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miCroCirCulatory alterations in patients 
With oropharynGeal CanCer 
after radiation therapy: a possible 
Correlation With muCositis?

a b s t R a C t  — Background: Patients affected by several 
forms of malignant neoplasms receive chemotherapy (CT) 
or radiation therapy (RT). These treatments can cause many 
side effects, such as oral mucositis (OM).
Mucositis is the most frequently occurring early side effect 
of conservative treatment of patients with malignant tumors 
in the head and neck, and it is registered in more than 60% 
of cases. It occurs due to the effect of chemotherapeutic 
drugs on the cells of the mucous membrane, which causes 
their death, and to a greater extent, due to the effect of 
ionizing radiation on the endothelium of the blood vessels 
and the basal cells of the mucous membrane the submucosa. 
Objectives: To assess the correlation between the 
indicators of hemomicrocirculation of the oral mucosa and 
the intensity of the clinical manifestations of oral mucositis. 
Materials and Methods: This study included 48 
patients who had a morphologically confirmed diagnosis of 
squamous cell carcinoma and received radiation therapy at 
National Medical Research Radiological Centre (Moscow, 
Russia). Results: It was found that, in all the subgroups, 
the severity index of mucositis National Cancer Institute 
(NCI) clearly correlated with the indicators of the flow 
of microcirculation through the study area at point A 
(r = -0.85, -0.99 and -0.77). At point A, blood perfusion 
in the study of hemomicrocirculation in all the subgroups 
18–44 g in Ia, 45–59 g and 60–74 g in Ic was the opposite 
of the value of the severity of mucositis. A strong negative 
correlation was found between the severity of mucositis and 
the perfusion index at point B in subgroup Ia : (r = -0.99) 
along with, a moderate inverse correlation in subgroups Ib 
(r = -0.69) and Ic (r = -0.36). At point B, a strong inverse 
correlation was found in subgroups Ib and Ic (r = -0.72 
and -0.65, respectively), and a moderate inverse correlation 
was found in subgroup Ia — NCI where r = -0.32. 
Conclusions: There is a negative correlation between the 
indicators of hemomicrocirculation of the oral mucosa and 
the severity of oral mucositis. It was found that the higher 
the lesions of the microvasculature, the lower the intensity 
of mucositis. These data have important prognostic value 
and make it possible to recommend the determination of 
hemomicrocirculation as a screening test.

K e Y w o R d s  — mucositis, oral cavity, radiation therapy, 
microcirculation, correlation.
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b a C K G r o u n d
Patients affected by several forms of malignant 

neoplasms receive chemotherapy (CT) or radiation 
therapy (RT). These treatments can cause many side 
effects, such as oral mucositis (OM).

Mucositis is the most frequent early side effect 
of conservative treatment of patients with malignant 
tumors in the head and neck, and it is registered in 
more than 60% of cases. It occurs due to the effect of 
chemotherapeutic drugs on the cells of the mucous 
membrane, which causes their death, and to a greater 
extent, due to the effect of the ionizing radiation on 
the endothelium of the blood vessels and basal cells of 
the mucous membrane, the submucosa.

The pathogenesis of OM provides for a vascular 
phase at the onset of lesions in the oral cavity, but 
the literature lacks data on the correlation between 
OM and the changes in microcirculation in the oral 
cavity. Avanesov A.M. described the dependence 
of the hemomicrocirculation indices in the oral 
mucosa in patients diagnosed with squamous cell 
carcinoma of the oropharyngeal region on the sever-
ity of clinical manifestations of mucositis (2018) 
(5). Other researchers have assessed the perfusion 
of the oral mucosa by monitoring and quantifying 
the density of the capillaries before and after the 
administration of CT and RT in cancer patients 
(Gvozdikova E.N. 2017) (8). This study shows that 
there is a relationship between the state of hemomi-
crocirculation of the oral mucosa and the intensity 
of oral mucositis.
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Objective: 
to assess the correlation between the indicators of 
hemomicrocirculation of the oral mucosa and the 
intensity of the clinical manifestations of oral mu-
cositis.
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m a t e r i a l s  a n d  m e t h o d s 
This study included 48 patients who had a 

morphologically confirmed diagnosis of squamous 
cell carcinoma and received radiation therapy. All the 
patients underwent treatment at the Department of 
Radiotherapy, National Medical Research Radiologi-
cal Centre (NMRRC), Russian Federation. All the 
patients were divided into 3 age groups:

Ia — patients from 18 to 44 years of age
Ib — patients from 45 to 59 years of age
Ic — patients from 60 to 74 years of age.
The average age of the patients was 53 years. The 

patients comprised 32 men and 16 women. Ib was the 
largest group, and 28%.

Localization of malignant neoplasms was domi-
nated by lesions of the tongue (13%), the bottom of the 
oral cavity (8.3%), the upper jaw (7%), the oropharynx 
(45.8%), the nasopharynx (7%), and the tumors of 
other localizations (lesions of the lip, cheek, and alveo-
lar ridge of the lower jaw) accounted for 18.9%.

The division into subgroups was based on the 
voluntary consent of the patients to follow the recom-
mendations of the dentist and to use the prescribed 
treatment regimens for the prevention and treatment 
of mucositis in the presence of radiation. All the 
patients of the subgroups Ia, Ib, and Ic received daily 
local dental treatment according to the following 
guidelines:

1. During irradiation, patients should avoid con-
suming hot, spicy, solid food and alcohol and should 
stop smoking.

2. They should brush their teeth using a soft-
bristled brush 2 times a day (morning and evening). 
Patients are advised to use a paste without irritating 
substances, such as toothpastes manufactured for ba-
bies. The use of dental floss (dental floss) is prohibited.

3. They should rinse their mouth with broths of 
sage, chamomile, and long-acting drug Tonsinal 6–8 
times a day. After eating, they should rinse their mouth 
with antiseptic solutions of Chlorhexidine (0.05%) or 
Miramistin (0.01%). After rinsing, it is recommended 
to apply castor oil to the mucous membrane of the 
mouth for moisturization. The use of alcohol contain-
ing rinses for the prevention and treatment of mucosi-
tis is contraindicated.

4. They should moisturize their lips with petro-
leum jelly and hygienic lipstick 3–4 times a day.

5. The use of removable dentures is not recom-
mended since it can lead to excessive irritation of the 
mucous membrane and increase the pain syndrome. 
The use of partial or complete dentures should be 
minimized or avoided.

6. They should ensure daily applications of CM-1 
plates and Pharmadont 1–2 plates (which were pre-

scribed depending on the severity of clinical symp-
toms) 2–3 times a day.

7. The control of the level of individual hygiene 
and measurement of hemomicrocirculation for each 
stage of radiation therapy should be as follows: before 
irradiation, 0–20 Gy, 22–40 Gy, 42Gy, and more, and 
after irradiation, at the dentist.

To determine the parameters of microcirculation, 
48 patients of the 1st group were checked before and 
after undergoing radiation therapy and administered 
with doses at the rate of 0–20 Gy, 22–40 Gy, 42 Gy 
and more during its various stages. Measurements were 
taken at four randomly selected points: A — mucous 
membrane of the alveolar gums in the area of teeth 11 
and 21; B — the mucous membrane of the lower lip in 
the projection of the site of the infestation; C — the 
mucous membrane of the cheek in the projection of 
teeth 16 and 17; D — the mucous membrane at the 
bottom of the oral cavity in the projected area where 
the tongue was attached with the help of the Appara-
tus Lacc M device (2nd version) (refer to Fig. 1) in the 
dental office of the NMRRC.

Fig. 1.  Apparatus Lacc M (2nd version)

The apparatus Lacc-M light guide analyzer en-
sures the delivery of probe radiation from the laser to 
the research area and its transport to the photodetec-
tors of radiation reflected from the tissue containing 
silica in serum.

While interacting with tissue, the reflected signal 
contains a component produced by the reflection 
from the moving red blood cells, which is propor-
tional to the speed of movement (Doppler effect). The 
amplitude of the signals in the device is formed by 
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all erythrocytes located in the probing region, which 
move at different speeds and with different numbers 
and are distributed in the arterioles, capillaries, venules, 
and arteriovenular anastomoses. At the output of the 
LACC 02, a signal is formed, which is an indicator of 
microcirculation PM):

  
 PM = Ner × Vсr
where Ner is the number of erythrocytes in the probe 
volume, Vcr is the average rate of erythrocytes.

The state of microcirculation was assessed ac-
cording to several parameters with the help of Laser 
Doppler flowmetry (LDF)

M — the average value of the microcirculation 
indicator, i.e., the average blood flow in a given time 
interval in perfusion units, which characterizes the tis-
sue hemomicroperfy;

σ — the root mean square deviation of the ampli-
tude of the oscillation of the blood flow, and it reflects, 
among other things, the elasticity of the wall of the 
blood vessel

Kv — the coefficient of variation, i.e., the ratio 
of σ to M, and it is the most objective parameter that 
allows the assessment of the state of microcirculation 
as a whole.

Given the small number of observations, the 
statistical processing was carried out by using the sign 
test (a non-parametric method).

Ethical approval for our study was obtained (No. 
0318) from the Ethics Committee of the Institute of 
Medicine, Peoples’ Friendship University of Russia, 
Moscow, Russia.

r e s u l t s  a n d  d i s C u s s i o n
The results are presented in Tables 1, 2, 3, and 4.
It was found that, in all the subgroups, the sever-

ity index of mucositis NCI clearly correlated with the 
indicators of the flow of microcirculation through the 
study area at point A: NCI — subgroup Ia (r = -0.85); 
NCI — subgroup Ib (r = -0.99) NCI — subgroup 
Ic (r = - 0.77). The (Pearson) correlation coefficient 
was close to -1, which means that there was a strong 
negative correlation between the variables. In other 
words, at point A, blood perfusion in the study of 
hemomicrocirculation in all the subgroups 18–44 in 
Ia, 45–59 in Ib and 60–74 in Ic was opposite to the 
value of the severity of mucositis. It was found that the 
severity of mucositis will decrease with the increase in 
blood perfusion in the study of microcirculation. 

The results of the ratio of the severity of mucosi-
tis to the hemomicrocirculation index at point B are 
presented in Table 2.

A strong negative correlation was found between 
the severity of mucositis and the perfusion index at 

point B in subgroup Ia (r = -0.99), and a moderate in-
verse correlation was found in subgroups Ib (r = -0.69) 
and Ic (r = -0.36).

Table 3 shows that at point C, a strong inverse 
correlation was found between the severity of mu-
cositis and the hemomicrocirculation indices in the 
subgroups Ib and Ic (Ib — NCI: r = -0.72, Ic — NCI: 
r = -0.65) and a moderate inverse correlation was 
found in subgroup Ia (Ia — NCI: r = - 0.32). This 
indicates that at point B, the increase in the severity of 
mucositis, which we found in the patients in subgroup 
Ia, was higher than that in the rest even though the 
microcirculation indices in all the subgroups tended to 
recover. The frequency and severity of oral mucositis 
in subgroup Ia changed more slowly. This suggests that 
other factors also affected the microcirculation indices 
in the buccal mucosa in the projection of teeth 16 and 
17 in subgroup Ia.

As can be observed in Table 4, the correlation 
coefficient for all the subgroups has negative values. 
However, in group Ia, the intermediate values were 
close to 0 (r = -0.04), which indicates a weak cor-
relation between the severity of mucositis and the 
indicators of hemomicrocirculation in the mucous 
membrane of the floor of the mouth in the projec-
tion of the frenulum attachment site language. 
However, in subgroup Ib — NCI: r = -0.5 and Ic — 
NCI: r = -0.73, there was a strong negative correla-
tion. This indicates a strong relationship between 
the indicators of hemomicrocirculation of the blood 
vessels and the intensity of clinical manifestations of 
oral mucositis.

C o n C l u s i o n
The comparative analysis of the effectiveness of 

local treatment, depending on the age of the patients, 
demonstrated a higher efficiency of dental support in 
the age groups of 18–44 years and 45–59 years and a 
lower efficiency in the age group of 60–74 years.

It was found that radiation therapy causes changes 
in the hemomicrocirculation of the tissues of the oral 
mucosa. The tissue perfusion rates were reduced by 
up to 50% depending on the age group. After dental 
support, there was a 12.4% decrease in subgroup Ia, 
a 24.5% decrease in group Ib and a 33.4% decrease in 
subgroup Ic.

There is a negative correlation between the 
indicators of hemomicrocirculation of the oral 
mucosa and the severity of oral mucositis. The higher 
the lesions of the microvasculature, the lower is the 
intensity of mucositis. These data have important 
prognostic value and make it possible to recommend 
the determination of hemomicrocirculation as a 
screening test.

d e N t i s t R Y
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Measurement 
point Subgroups Before radiation 

therapy 0–20 Gy 22–40 Gy 42 Gy 
and more After treatment Correlation 

coefficient (r)

Point A

Ia (18–44 years) 44.70 32.28 34.19 31.08 34.03
-0.85

NCI 0 0.89 0.67 1.11 0.22
Ib (45–59 years) 35.78 23.94 25.13 23.66 26.23

-0.99
NCI 0 0.29 0.21 0.36 0.07
Ic (60–74 years) 24.55 13.94 16.29 12.95 15.61

-0.77
NCI 0 0.73 0.55 0.91 0.18

Table 1.  Hemomicrocirculation at point A versus NCI severity of oral mucositis

Measurement 
point Subgroups Before radiation 

therapy 0–20 Gy 22–40 Gy 42 Gy 
and more After treatment Correlation 

coefficient (r)

Point B

Ia (18–44 years) 19.51 14.82 15.72 13.87 16.73
-0.99

NCI 0 0.89 0.67 1.11 0.22
Ib (45–59 years) 20.48 10.48 16.14 11.77 14.95

-0.70
NCI 0 0.29 0.21 0.36 0.07
Ic (60–74 years) 18.11 5.45 9.08 6.33 7.02

-0.36
NCI 0 0.73 0.55 0.91 0.18

Table 2.  Hemomicrocirculation at point B versus NCI severity of oral mucositis

Measurement 
point Subgroups Before radiation 

therapy 0–20 Gy 22–40 Gy 42 Gy and 
more After treatment Correlation 

coefficient (r)

Point C

Ia (18–44 years) 20.07 14.02 15.97 14.16 17.29
-0.32

NCI 0 1.78 1.33 1.44 1.56
Ib (45–59 years) 18.32 9.49 16.39 10.74 13.82

-0.72
NCI 0 0.57 0.43 0.46 0.5
Ic (60–74 years) 18.11 10.53 17.42 10.18 13.09

-0.65
NCI 0 1.45 1.09 1.18 1.27

Table 3.  Hemomicrocirculation at point C versus NCI severity of oral mucositis

Measurement 
point Subgroups Before radiation 

therapy 0–20 Gy 22–40 Gy 42 Gy and 
more After treatment Correlation 

coefficient (r)

Point D

Ia (18–44 years) 16.50 12.42 13.88 11.80 14.44
-0.04

NCI 0 1.56 1.11 1.44 1.67
Ib (45–59 years) 14.87 5.91 12.39 8.26 10.76

-0.50
NCI 0 0.5 0.36 0.46 0.54
Ic (60–74 years) 11.63 5.95 9.52 7.00 7.74

-0.73
NCI 0 1.27 0.91 1.18 1.36

Table 4.  G-point hemomicrocirculation index versus NCI severity of oral mucositis

d e N t i s t R Y
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d i s C u s s i o n  o f  t h e  r e s u l t s 
There is no gold standard for cancer treatment. 

Cancer treatment usually includes surgery, RT, CT, 
or a combination of these on an individual basis. The 
administration of these agents can determine the 
onset of oral lesions such as oral stomatomucositis (4). 
The risk factors leading to the development of oral 
post-radiation mucositis are versatile: chronic alcohol 
consumption, cigarette smoking, low body mass index 
(BMI < 18.5) as well as concomitant diseases, such as 
diabetes mellitus, hypertension, and atherosclerosis.

This study showed that the PM microcirculation 
index in patients varies unevenly throughout the entire 
stage of radiation and/or chemotherapy. An increase in 
microcirculation indices reached the maximum point 
at a dose of 20–28 Gy, which corresponded, on aver-
age, to the first clinical manifestations of oral mucositis 
in the patients (hyperemia and swelling of the mucous 
membrane), followed by a decrease in the indicator to 
values that were 49.6% less than the initial values.

In our study, we noted that there is a negative 
correlation between the indicators of hemomicrocir-
culation of the oral mucosa and the severity of oral 
mucositis. The higher the lesions of the microvascula-
ture, the lower is the intensity of mucositis. These data 
have important prognostic value and make it possible 
to recommend the determination of hemomicrocircu-
lation as a screening test.
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