AB), abertura bucal maxima (ABm), excurséo lateral direita (EXd), excurséo lateral esquerda (EXe)
e protruséo (PR) da mandibula. O tipo de alimentagéo e a Escala de Karnofsky (EK) foram reavaliados em cada momento. Dados a respeito
da lesdo tumoral e RT foram coletados do prontuério do paciente. Resultados: Houve redugéo significativa nos valores de AB (p=0,006),
ABm (p=0,001), EXe (p=0,006) e EK (p=0,001). Houve associagao estatisticamente significativa entre a redugéo na EK e a diminuigéo de AB
(r=0,390; p=0,048) e de ABm (r=0,435; p=0,026). Os campos de radiagdo da boca e orofaringe, quando agrupados, apresentaram redugao
significativa tanto para a medida de AB (p=0,005) quanto para ABm (p=0,004). Os pacientes que utilizaram sonda nasoentérica (SNE)
apresentaram maior redugao da medida de ABm (p=0,031). As demais varidveis ndo apresentaram diferenga estatisticamente significativa.
Conclusao: Os pacientes com CCeP apresentam redugéo das medidas de AB e ABm no decorrer da RT, principalmente se apresentarem
redugéo da capacidade funcional, tiverem irradiagédo para os campos da boca e orofaringe e fizerem uso de SNE.
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Introduction

Head and neck cancer (H&NC) presents a worldwide esti-
mated incidence of 780.000 new cases per year'. In Brazil, the
National Institute of Cancer (INCA) estimated that in 2010
10.330 new cases of cancer involving the head and neck areas
among men and 3.790 among women occurred”. The anatomi-
cal sites that are included in this group of neoplasms are the
oral cavity, which comprises oral mucosa, lips, gums, hard
palate, tongue, mouth floor and retromolar trigone; pharynx,
which includes oropharynx (base of tongue and soft palate),
nasopharynx and hypopharynx (pyriform sinus, pharyngeal
wall and post-cricoid area); nasal cavity and paranasal sinuses;
glottis and supraglottic larynx; and salivary glands"®. Approxi-
mately 40% of H&NC occur in the oral cavity, 25% in the larynx,
15% in the pharynx, 7% in the salivary glands and 13% in other
areas®’. The most frequent histological type is the squamous
cell carcinoma, present in more than 90% of cases"*.

Several factors are involved in the genesis of head and neck
cancer, including genetic predisposition'é; professional activity
such as exposure to textile fibers, leather and nickel’; social
conditions and habits, being the consumption of tobacco and
alcohol the most significant risk factors"**°. Variables such as
age over 40 years-old, male gender and white race may be also
considered as predisposing factors for its development?.

Therapeutic modalities for the treatment of head and neck
cancer include surgical, procedures, radiotherapy and chemo-
therapy, which may be used separately or in combination®".
Radiotherapy (RT) is a modality used in the treatment of
malignant tumors which the therapeutic agent is the ionizing
radiation, i.e. that one which promotes ionization in the en-
vironment where charged, turning it electrically unstable'"*
By creating unstable atoms whose free electrons join to other
adjacent atoms, which also become unstable with increased
negative charges, damage to the cellular deoxyribonucleic acid
(DNA) occurs, preventing the replication of the neoplastic cell**.
The ionizing radiation treatment, however, is not selective, as
it does not have the capacity to differentiate the normal cells
from the malignant ones, which turns it toxic for the body".

Adverse reactions due to RT depend on the volume and
the area that will be irradiated, whether the exposure will be
unilateral or bilateral, total dose, dose fractionation, age, pa-
tient clinical condition, social habits, such as alcoholism and
smoking and the associated treatments''>. Most of patients
undergoing RT for head and neck receive a total dose from 50
to 70 Gray (Gy) as a curative dose. These doses are fractionated
in a period from five to seven weeks, once a day, five days a
week, with daily dose of approximately 2 Gy*!*.

The side effects of RT established for the treatment of
patients with H&NC significantly interfere on the quality of

life of these individuals'®. Among the effects located in the
head and neck area it may be mentioned: mucositis, derma-
titis, dry mouth, hypogeusia, osteoradionecrosis, fibrosis and
trismus*!"'*!, Radiation-induced trismus, a reduced mobility
of the jaw'”!® due to the fibrosis that occurs in the masticatory
muscles when they are in the radiation field*'"'* has a negative
impact on the quality oflife of the patients®", as it causes alter-
ations in the facial appearance®, difficulty in food intake>'°*, in
the use of dental prostheses'®and in the speech®, compromises
the oral hygiene®' and it may lead to depression®.

Some authors® suggest that radiation-induced trismus
may only be established months after the end of radiation
therapy and if the patient underwent to high doses, while other
authors®® state that, during the course of radiation therapy
may occur restriction of the mandibular movements even after
low doses of irradiation. Several studies'™**' reported the rela-
tionship of trismus with specific anatomical structures in the
radiation field. In addition, some authors'’* confirm the direct
influence of this therapy associated with chemotherapy in the
emergence of this complication, while other authors® disagree.

Due to the contradictory data in the scientific literature
with regards to the appearance of radiation-induced trismus in
the course of irradiation therapy and the high rate of patients
with H&NC undergoing high doses of RT in extensive radiation
fields", there is a need to better investigate the occurrence of
possible changes in the mandibular mobility in irradiated pa-
tients, as well as which associated factors would be involved in
the onset of these complications, so that after this investiga-
tion, data for prevention programs and/or reduction of such
dysfunctions may be provided.

Therefore, the objectives of this study were to evaluate the
effects of RT on the mandibular movements of patients with
H&NC and, secondarily to investigate the association of these
effects with the following variables: functional capacity, radia-
tion field, disease staging, type of feeding, use of concomitant
chemotherapy and total dose of RT.

Methods

Study design and sample

This is a prospective cohort study in which patients with
H&NC, assisted by the Unified Health System in the Radiother-
apy Service of the Santa Rita Hospital (HSR) of the Irmandade
Santa Casa de Misericérdia de Porto Alegre (ISCMPA), Porto
Alegre, RS, Brazil, were evaluated and followed up. These pa-
tients started radiotherapy between February and May 2010.
The sample size calculation was carried out based on the study
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of Grandi et al.* for a significance level of 5%, a power of 80%
and an effect size of at least 0.6 among the evaluations, and it
resulted a minimum number of 22 patients to contemplate the
study design.

The assessment of eligibility for participation in the study
followed the criteria: 1) inclusion criteria: Male and female
over 18 years-old, with diagnosis of H&NC undergoing cura-
tive RT alone or in combination with chemotherapy, with one
or more masticatory muscles on the radiation field and who
had percentile higher than 40% in the Karnofsky Performance
Status Scale (KPS)*. 2) exclusion criteria: individuals who had
performed surgical intervention to remove the tumor in any
of the mastication muscles, presenting facial palsy, trigemi-
nal neuralgia or herpes zoster, patients in treatment with
brachytherapy, patients who were receiving physical therapy,
who have not performed any of the stages of the study and who
refused to participate in the study.

Data from 32 patients were collected, being five patients
lost to follow-up due to interruption of the radiotherapy as
requested by the physician (n=1) and for abandonment of the
treatment with irradiation therapy in the above-mentioned
institution (n=4). One patient was excluded from the study for
not being assessed in the last follow up. This study had a final
sample of 26 patients. The data collection was concluded in
July 2010.

Data collection

All patients who started the RT in HSR received informa-
tion, in group, about the treatment by the nursing staff. In these
groups, patients who met the inclusion criteria of the study
were identified and the informed consent form was presented
to them. After signing the consent form the data collection was
initiate.

Each patient individually underwent to a brief initial inter-
view and variables such as age, family history of cancer, smok-
ing and alcoholic habits, as well as how long they have being
smoking and/or drinking, classification by KPS scale, which is
a scale of functional performance used in the prognosis of can-
cer therapy”, and type of feeding”* were collected. Data such
as tumor location, histological type of tumor, tumor stage®,
associated chemotherapy, radiation field and dose per session
of RT were collected from the patient’s chart for future correla-
tions and characterization of sample.

The data collection from the physical examination aimed to
assess the variables mouth opening without pain (MO), maxi-
mum mouth opening (MMO), right lateral excursion (RLE), left
lateral excursion (LLE) and protrusion (PR) of the jaw followed
the instructions and specifications of the clinical examination
of the Protocol of Diagnostic Criteria of Temporomandibular

Disorders (RDC/TMD)?. The physical examination was always
carried out by the same examiner, who was familiarized with
this protocol, in three different time points: before the begin-
ning of the RT, time 0 (T0); between 14" and 17" session, time 1
(T1) and immediately after the last session of the RT, time 2
(T2). Variables such as type of feeding and KPS scale were also
evaluated at each time points.

All patients were treated with irradiation therapy by pho-
tons in parallel pairs or wedge angle with daily dose from 1.8 to
2 Gy until the end of treatment of approximately seven weeks.
The total dose of the RT ranged from 50 to 70 Gy.

The present study was approved by the Ethics in Research
Committee of the Centro Universitdrio Metodista do Insti-
tuto de Porto Alegre (IPA) (Porto Alegre, RS, Brazil, number
393/2009), and by the Ethics in Research Committee of the
ISCMPA, protocol 031/10.

Statistical Analysis

The collected data were stored in the Microsoft Excel 2003.
To characterize the sample, the categorical variables of this
study were described through absolute and relative frequen-
cies; the continuous variables, through means and standard
deviations for those that presented a normal distribution, and
median and interquartile ranges in case of asymmetric distri-
bution variables. The Shapiro-Wilk test was used to verify the
normality of data. The comparison between physical examina-
tion variables in the three different time points was verified by
the ANOVA for repeated measures followed by Bonferroni test
or, when appropriate, by its correspondent non-parametric
Friedman test followed by Wilcoxon test. The comparison
among the physical examination variables and disease stage,
type of feeding and radiation field was obtained by the one-
way ANOVA test followed by Tukey test, and the variable
chemotherapy was compared with the variables of physical ex-
amination by the Student ¢ test. Correlations were performed
through Pearson correlation test. The statistical program used
was SPSS, version 17.0. The significance level was set at a=0.05
for all statistical analyses.

Results

In relation to the variable gender, all 26 (100%) participants
of this study were male. The volunteers’ age ranged between 45
and 74 years old, with a mean age of 59.0 (SD=8.8) years. Re-
garding the distribution by race, there were 20 (76.9%) Cauca-
sians, five (19.2%) Afrocaucasian and one (3.9%) melanoderm.
Regarding social habits, 26 (100%) were smokers, with smoking
mean time duration of 37.4 (SD=12.7) years, and 19 (73.1%)
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participants reported regular intake of alcohol, with mean time
duration of 29.5 (SD=13.0) years. With regards to the family his-
tory of cancer, 13 (50%) have reported family history of cancer
and 13 (50%) were not sure or had no cases of cancer in the
family. Patients’ distribution according to the tumor location,
tumor histological type and tumor stage is shown in Table 1.

Regarding the comparison of the variables of the physical
examinaton in the three different time points, there was a sta-
tistically significant reduction on the values of MO, MMO and
LLE. There was also observed a statistically significant reduc-
tion in relation to KPS scale (Table 2).

There was a moderate positive statistically significant corre-
lation among the reduction of the KPS scale and the decreased
of MO (r=0.39; p=0.048) and MMO measurements (Figure 1).

The analysis of the radiation fields shows that there was a
tendency of the oropharynx and mouth fields present a greater
reduction of mouth opening (Table 3). If oropharynx and mouth
fields are combined and compared with the other radiation fields,
it can be observed a statistically significant reduction in both, MO
(p=0.005) and MMO (p=0.004) measurements. There were no sta-
tistically significant differences (p>0.05) among tumor staging and
both MO and MMO measurements.

With regards to the type of feeding in TO all patients reported
oral food intake being the food in the normal consistency; in

Table 1. Patients distribution by tumor location, tumor histological
type and tumor stage.

T1, seven (26.9%) patients remained with normal feeding; 11
(42.3%) reported eating only food in pasty consistency and
eight (30.8%) patients informed feeding exclusively for nasoen-
teric tube feeding (NTF). In T2, data about the type of feeding
were the same as in T1.

Comparison between the variation of MO and MMO mea-
surements according to the type of feeding showed values sig-
nificantly lower of MMO measurement in patients who used
NTF (Table 4).

Regarding the use of chemotherapy (cisplatin), 13 (50%)
participants had used it combined with the RT. When the pa-
tients who underwent chemotherapy are compared with those
who did not realize this therapy there was no statistically sig-
nificant difference (p>0.05) on the variation of MO and MMO
measurements.

There was no statistically significant association between
the total dose of radiation and the reduction of MO (r=-0.111;
p=0.591) and MMO (r=-0.164; p=0.423) measurements.
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Difference in maximun mouth aperture after radiotherapy

Variables n (%) o o
Larynx 12 (46.2) o
Oropharynx 10 (38.9) 15,00 1
Mouth 8(30.8) °
Hypopharynx 4(15.4) | r=0.435; p=0.026
Nasopharynx 1(3.8) Rl . . . . . .
Squamous cell carcinoma 25(96.2) -4000  -30.00 2000 -10.00 0.00 1000 2000
Undifferentiated Carcinoma 1(38) Difference in Karnofsky Scale after the radiotherapy
Stage | 1(3.8)
Stage Il 4 (15.4) Figure 1. Pearson’s correlation.
Stage Il 5(19.2)
g}age :xg 13 g‘gig Table 3. Mouth opening variation according to the radiation field.
age ]
d Variables A MO=MO-M2 p* AMMO=MO-M2  p*
Oropharynx -13+4.2 -11.5+7.8
Table 2. Comparison of the variables from the physical examination at Larynx -5.2+7.4 0.059 -5.3+6.3 0.059
three follow up times points. Hypopharynx 0.00.0 -2.0<0.0
Variables T0 T T2 P MOUth -10.0+4.7 -11.0+1.7
MO 367:104"  342:1140  322s98 (006"~ Dranageareas  -21+52 2845
MMO 40.9+10.6° 38.7+12.1° 35.9+10.2*  0.001* The values of MO: Mouth Opening and MMQ: Maximum Mouth Opening are expressed as
RLE 8 (5-10) 8 (4.8-10) 55(3.8-85) 0.133** means and standard deviations. *Anova ong-way.
LLE 9(6.8-10)° 8 (5.0-10)? 8(3-10  0.006** . . . . .
PR 5 E2.8-8.3)) 4 52.0_5_0)) 4 22-6.3)) 0.154** Table 4. Mouth opening variation according to the field of feeding.
KPS 83.1+13.5 75.8+13.3 7271480 0.001* Variables A M0=MO0-M2 p* A MMO0=MO0-M2 p*
The values of MO: Mouth opening; MMO: maximun mouth opening and KPS: Kamnofsky Normal 0.6+38 '0-613-6bb
Performance Status scale, are expressed in means and standard deviations. The values of Pasty -4.2+5.8 0.057 ~5.6+5.0¢ 0.031
NTF -8.4+74 -7.9+6.22

RLE: right lateral excursion; LLE: left lateral excursion e PR: protrusion are expressed as
medians and interquartile ranges *ANQOVA for repeated measurements **Friedman test.
a0 |gtters are not significantly different by the Bonferroni test or Wilcoxon p<0.05.

The values of MO: Mouth Opening e MMO: Maximun Mouth Opening are expressed as means and
standard deviations.*Anova one-way. a,b: same letters do not differ by the Tukey test (p<0.05).
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Discussion

In relation to gender, age and race, the present results
support the results existent in the literature, which showed a
higher incidence of H&NC in males®*”*'*%2, with predominance
of individuals between the 6™ and 7" decade of life***** and
Caucasian®'>*.

Regarding the social habits all participants of this study
declared themselves smokers and 73.1% and consumed alco-
hol, which strengthens the association between the intake of
alcohol and tobacco for the development of H&NC*"34, Half
of sample of the present study reported to have family history of
cancer indicating that genetic predisposition may also be a
risk factor for H&NC as shown in recent studies"***.

The predominant histological type in this study was the
squamous cell carcinoma, which is in agreement with the sta-
tistics of INCA? and with other studies***. With regards to the
anatomical site larynx tumor was the most prevalent in this
study disagreeing with epidemiological studies that indicate
predominance of cancers of the oral cavity***. Such disagree-
ment may be explained due to the previous studies surgical
patients were also included and in the present study patients
with mouth cancer who require surgical procedures that em-
brace the masticatory muscles® were excluded of the study. In
relation to the patients’ distribution by tumor staging, 46.2%
presented IVA stage. The literature shows high incidence of ad-
vanced stage H&NC at the moment of the clinical diagnosis®

Our results demonstrate that the RT significantly reduces
the measure of MO and MMO over the course of the radio-
therapy as reported in the study of Goldstein et al.”. Some au-
thors, however, obtained different results, finding the presence
of trismus only after nine weeks and six months of the end of
the RT®%. These discrepancies in the literature may be related
with bias of retrospective data collections and with the vari-
ability in the evaluation form and definitions of trismus. Many
authors**have adopted as a measure of trismus a MO lower
than 35 mm, while other authors**have adopted the measure
of 40 mm. Another study® considered as criterion for trismus a
MO lower than 35 mm in dentulous patients and a MO lower
than 40 mm in edentulous patient. There is also no consensus
on how to evaluate the mouth opening. It can be performed
with a millimeter ruler, Will s compasses or calipers®.

The present study used a millimeter ruler for the measure-
ments, as recommended by RDC/TMD* and had not established
a cutoff point for trismus. We consider to be more accurate to
evaluate the variation of measurement of the mandibular move-
ments at different time points, thus if there were any restrictions
of these movements already (inherent to the individual or due
to the tumor) it was identified before the beginning of the RT
allowing therefore, that only the alterations in consequence

of the irradiation were analyzed. Many patient with head and
neck cancer already present before the beginning of RT limited
MO due to tumor invasion in the masticatory muscles or due
to spasm reflex of these muscles'®***2 This symptom tends to
relieve or disappear during the course of the irradiation therapy,
but it may reappear gradually in case of radiation-induced fibro-
sis in the masticatory muscles*.

The LLE measure showed statistically significant reduc-
tion. Due to the patients in this study had received radiation
therapy in parallel pairs or in angled wedge, this reduction
could be attributed to the unequal application of irradiation
on parallel fields in patients who received bilateral radiation,
as the uneven application on parallel opposed fields results
in radiation-induced trismus on the side that received more
irradiation according to the study of Wollin, Gilbert and
Kagan®. Since in the present study the application method of
the RT was not controlled and the radiation doses were not
calculated for the specific muscle groups, it is not possible
to affirm that such outcome is due to uneven application of
radiation on parallel fields, being this difference occurring
by chance. Prospective studies controlling the application
of the RT on parallel fields should be carry out to determine
whether the unequal application results in radiation-induced
trismus on the side that have received more irradiation.

Technological advances in radiotherapy have been increas-
ing the survival of patients with tumors' demonstrating the
importance of taking in consideration the impact of RT on
functional and cosmetic aspects®. Our results demonstrated
a significant reduction on the patients’ functional status in the
middle of the treatment, as have been reported in other study®.
There was a positive correlation among the reduction in KPS
scale and reduction of MO and MMO measurements, i.e. the
patients that have presented a greater reduction the MO mea-
surement were the ones who had the worst level of physical
performance, which corroborate with the literature'®. There is a
need for a global physical rehabilitation in order to benefit the
functionality of oncologic patients.

The region where the tumor is irradiated is known as ra-
diation field. The core of the tumor receives the dose prede-
termined by the radiotherapist and the surrounding tissues
receive lower doses of irradiation'®. Our results showed that the
radiation fields of oropharynx and mouth presented a greater
reduction of the MO and MMO measurements. This occurs be-
cause in these fields the main jaw elevator muscles (masseter
and medial pterygoid)® are in the path of the radiation beam
receiving higher doses of radiation, which may lead to fibrosis
of these muscles and generate radiation-induced trismus, cor-
roborating with the literature®"42,

In the study of Johnson et al.%, patients who presented
greater MO restriction were the patients with more advanced
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disease staging. This finding conflicts with the results of the
present study, which demonstrate no statistically significant
difference between the variation of the MO and MMO mea-
surements and the tumor stages. According to some studies'"’,
tumors that have the same clinical staging may demonstrate
different patterns of evolution, suggesting that adverse re-
actions of RT require the analysis of other complementary
factors.

According to some studies®***% from 50 to 60% of patients
with H&NC have a relatively impaired feeding due to factors
such as sore throat, dysphagia, xerostomy, ageusia, among
others, and a significant involuntary weight loss becoming
extremely necessary the enteral feeding tube. In this study,
30.8% of the patients fed through NTF since the middle of ra-
diotherapy, and 42.3% had to change the consistency of food
at the same period. Our results demonstrated that patients
who fed trough NTF had greater MMO restriction compared
to patients who remained feeding orally. The mandibular hy-
pomobility caused by the use of NTF accelerates the degenera-
tion of the muscles and the temporomandibular joint caused
by RT®. Several studies have reported the use of chewing gum
for the treatment of trismus'®*. Thus, it may be supposed that
the chewing had a preventive function on the MO restriction in
patients who remained feeding orally.

In the organ preservation therapy, chemotherapy combined
with RT is frequently used nowadays". In this study, half of
patients had chemotherapy combined with RT. Researchers re-
port that the combination of these treatments presents greater
benefit for the tumor control, on the other hand, it increases
the toxicity to the body resulting in excessive side effects'*. In
our results, however, chemotherapy combined with RT did not
increase the incidence of MO and MMO restrictions, confirm-
ing the findings of Louise’s Kent et al.°.

In the present results there was no association between to-
tal dose of RT and MO restriction. Individuals who received the
same total dose of RT showed different MO pattern, corrobo-
rating with some studies®*”. Factors as radiation field, patient’s
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