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Abstract
Background. Within the oral cavity, the coexistence of
injury, infection, and the activity of toxic agents from
denture material can give rise to proliferative lesions
of the mucous membrane. Most frequently, such
proliferations are excised with the CO, laser. Aim of
the study. To model wound healing after laser therapy
and to indicate the moment for introducing prosthetic
treatment following excision of the pathological lesion.
Materials and methods. The tests were conducted in
a group of generally healthy patients with stomatitis
diagnosed in the oral vestibule. Surgery was carried
out with the CO, laser. The examination procedure
consisted of microcirculation measurements before,
immediately after, and on days 1, 2, 3, 4, 7, 15, and 30
after the procedure with the use of the laser Doppler
flowmeter. Results. Differences in the blood supply
in particular measurement periods were reported.
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Streszczenie
Wstep. W zakresie jamy ustnej wspoldziatanie urazu
mechanicznego, infekcji patogenami oraz udzial
czynnika toksycznego pochodzqcego z materiatu
protez moze stanowic o powstaniu zmian rozrostowych
blony sluzowej. W wigkszosci przypadkow tego rodzaju
zmiany rozrostowe sq wycinane z zastosowaniem lasera
CO,. Cel pracy. Celem pracy byto okreslenie schematu
gojenia rany po zabiegu laseroterapii oraz wskazanie
wlasciwego czasu podjecia leczenia protetycznego
po zabiegu wyciecia zmiany patologicznej. Material
i metoda. Badania przeprowadzono w grupie
pacjentow, ogolnie zdrowych, u ktorych rozpoznano
w sklepieniu przedsionka zmiany rozrostowe. Zabieg
chirurgiczny przeprowadzono przy uzyciu lasera
CO,. Procedura badawcza obejmowata pomiary
mikrokrqzenia przed zabiegiem, zaraz po zabiegu
orazw 1, 2, 3, 4, 7, 15, 30 dniu po zabiegu przy uzyciu
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gojenie, mikrokrgenie, laser (O, przeptywomierz laserowo-
-dopplerowski
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From the duration determined, it can be indicated that
healing takes sixty days. Conclusions. 1. The tests
allowed a description of the pattern of healing. 2. The
analysis indicated the thirtieth day of healing as the
proper moment to introduce prosthetic treatment.

Introduction

Infectious diseases, material reactions, and
the irritating activity of mechanical agents can
cause the development of pathologies of tissues
of the prosthetic base directly connected with
the wearing of dentures. Such lesions are called
stomatitis prothetica. They may affect removable
or fixed dentures, as well as those supported by
endosseous implants and dental restorations.!-
Stomatitis prothetica generally covers the mucous
membrane of the oral cavity, and occasionally
dental tissues. Due to the different clinical picture
and the etiopathogenesis of stomatitis prothetica,
conservative treatment, surgery or prosthetic
surgery are typically conducted. During surgical
therapy, the standard procedure of excision of the
lesion with the scalpel, electric knife or CO, laser
is applied.> The excision of proliferative lesions
within the mucous membrane of the oral cavity
is often carried out with the CO, laser. In this
study, the process of wound healing was analyzed
following the CO, laser procedure using the Laser
Doppler Flowmetry method (LDF). This method is
based on the emission of electromagnetic radiation
and the detection of the returning light after its
repeated reflection and dispersion in the tissue.6-10
The measurement of blood supply is conducted in
real time and is continuous. The small size of the
probe enables the measurement of microcirculation
at any place on the skin or the mucous membrane.
The estimation of microcirculation in the course
of research aimed to establish a model of wound
healing following laser therapy and to indicate the
real duration of the healing process.

Materials and methods
The tests were conducted in a group of twenty
patients registered for prosthetic treatment at

laserowego  przeplywomierza Dopplera.  Wyniki.
Przedstawiono roznice ukrwienia w poszczegolnych
okresach  pomiarowych.  Wyznaczono  predykcje
procesu gojenia, z ktorej wynika, iz czas trwania
procesu gojenia w grupie laserowej wynosi 60 dni.
Whioski. 1. Przeprowadzone badania pozwolily
wyznaczy¢ wzorzec gojenia rany. 2. Analiza wynikow
badan wskazala 30 dzien gojenia jako wilasciwy czas
podjecia leczenia protetycznego.

the University Dental Clinic in Krakdéw, using
extensive plate dentures. The patients had
proliferated lesions of stomatitis prothetica
hyperplastica fibrosa (SPHF) in the vestibule of
the oral cavity. The cross-sections of the lesions
were no bigger than 4 mm.

Inclusion criteria: generally healthy patients of
both genders, aged 44-90 years, who have agreed
to participate in the study.

The main exclusion criteria were determined
before the commencement of the study. They
included cardiovascular disease, which might
affect the results of the measurements made with
the Doppler flowmeter, diabetes and smoking,
which retard the healing process. Further exclusion
criteria were established and complied with
during the experiment. These were the patient’s
resignation, the occurrence of complications,
differences greater than 30% of the results of the
blood flow in three succeeding trials during the
Doppler laser flowmeter procedure, differences
greater than 15% in the whole reflected light
returning to the perfusion monitor (TB) between
the subsequent measurements.

Each time, prior to the surgical treatment,
routine mycological examination was performed,
following the procedure described by Loster et al.!!
The result showed whether to introduce hygienic
recommendations or mycological treatment. To
excise the proliferate lesion, the CO, laser from
the Centre of Laser Technology in Warsaw was
applied. This is a pulse mode laser, model CTL-
1401 (Warsaw, Poland, 1995), with a wavelength
of 10,600 nm. The following laser parameters
were employed: the proliferation was removed
by resection (7 W); the remaining structures were
smoothed using the lower power laser (3 W). The
frequency ofthe laserbeam was SHzand the impulse
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duration was 0.1 sec. The examination procedure
for each patient included the following sequence
of visits: 1. history taking, physical examination,
photographic documentation, impression taking
in order to obtain a diagnostic model and
preparation of the stabilizer for the measuring
probe, 2. microbiological swab collecting, 3.
estimation of the microbiological test results;
hygienic, therapy recommendations, 4. blood
pressure measurement, LDF measurement before
the procedure, performance of the procedure under
local anesthesia, blood pressure measurement, LDF
measurement after the procedure, photographic
documentation. 5. The next visits on 1, 2, 3, 4,
7, 15, and 30t day after the operation involved
the following procedures: history taking, physical
examination, blood pressure measurement, LDF
measurement and photographic documentation.
Blood supply measurements were carried out
with a PeriFlux System 5000 Laser Doppler
Flowmeter from Perimed (Sweden, 2006)
connected to a computer for analysis. For the
tests, the measurement mode of the PF 5010
Laser Doppler Perfusion Monitor, with the
PeriSoft software for Windows, Version 1.30
were used. The results were obtained in relative
units (perfusion unit, PU). At the same time,
total backscatter (TB) measurements were
collected. To unify the examination procedure in
the Laser-Doppler method, proper measurement
conditions were applied to ensure stability and
repeatability of tests. The patients were informed
of the necessity to abstain from coffee, tea, and
alcohol two hours before the examination. They
were also submitted to a 20-minute acclimation
in order to balance circulatory parameters. The
blood supply measurements were conducted at
19-25°C and at a humidity of 50%-70% due
to the greater stability of perfusion under such
conditions. During the microcirculation recording,
air movement in direct contact with the probe
was avoided, and no lighting of the operating
field was applied. The patient was in a stable,
comfortable, half-lying position. The tests were
performed using individually prepared stabilizers
for the measurement probe. The designed probe
stabilizer consisted of the denture plate, covering

the prosthetic field, and two symmetric elements,
namely the prolongations of the rim towards the
vestibule of the oral cavity. The experiments were
conducted within the proliferate lesion, and on
the next testing days inside the wound. At the
same time, the measurements were executed at the
control point, within the healthy mucous membrane
on the other side of the dental arch. All the clinical
examination procedures were performed by the
same dental practitioner (JR).

The subject of each analysis included the
sinusoidal curve of variable amplitude and
frequency modulated by an overlapping
oscillation mainly from the cardiovascular and
respiratory system. To perform the analysis, the
most constant period of time for the measurement
was chosen as 5 minutes. Next, the general report
from the measurement of the blood supply to the
tissue was prepared using PeriSoft for Windows
Version 1.30. Using the calculated average value
of PU, the next stage of the calculations was
carried out.

Using average values of PU measured at the
lesion (PU,) and at the control point (PU) —
the physiological mucous membrane on each
testing day — the coefficient of change in flow
for the particular testing day was calculated:

1

PU = X 100%

Where:
PU 1is the PU coefficient
PU, is the average value PU at the lesion

PU, is the average value PU at the control
point

The procedure during the experiment was
consistent with the principles of the Helsinki
Declaration. The research was carried out with
the consent of the Bioethics Committee of the
Jagiellonian University (KBET/205/B/2010 from
25 November 2010).
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Statistical analysis

Alicensed copy of Statistica 10 software assisted
in the statistical analysis of the results. At the first
stage, the results were analysed with the use of
descriptive statistics. The distributions of particular
variables were tested using the Shapiro-Wilk
test and presented graphically and in numerical
form. Empirical distributions of qualitative
variables were described by giving absolute
numbers and relative frequencies (percentages).
Empirical distributions of quantitative variables
were presented by giving the average values,
standard deviations, and minimal and maximum
values. The significance of differences between
the two independent distributions of qualitative
variables was tested with the chi-squared test.
The significance of the differences between two
distributions of quantitative variables was tested
using Student’s t-test for comparing independent
groups. Testing groups of a normal distribution
was carried out with Student’s z-test, while groups
of distribution inconsistent with the normal were
tested with the Mann-Whitney U test.

Table 1. Clinical characteristics of the testing group

The prediction for the completion of the process
of healing was produced by extrapolating the
model of nonlinear exponential regression adapted
to the empirical data. The results of the prediction
were presented in the form of a chart giving
predicted average values. Results whose value
of the testing probability (p) was smaller than
0.05 were recognized as statistically significant.
The relationships between variables were also
measured with the Spearman rank correlation test.

Results

In Tables 1 and 2, the characteristics of the
testing group are presented. The youngest person
who took part in the measurement was 44 years
old, while the oldest was 90. The average age in the
laser therapy group was 65.57 years. The dominant
number of females over the number of males is
noteworthy. 80% of the laser therapy group was
female. Most patients (50%) were characterized
by good adaptation to recently used dentures. Only
5% of patients indicated that there was a lack of
adaptation to their dentures. The shortest duration

Variable Descriptive statistics — parameters
. \ Standard Normal distribution (Shapiro—Wilk
Average Minimum value ~ Maximum value -
Age in years Deviation fest)
65.57 44.65 90.40 10.20 W=0.94 p=0.25
Males Females Statistical significance
Gender
4 (20%) 16 (80%) p<0.01
Adaptation Good Prolonged Statistical significance
fo dentures 10 (50%) 9 (45%) 1 (5%) p<0.01
Duration of Average Minimal value ~ Maximal value S1updgrd Statistical significance
denture usage (in Deviation
years) 12.95 2 11.01 n<0.001
Hygiene Good Satisfactory Statistical significance
of oral cavity 5 (25%) 9 (45%) 6 (30%) p<0.05
Scarce growth Intermediate  Infensive growth e
Yeuszh No yeast growth ) grouth (++ (+44) Statistical significance
o 2 (10% 5 (25% 10 (50%) 3 (15%) p<0.0]
664 http://www.istoma.com
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Table 2. Relationship between hygiene of oral cavity and yeast growth in patients in the laser therapy group: Spearman rank correlation

Yeast growth
Hygiene
No yeast growth  Scarce growth (+)  Intermediate growth (++)  Intensive growth (+++)

6ood number of people 0 3 2 0

% of group 0% 15% 10% 0%

) number of people ] 1 7 0

Safisfactoy —'of oroup 5% 5% 35% 0%
Bad number of people ] 1 1 3

% of group 5% 5% 5% 15%
The Spearman rank correlation R=-0.32;p=0.17

of denture use at the time of surgery was two years,
and the longest was forty. Bad hygiene was an
issue in 30% of cases, and good hygiene in 25%.
A yeast growth occurred in the majority (90%) of
patients. Intermediate growth was most frequent
(50%).

The analysis of the Spearman ranks did not
reveal a relationship of hygiene of the oral cavity
with yeast growth in patients using plate dentures
(R=-0.32, p=0.17). This is presented in Table 2.
Table 3 presents the measurement of normality
of the distribution of the PU coefficient. The
distribution of the PU coefficient was normal in

Table 3. Measurement of normality of distribution of the PU coefficient

the case of measurements of microcirculation
immediately after the procedure and on days 1,
2,4,7, 15, and 30 after the procedure (p>0.005).
Attention should be drawn to the smallest
average values of the PU coefficient immediately
after the excision of the proliferation (29.07%) and
the largest average values of the PU coefficient on
day 7 after the procedure (217.95%). It should be
also underlined that there is a higher average value
of PU coefficient on day 30 after the procedure, as
compared with the initial measurement conducted
before the procedure (Tab. 4; Fig. 1). During
the measurement performed before the surgical

Normal distribution (Shapiro—Wilk test)

Day of measurement Normality of distribution
Test result Statistical significance

Before surgery W=09 p=0.04 -

Immediately after surgery W=0.97 p=0.75 Normal
Day 1 after surgery W=0.96 p=0.63 Normal
Day 2 after surgery W=091 p=0.08 Normal
Day 3 after surgery W=0.88 p=002 -

Day 4 after surgery W=0.98 p=096 Normal
Day 7 after surgery W=0.96 p=0.60 Normal
Day 15 after surgery W=0.93 p=0.16 Normal
Day 30 after surgery W=0.97 p=0.70 Normal

http.//www.jstoma.com
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Table 4. Descriptive statistics of the PU coefficient in the days after testing

ORI Aveoruge N\inimgl value Maximoal value Stupdgrd The st.utisﬁcal
(%] %] (%l Deviation confidence
Before surgery 112.05 82.11 170.21 24.98 11.40
Immediately after surgery 29.07 9.95 52.33 11.09 4.74
Day 1 after surgery 78.89 27.96 132.96 25.70 10.98
Day 2 after surgery 169.68 86.03 22112 30.11 12.86
Day 3 after surgery 126.85 66.35 168.26 24.58 11.21
Day 4 after surgery 167.25 113.82 227.36 26.18 11.18
Day 7 after surgery 217.95 167.20 264.66 29.33 12.53
Day 15 after surgery 163.33 123.27 190.66 19.62 8.38
Day 30 after surgery 127.75 90.42 161.25 15.84 6.76
> £ »
o] — 60
Micociculton measurements 2o 0 . Times[zays] " . P

Fig. 1. Distribution of the change in flow coefficient in subsequent
testing periods.

procedure, the value of the blood flow in SPHF
was 110% of'the flow in the physiological mucous
membrane.

The assumptions of the study included the
observation of the process of healing until the
thirtieth day after the procedure. However, on the
thirtieth day, the healing was not complete. For
this reason, it was predicted that the process of
healing would be complete on around the sixtieth
day after laser therapy (Fig. 2). The prediction for
the laser therapy was described with the equation:
y =287.29-105.99*1og10(x).

Fig. 2. Prediction of the process of healing following laser therapy.

Discussion

The analysis of the system of blood supply to
the damaged biological area provides information
concerning the regenerative and recovery processes
that occur in that area. The changes in the blood
supply presented in this study as occurring within
the wound following the laser procedure were
characterized by significant dynamism. The large
decrease in the flow immediately after the procedure
is caused by the process of photocoagulation. This
causes blood to coagulate inside the vessel; the
interior of the blood and lymph vessels falls, and
vascular stasis occurs with erythrocytes present
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inside the vessel.!2 This causes the development
of coagulation necrosis of the ischemic area of the
tissue immediately following the laser activity. It
should be underlined that the CO, laser coagulates
all the vessels smaller than 0.5 mm in size, both from
the layer of the mucosa lamina and the submucosa
during the procedure of SPHF excision.!3
Changes in microcirculation are among the first
indications of a developing inflammatory process
(and the first response of the body to the trauma). In
the tests in this study, for the first twenty-four hours
after the laser therapy, a slow increase was observed
in the flow in the tissue as a result of the beginning
of first phase of healing — the inflammatory phase. A
gradual extension of the size of the vessels occurred,
as did an increase in the quantity of capillary loops,
the slowness of the blood flow, and the restrictions
in activity of the afferent blood vessels.!*!5 The
second twenty-four hours after the procedure also
covers the inflammatory phase. On this day, during
the tests, blood flow in microcirculation became
greater than that measured in the proliferation lesion
before the procedure. In this period, the increase and
development of considerably vascularized tissue
(granulated tissue) takes place. New blood vessels
are leaky, because they have underdeveloped
junctions with cells. This causes edema in the
area of inflammatory granulation tissue.!® On
the third day, the observed decrease in the flow,
compared with the values obtained on the second
day, may be caused, as Basu et al. report, by the
development of the fibrinopurulent membrane 72
hours after the procedure. This replaces surface
necrotic layers of irradiated tissue.!” The third and
fourth days introduce the second phase of healing
— the proliferative phase. A repeated increase in
the flow in microcirculation of the wound after
the laser activity was observed on the fourth day,
reaching the maximum value on the seventh day.
Many authors state that, in the process of healing,
there is a considerable increase in the flow on
day 7. Retzepi et al., having tested the changes
of the flow after the flap procedure within the
periodontium, reported an increase of over 60%
of the flow on day 7 in all testing points.!8 These
results harmonize with the statements by Ambrosini
etal., who affirmed the increase in the gingival flow

on day 7 after periosteal stimulation.!® Rendell et
al. performed measurements on the animal model
in an area of large density of arterioles and veins,
and obtained a significant increase in flow on the
circumference of the wound on day 7 after the
procedure. In their opinion, this was caused by
the activity of vasoactive factors.2? Folkman and
Shing indicate that this kind of change in the flow
is connected with the active process of angiogenesis
— the creation of vessels from the already existing
ones —as it occurs in highly vascularized granulation
tissue.2! Possibly, it is then that the most intensive
development of the inflammatory granulation
tissue takes place. In our research, the subsequent
change in the flow in the wound following the laser
activity was a decrease, because at that moment, the
activity of the fibroblasts began to predominate over
the activity of the angioblasts. The inflammatory
granulation tissue became more fibrous, while the
blood vessels underwent gradual regression. As
the results of test demonstrate in this study, the
process of healing was not yet complete on day 30.
The blood supply at that time remained at a level
higher than before the procedure. The prognostic
simulations showed that the process of healing
ends only around day 60 following the procedure.
Due to the low level of blood supply on day 30,
this moment is recommended for introducing
prosthetic treatment. Taking into consideration that
the procedure of removing the dentures lasts around
amonth, the completion of the process of prosthetic
rehabilitation coincides with the recovery of the
metabolism in the tissue subjected to the surgical
operation.

Condusion

The tests performed allowed developing a
model of wound healing after CO, laser therapy;
this can serve as a pattern of healing after the
excision of proliferations in the vault or bottom
of the vestibule of the oral cavity in patients using
plate dentures.

The analysis of the changes that occurred in the
microcirculation following laser therapy made it
possible to indicate the thirtieth day of healing as
the proper moment for introducing the prosthetic
treatment.

http.//www.jstoma.com

667



J Stoma 2015; 68, 6

Ryniewicz J., Ryniewicz W.1., Loster J.E., Rogala M., Loster B.W.

References

1. Radford DR, Challacombe SJ,Walter JD: Denture
plaque and adherence of Candida albicans to
denture-base materials in vivo and in vitro. Crit
Rev Oral Biol Med 1999; 10: 99-116.

2. Loster BW, Majewski SW, Czesnikiewicz-Guzik
M, Bielanski W, Pierzchalski P.Konturek SJ: The
relationship between the presence of Helicobacter
pylori in the oral cavity and gastric in the stomach.
J Physiol Pharmacol 2006; 57 Suppl 3: 91-100.

3. Davenport JC, Basker RM, Heath JR, Ralph
JP. Glantz PO,Hammond P: Initial prosthetic
treatment. Br Dent J 2001; 190: 235-244.

4. Wisniewska G, Loster BW, Majewski SW: [Use
of CO, Laser to Modify the Denture Supporting
Tissue in the Edentulous]. Czas Stomatol 1997; 50:
286-290.

5. Mahler P, Pouyssegur V, Rocca JP, De Moor
R, Nammour S: [Preprosthetic surgery of the
edentulous maxilla: vestibular deepening with the
aid of the CO, laser]. Rev Belge Med Dent 2009;
64: 108-113.

6. Vongsavan N, Matthews B: Experiments on
extracted teeth into the validity of using laser
Doppler techniques for recording pulpal blood
flow. Arch Oral Biol 1993; 38: 431-439.

7. Polat S, Er K, Polat NT: Penetration depth of laser
Doppler flowmetry beam in teeth. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2005; 100:
125-129.

8. Edvinsson L, Goadsby PJ, Uddman R: Amylin:
localization, effects on cerebral arteries and on
local cerebral blood flow in the cat. Scientific
World Journal 2001; 1: 168-180.

9. Roeykens H, Nammour S,De Moor R: [Use of laser
Doppler flowmetry in dentistry]. Rev Belge Med
Dent 2009; 64: 114-128.

10. Rajan V, Varghese B, van Leeuwen TG, Steenbergen
W: Review of methodological developments in
laser Doppler flowmetry. Lasers Med Sci 2009; 24:
269-283.

11. Loster BW, Loster J, Wieczorek A, Ryniewicz W:
Mycological analysis of the oral cavity of patients

using acrylic removable dentures. Gastroenterol
Res Pract 2012; 2012: 951572.

12. Vescovi P, Corcione L, Meleti M, Merigo E,
Fornaini C, Manfredi M, et al.: Nd:YAG laser
versus traditional scalpel. A preliminary histological
analysis of specimens from the human oral mucosa.
Lasers Med Sci 2010; 25: 685-691.

13. Reid R: Physical and surgical principles governing
carbon dioxide laser surgery on the skin. Dermatol
Clin 1991; 9: 297-316.

14. Egelberg J: The blood vessels of the dento-gingival
junction. J Periodontal Res 1966; 1: 163-179.

15. Hansson BO, Lindhe J, Branemark PI:
Microbascular  topography and function in
clinically healthy and chronically inflammed
dento-gingival tissues — a vital microscopic study
in dogs. Periodontics 1968; 6: 264-271.

16. Kumar V, Cotran RS, Robbins SL: Robbins Basic
Pathology. Philadelphia: Saunders; 2003.

17. Basu MK, Frame JW, Rhys Evans PH: Wound
healing following partial glossectomy using the
CO2 laser, diathermy and scalpel: a histological
study in rats. J Laryngol Otol 1988; 102: 322-327.

18. Retzepi M, Tonetti M, Donos N: Gingival blood
flow changes following periodontal access flap
surgery using laser Doppler flowmetry. J Clin
Periodontol 2007; 34: 437-443.

19. Ambrosini P, Cherene S, Miller N, Weissenbach
M, Penaud J: A laser Doppler study of gingival
blood flow variations following periosteal
stimulation. J Clin Periodontol 2002; 29: 103-107.

20. Rendell MS, Milliken BK, Finnegan MF, Finney
DE, Healy JC, Bonner RF: The microvascular
composition of the healing wound compared at skin
sites with nutritive versus arteriovenous perfusion.
J Surg Res 1998; 80: 373-379.

21. Folkman J, Shing Y: Angiogenesis. J Biol Chem
1992; 267: 10931-10934.

Address: 31-104 Krakdw, ul.Montelupich 4
Tel./Fax: +4812 4245436
e-mail: wojciech.ryniewicz@uij.edu.pl

Received: 7™ November 2015
Accepted: 24t December 2015

668

http://www.istoma.com



