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Assessment of heat provocation tests on the human
gingiva: the effect of periodontal disease and smoking
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Periodontal inflammation is associated with morphological changes in the blood vessels which may influence the
regulation of gingival blood flow (GBF). Our aim was to adapt the heat provocation test to the human gingiva to
assess vascular reactivity in periodontal inflammation. Method: GBF was recorded by Laser Doppler Flowmetry
before and after heat provocation in healthy volunteers (n = 50). Heat was generated either by warm saline or a
halogen lamp. The latter method was also utilized for a heat test in non-smoking and smoking patients with
periodontal inflammation. The circulatory parameters were correlated to the inflammatory marker, i.e. gingival
crevicular fluid (GCF) production measured by Periotron. Results: Local application of heat caused a rapid,
significant and transient increase in GBF regardless of the method used. The increase in the speed and not in the
concentration of moving blood cells was responsible for increased GBF. Higher GCF values were correlated with
increased peak flow, flux pulse amplitude and faster restoration of GBF after the test in non-smokers, but not in
smokers. Conclusions: The heat test could be a valuable tool to check the vascular reactivity of gingival vessels.
Moderate periodontal inflammation may facilitate gingival vascular responsiveness which can be suppressed by
smoking.
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Periodontitis is an inflammatory disease of tooth supporting tissues. It affects approximately
75% of the population. Severe periodontitis was identified as the 6™ most prevalent condition
in the Global Burden of Disease Study 2010 coordinated by the Institute for Health Metrics
and Evaluation, affecting 11% of the global population (32). Twenty years ago over 95% of
the Hungarian population was reported to have some kind of periodontal disease (5), and five
years ago this figure was still as high as 88% (14). Therefore, periodontal disease is a major
burden on the society in Hungary. For this reason, and because periodontal disease has been
associated with an increased risk of major systemic diseases, such as coronary heart disease,
stroke, diabetes and osteoporosis (18, 30), there is an urgent need for improving the treatment
of periodontitis.

When the gingiva is inflamed dental biofilms release bioactive substances (51), which
induce a host response in the gingiva and in periodontal tissues. Vascular changes and
remodelling in periodontitis were reported to affect the progression of the disease (61, 62).
Some vascular changes including the dilation of vessels, the formation of tortuous looping
structures and the development of high endothelial cells could promote the defence mechanism
against bacteria, however, the formation of perivascular hyaline material and the accumulation
of basement membrane rests may assist the progression of periodontitis (61). Interestingly,
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the thickening of the basal lamina around microvessels occurs just as in the case of diabetes
mellitus (DM) (56, 59). In DM patients, microvascular complications in other organs, e.g.
neuropathy, nephropathy and retinopathy, were found to be associated with the presence of a
more severe inflammatory pathology of periodontal tissues (49). A recent study (53) found
decreased post-occlusive reactive hyperaemia in the gingiva of a diabetic rat compared to a
healthy one and this response was further reduced by experimentally induced periodontitis.
However, there is no direct evidence for the impairment of vascular reactivity in the human
gingiva in periodontitis and/or DM.

Similar to DM, smoking has a negative impact on periodontal status (21). Smoking has
distinct acute and chronic vascular effects (6, 34, 38), but no data are available on the effect
of smoking on vascular reactivity in periodontitis.

In order to investigate vasoregulatory changes in periodontitis or in systemic conditions
such as DM or smoking, a vascular reactivity test has to be elaborated for the human gingiva.
Vascular reactivity could be assessed by various provocation tests including iontophoresis of
vasoactive molecules, post-occlusive hyperaemia or heat challenge (28, 48). It should be
possible to apply the test easily and non-invasively in the oral cavity without any discomfort
to the patient, furthermore, it should be short enough to use it routinely for high-throughput
clinical investigations. As surgical intervention is a common treatment in periodontitis, the
test should not interfere with wound healing. Among vascular reactivity tests the heat
provocation test seems to be an appropriate method meeting these requirements.

The aim of the present study is to set up a heat provocation test applicable in clinical
practice in terms of application technique, reversibility and time. In the second part of the
study heat tests are evaluated on subjects with a gingiva affected by inflammation of varying
severity. In our experiment, subjects were divided into smoking and non-smoking groups
to explore the possible interaction of smoking and inflammation with regard to the
microcirculation of the gingiva.

Materials and Methods

This study was performed on randomly chosen, systematically healthy incoming patients of
the Department of Conservative Dentistry at Semmelweis University, Budapest, Hungary.
Exclusion criteria were pregnancy, general diseases, long-term medication (except for
contraceptives) and the use of antibacterial or anti-inflammatory medication. All participants
(n =50) were provided with a complete explanation of the procedures allowing them to give
an informed consent. The study was performed in accordance with the Helsinki Declarations
and was approved by the Regional and Institutional Ethics Committee (034310/2014/0TIG).
All patients agreed to participate in the study and gave their written informed consent.
Blood flow to the gingival margin (GBF) was measured by Laser Doppler Flowmetry
(780 nm; MoorLAB; Moor Instruments Ltd, Devon, UK). Laser Doppler instruments measure
net red blood cell flux (Flux): the product of the average speed of the blood cells (Speed) and
the concentration of moving red blood cells (CMBC). Blood perfusion readings were made
at rest in a room with steady ambient temperature (26 °C). Subjects were forbidden to brush
their teeth, gargle or eat and drink anything for 30 minutes prior to the measurements. Each
patient was placed comfortably in supine position in a dental chair and was left undisturbed
for a minimum of 15 minutes before any measurements were taken. The lips were retracted
with a set of cheek retractors. Care was taken to ensure that the mucosal surface adjacent to
the site of recording remained unstrained. A straight laser Doppler probe (outer diameter:
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1.5 mm; Moor Instruments Ltd, UK) was attached to the flowmeter and directed 1 mm apical
to the mid-buccal gingival margin at perpendicular angle, without touching the gingiva. The
probe was positioned using a steel manipulator anchored in a custom-made silicone occlusion
block. The laser Doppler flowmeter was connected to a computer and the readings were
recorded by data acquisition software (MoorSoftMoorLab v2.01, Moor Instruments Ltd,
Devon, UK). Blood perfusion was recorded with a sampling rate of 40 measurements per
second and averaged by seconds.

Systemic blood pressure (systolic and diastolic) and the heart rate were recorded by an
automated blood pressure monitor (Omron M4; Omron Healthcare Inc., Kyoto, Japan). In all
experiments the blood pressure was measured before and after the blood flow recordings and
the mean arterial blood pressure (MAP) was calculated.

Gingival crevicular fluid (GCF) inflammatory marker production was measured using a
crevice fluid meter (Periotron 8000; Ora Flow Inc., NY, USA) by means of measuring the
change in the electrical capacitance of filter paper strips (Periopaper; Ora Flow Inc., NY,
USA), expressed in Periotron units (PU). The Periopaper was gently inserted into the gingival
sulcus for 10 seconds to collect extravasation.

The effect of warm saline on GBF in the healthy gingiva

This experiment was performed on nine non-smoking volunteers with a healthy gingiva.
Blood flow was recorded before, during (30 s) and after dropping 2 ml of pre-warmed (44 °C)
sterile saline solution on the marginal gingiva right next to the laser Doppler probe. Baseline
GBF was recorded for 1 minute. The recording of gingival perfusion was continued for an
additional 5 minutes after carrying out the test.

The effect of light-induced heat on GBF in the healthy gingiva

This experiment was performed on twelve non-smoking volunteers with healthy gingiva.
Heat was generated on the gingiva using a dental curing light (IvoclarVivadent AG,
Liechtenstein, 35W) from which the light filter was removed. The light guide was directed to
the marginal gingiva at a distance of 1.5 cm. GBF was recorded before and 5 minutes after
heat provocation which was applied for 80 seconds on the marginal gingiva around the laser
Doppler probe. GBF and blood pressure were recorded in a similar way as in the first set of
experiments with the exception that GBF could not be recorded during the application of
light as it interfered with the laser Doppler measuring signal.

The effect of periodontal inflammation on heat-induced hyperaemia

in non-smokers and smokers

This group was composed of twenty-nine volunteers with a periodontal condition of varying
severity, from healthy to suffering from a moderately severe inflammation assessed by a GCF
reading (0—71). These patients were also systemically healthy based on the same exclusion
criteria as above and separated into two groups: smokers (n = 11) and non-smokers (n = 18).
Prior to blood flow measurements GCF production and blood pressure were measured as
above. As in the previous set of experiments, GBF was recorded for at least 1 minute before
and 5 minutes after the application of heat induced by light. The following circulatory
parameters were calculated to characterize the individual heat response curve: maximum
absolute change (MAX), maximum percentage change from baseline (MAX%), the time to
decrease to one third of the MAX% corresponding to the speed of recovery after hyperaemia
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(RT, chosen due to differences in the position where the end of the curve returns) and the area
under the curve from the start of recording after heat stimulation to the point of RT (Area).
Average gingival flux pulse amplitude (GFPA) was also calculated at baseline (GFPA-bsl)
and the first 15 seconds after heat provocation had been completed (GFPA-heat).

Statistics

For data with normal distribution (MAP, baseline GBF, MAX, MAX%, GFPA) the mean and
+ standard error of the mean (SEM), the median and the interquartile range for non-normal
distribution (age, GCF, RT, Area) were calculated. Alterations in the circulatory parameters
as a function of time (repeated measurement factor) were statistically evaluated by the
analysis of variance (ANOVA). The circulatory values of various periods were compared to
the baseline period by Dunnett’s test.

The parameters of smoking and non-smoking groups were compared either by parametric
T-test (MAP, MAX, MAX%, GFPA) or by non-parametric Kruskall-Wallis test (age, GCF,
baseline GBF, RT, Area), depending on the distribution of the data and homogeneity of
variances (Levene’s test). The relationship between MAP and GBF was examined calculating
the Pearson correlation coefficient. For the correlation between age, GCF, MAX, MAX%,
RT, Area and GFPA the Spearman test was used.

An alpha value of p < 0.05 was used for all statistical analyses. Statistical evaluation was
carried out using statistics software (Statistica; StatSoft Inc., Tulsa, OK, USA).

Results

The effect of warm saline on GBF in the healthy gingiva

The average MAP of this group of patients was 107 + 4 mmHg. The Flux value represents
GBF and in our experiments we recorded the components of the flux (CMBC and Speed)
separately as well in order to better characterize the vascular changes in the gingiva after the
heat challenge. The application of warm saline to the buccal gingiva resulted in a quick
increase in CMBC for periods of 20 s (Fig. 1). These values within this period were very
noisy, therefore we excluded from the statistical analysis as they suggest an artefact due to
the reflection of the laser light from the surface of the saline flow and/or mechanical irritation
of the dropping. At the end of heat provocation CMBC dropped to the baseline level and
remained there while the Speed and the Flux increased rapidly in parallel. Flux reached its
peak response (76 + 6.0%) 21 seconds after completing the application of heat. The percentage
mean changes during saline application; the mean values for every minute after application
are shown in Table I. Increased GBF after heat application was due solely to the increase
in the average speed of blood cells without any change in CMBC. Therefore, in further
experiments only the Flux was used to estimate GBF.

The effect of light-induced heat on GBF in healthy gingiva

The average MAP of this group of patients was 109 +£ 5 mmHg, and it did not differ statistically
from the warm saline group. The recording of GBF (Flux values) was started just after the
halogen light had been switched off as it interfered with laser Doppler measurements. The
changes in GBF after the application of light were expressed as a percentage of the baseline
and the mean change is shown in Fig. 2.
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Fig. 1. The percentage change of the flux (gingival blood flow), the speed of the moving blood cells and the
concentration of moving blood cells (CMBC) compared to the baseline during and after local application of warm
saline. The Flux value represents the blood flow in the gingival margin as calculated by the multiplication of
CMBC in the measured tissue volume and the average velocity of the cells (Speed). The mean values indicated on
the graph were calculated from nine individual experiments where 40 values were recorded per seconds and were
averaged for 1 s. The period of saline application corresponds to the width of the framed text (44°C saline).
Note that the CMBC values within this period are very noisy possibly due to the reflection of the laser light from
the surface of the saline flow and/or mechanical irritation of the dropping
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Fig. 2. The effect of light-induced heat on the mean Flux (gingival blood flow) in the gingiva of healthy subjects.
The mean values from twelve individual experiments on the graph were calculated after the 40 values recorded per
seconds were averaged for 1 s. The arrow at 0 indicates the end of light application. The recording of the Flux
started just after the halogen light was switched off as it interfered with laser Doppler measurements

Table I. Percentage mean changes of blood perfusion parameters compared to the baseline
measured by a laser Doppler instrument after warm saline treatment (mean = SEM)

Time of measurement (%)
n=9 Min 1 Min 2 Min 3 Min 4 Min 5
GBF (Flux) 56+ 4.8 *** 14+85 3+43 1£29 -1+3.6
CMBC 0+3.8 -3+23 —4+1.5 —-6+3.5 —-6+3.4
Speed 55+4.7 *** 17+7.1 7+£33 6+£25 5+£25

GBF(Flux): gingival blood flow as measured by net red blood cell flux (Flux); Speed: average speed of the blood

cells; CMBC: the concentration of moving red blood cells; *** p <0.001 from the respective baseline values

Acta Physiologica Hungarica 102, 2015




Heat provocation test on the human gingiva 181

The GBF values for each minute recoding were averaged and tested for statistical
differences to the baseline values. The value of averaged GBF was significantly higher at
minutes 1 and 2 (80 + 12%, p < 0.001 and 44 + 10, p < 0.001, respectively). After 2 minutes
GBF returned to baseline values (min 3: 15 £ 5%, NS; min 4: 8 £ 4%, NS; min 5: 7 £ 5%,
NS). The mean peak GBF value was 89 + 15% at 30 s after heat application had been finished
which is very close to the value obtained in the first experiment. The average RT time was
110 s.

Both methods were effective in inducing a rapid increase in GBF and even after
provocation was finished GBF remained at an increased level long enough for data acquisition.
This was an important criterion as both methods interfered with laser Doppler measurements,
hindering recording during the provocation test. The application of warm saline was
technically more demanding and sometimes run-off fluid caused discomfort to the patient
resulting in movement artefacts. Therefore, in further experiments we opted for heat-induced
light for the heat test.

The effect of periodontal inflammation and smoking on heat-induced hyperaemia

There were no significant differences observed between the non-smoking and the smoking
group in terms of most of the baseline values such as age (26 (24-41) years vs 25 (24-28)
years), MAP (116 £ 4.2 vs 113 £ 3.8 mmHg), GCF (10 (5-24) PU vs 3 (2-10) PU), GBF-bsl
(172 (143-312) Flux vs 213 (166-238) Flux), MAX (415 + 41 Flux vs 450 £+ 52 Flux),
MAX% (101 + 12% vs 112 + 15%) and Area (10 (6—17) vs 14 (11-18)). On the other hand,
there was a significant difference in RT values between the two groups (85 s (55-105) vs 115
s (75-155), p < 0.05). GFPA was 68 + 7 Flux at baseline and increased to 114 £+ 10 Flux (p <
0.001) after heat provocation in non-smokers and similarly changed from 79 + 9 Flux to 117
+ 12 Flux (p < 0.001) in smokers. Smoking itself did not influence absolute GFPA values. No
change was observed in relative GFPA values (GFPA-heat/GFPA-bsl) after the application of
heat in the non-smoking group (40 + 3% vs 40 + 3%), but in the smoking group relative
GFPA decreased significantly after the heat test (44 + 5% vs 37 + 4%, p < 0.05), indicating a
significant (p < 0.05) interaction between the effect of smoking and heat test.

There was no correlation observed between the GBF values measured before heat
provocation (baseline GBF) and the MAP of patients in either the non-smoking or the
smoking group (» = 0.13, NS and » = —0.44, NS, respectively). As there was no change in
MAP before and after heat provocation, the GBF values were used for further comparison
instead of vascular resistance or conductance. The correlations of circulatory parameters to
age or GCF are shown both for the non-smoking and the smoking group in Table II. No
significant correlation was observed to age in any groups. No correlation was found between
GCF and baseline GBF but a moderate positive correlation was found between GCF and the
absolute value of the maximum increase in GBF (MAX) due to heat in the non-smoking
group only and not in the smoking group. Similarly, GFPA was highly correlated to GCF
values both in the baseline period (GFPA-bsl) and after heating (GFPA-heat) only in the non-
smoking group. No correlation was observed between GCF and relative GFPA in either
period or group (data not shown). A strong negative correlation was found between GCF and
RT (r = —0.64, p < 0.01) in non-smokers, but the same correlation was not found in the
smoking group.
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Table II. Correlation coefficients of age and GCF to the GBF parameters in non-smokers and smokers

bsl MAX | MAX% RT Area Bsl-GFPA | Heat-GFPA
Non-smokers | age 0.13 -0.02 -0.27 -0.28 -0.43 0.32 0.04
GCF 0.44 0.48# -0.05 —0.64## | —0.43 0.657# 0.697#
Smokers age -0.32 -0.43 -0.56 0.06 —0.15 -0.09 -0.20
GCF -0.14 -0.04 0.39 -0.18 -0.24 -0.31 —0.14

MAX: the maximal absolute change of gingival blood flow (GBF) after the application of light-induced heat;
MAX%: maximal percentage change relative to the baseline; RT: the time needed to decrease to one third of
MAX%, representing the speed of recovery after hyperaemia; Area: the area under the curve from the start

of recording after heat stimulation to the point of RT; GFPA: the average gingival Flux pulse amplitude was
calculated at baseline (GFPA-bsl) and the first 15 seconds after heat provocation had been completed (GFPA-heat);
#p<0.05;## p<0.01

Discussion

We found that a short application of heat on the human gingiva resulted in a temporary
increase in GBF. To the best of our knowledge, there are only two references in the literature
on the application of a heat test on the human gingiva. Similarly to our results, after a hot
water flush, a hyperaemic response was observed by Baab et al. (3) measured by Laser
Doppler Flowmetry and the application of hot water produced a significant increase in pulse
amplitude in the healthy gingiva measured by reflection photoplethysmography (20).
However, neither the characteristics nor the mechanism of the vascular changes have been
described yet.

The mechanism of vasodilation after a heat challenge in the skin is extensively researched
(25, 35, 48). Thermal hyperaemia in the skin is characterized by a biphasic increase in skin
blood flow. A rapid initial peak is observed within 1 to 2 minutes after the onset of heat
application, which mostly depends on a local sensory nerve axon reflex since it can be
significantly attenuated by local anaesthesia (1). The initial peak is followed by a prolonged
plateau which mainly depends on the release of nitric oxide (4, 36). It should be noted that in
our experiment only one peak was observed which may be explained by the short application
of heat (30 s or 80 s) contrary to skin experiments where it is continuous throughout the
measurement whereas, with our technique, recording is not possible during the application of
heat. Another difference compared to the skin is the magnitude of the response. In the human
skin it is possible to bring about even a 10-fold increase by the application of 42 °C heat
without a pain stimulus, however, based on our results in the human gingiva the increase was
less than 2-fold. Subsequent application of light (for a total of 300 s) is able to induce a
further dose-dependent increase in the GBF (data not shown), but the maximum response
was only 3-fold, already accompanied by slight pain in some of the patients. The pain itself
could evoke nerve-mediated vasoregulatory alterations which may interfere with heat-
induced vascular control mechanisms. Therefore, the pain-induced component of GBF
increase has to be avoided during the heat test.

Interestingly, the increase in GBF after heat application was solely due to the increase in
the average speed of blood cells without a change in CMBC. By contrast, for the skin, most
studies found little or no increase in velocity but did so in CMBC (9, 60). Fredriksson et al.
used velocity-resolved quantitative Laser Doppler Flowmetry in the skin and found that
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blood flow, in parallel with CMBC, greatly increased during local heat provocation in the
high-velocity region but not in the low-velocity region (10). Based on these findings they
concluded that increased flow due to heat provocation is shunted from the artery to the vein
side. In the healthy gingival tissue the microvessels supplying the marginal gingiva run
perpendicular to the outer surface forming long hairpin capillary loops (8, 39, 40). They
receive their arterial blood supply mainly from the vessels from the periosteum of the alveolar
process running parallel to the epithelium. In our experiments the laser Doppler probe was
positioned perpendicular to the surface of the gingival margin where Laser Doppler
Flowmetry was used to measure the capillary flow of the blood cells moving mostly parallel
to the laser beam. We assume that the increase in flow observed in the terminal capillaries
was due to proximal arteriolar dilation without opening new capillaries which resulted in an
increase in the speed without a change in CMBC. Theoretically, the relatively larger dilation
of the arterioles than that of the venules could also contribute to the selectively increased
Speed observed. The main function of the increased flow after heat stress is to eliminate
excessive local heat, but the metabolic demand of the tissue does not require the opening of
inactive capillaries.

The differences in thermal response (magnitude and speed) between the skin and the
gingiva may be explained by higher thermal conductance and by the lower basal temperature
of the skin. Furthermore, the basal cutaneous blood flow is far less than that of the oral
mucosa (22) and this could interpret the higher increase in skin. One of the fundamental roles
of skin blood flow control is the thermoregulation of the body. However, the gingiva does not
have such a function. It should rather have its own defence mechanisms against heat stress
which may be activated during the consumption of hot food or during smoking. Overall, the
gingiva seems to have a distinct thermoregulatory mechanism, but further human and animal
studies are required to understand the vascular regulatory mechanism in the gingiva
subsequent to a thermal challenge.

Heat challenge to the skin is usually applied using a thermostatic heating probe device
made of solid metal (13, 41, 47). But this method is not practical in the case of the gingiva
because its surface is curved; in addition, the heating device could mechanically compress
the thin gingival tissues including vessels. We used two relatively simple clinically applicable
techniques, namely warm saline and light-induced heat provocation. We have found that both
methods can be applied on the human gingiva with distinct benefits. Warmed saline is
routinely applied in the oral cavity as a daily rinse after tooth extraction to prevent alveolar
osteitis (43) and it may improve oedema as well by stimulating lymphatic circulation (52).
Based on our experiments, local warming can have additional benefits after oral flap surgery
as it may increase blood flow in the low perfused flap, especially after augmentation
procedures. However, dropping saline on the gingiva may cause mechanical stimulation on
the mucosa which may also interfere with the examination method while the spreading fluid
can cause a certain degree of discomfort to the patient and may also interfere with Laser
Doppler Flowmetry. Light-induced heat has advantages in experimentation as it involves no
mechanical stimulation, causes no discomfort and allows for a better timing of heat application
(start and end). Despite similar peak responses light resulted in a prolonged increase in GBF
which is possibly due to the deeper penetration of heating light beams and to the longer
stimulus.

In this pilot study we also investigated the relationship between blood flow in the
marginal gingiva and periodontal inflammation. No correlation was found between
periodontal inflammation and GBF at rest. Studies investigating the effect of periodontal
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inflammation on the basal gingival blood flow found conflicting results. Some animal studies
(16, 23) demonstrated increased blood flow in the inflamed gingiva involving bone loss.
However, in the same species, Baab and Oberg (2) found no significant correlation between
the gingival index, GCF and blood flow and the elimination of the inflammation did not result
in a decrease in blood flow either. In humans, experimentally induced gingivitis resulted in
decreased blood flow to the gingiva (11, 33) whereas developed gingivitis resulted in
increased blood flow (11). GBF at rest was found to be smaller in periodontitis patients
compared to the reference subjects (34) and the treatment of gingivitis (58) or periodontitis
(15) reduced blood flow. One possible explanation for conflicting results is variations in
gingival blood flow as a function of time and the location of the laser Doppler probe. Temporal
variation related to biological variation may be influenced by many physiological factors in
addition to the inflammation, such as circadian rhythm (54), blood pressure (50), temperature
(20) or tooth brushing (11, 45, 55). Furthermore, although no data are available about the
effects of disinfectant mouth rinses, eating and drinking on GBF they may also influence the
recordings. That is why we kept all these factors standardized before and during the
measurements. To overcome this problem and to better control the temporal and spatial
variation of blood flow, a relative functional measurement, the heat provocation test was
implemented on the gingiva instead of an absolute one. As a result of the application of heat
of standard temperature a relationship was revealed between inflammation and gingival
circulation. In contrast to GBF at rest, the MAX value, the GFPA-bsl and the GFPA-heat
values were found to be positively correlated to GCF. GBF also returned to the level measured
at rest more quickly in the case of more severe inflammation. These findings suggest that the
heat provocation test could be a useful tool to detect vascular changes in periodontal
inflammation.

Similarly to our results, faster recovery of the blood flow after cooling was found in
periodontitis (2) but according to another study (37) the temperature of the gingiva seems
to recover slower in periodontitis. These data suggest that the observed shorter vascular
response after a thermal challenge does not necessarily mean better thermoregulation;
instead, regulation can be impaired as well. As we could not measure the surface temperature
of the gingiva during the provocation test we cannot draw a conclusion on whether
thermoregulation was changed by the inflammation. However, we found that increased GCF
is accompanied by increased absolute MAX GBF which suggests that increased flow may
eliminate the excess heat more quickly. It is also possible that the precondition effect of the
continuous inflammatory insults may also facilitate gingival vascular responsiveness.
Furthermore, in periodontitis there is an increase in vascular density with more dilated and
collateral vessels than in the healthy gingiva which is a possible explanation for the higher
magnitude of heat-induced hyperaemia and faster recovery in the case of periodontal
inflammation (26, 61, 62).

An increasing number of studies have suggested that cutaneous circulation can serve as
a model for generalized microvascular dysfunction (17, 28, 35) which can be an early sign of
disease before the chief symptoms appear (19, 27-29). Whether the vasodilatory function of
gingival microvessels can be used as a substitute measurement for the small vessel function
in the same manner as in the skin model (17) needs further investigation, but our implemented
heat provocation test could be a way to test this in human subjects. Our results are in concord
with the findings of an animal experiment (53) where both the periodontal inflammation and
diabetes per se influenced gingival vascular reactivity; therefore, we need to carefully
distinguish between the effects of local inflammation and the systemic conditions.
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Our results have shown that smokers have similar GBF values at rest as non-smokers.
Similarly, other studies found no difference in the GBF at rest of non-smoking and smoking
periodontitis patients (34). However, smoking cessation improved GBF and restored GCF to
the normal non-smoker level in chronic smokers (38) suggesting that smokers may have
reduced gingival blood flow. Unfortunately, comparison was not performed with a non-
smoking group. We found similar extent of the vasodilation after heat challenge in gingiva of
smokers and non-smokers. This is another difference to the skin where the vasodilation after
heat provocation is attenuated in smokers, possible due to the decreased nitric oxide
availability in smokers (7). In our study the blood flow recovered slower after heat stress in
smokers from the similar MAX values and contrary to the non-smokers heat decreased
relative pulse amplitude, furthermore correlation of blood flow parameters with GCF were
diminished. However, the lower range of GCF values in our smoking subjects might be the
reason for our findings as the GCF could be reduced by smoking per se both in healthy and
inflammated periodontal tissue comparing to the respective non-smokers group (31, 46, 57).
This suggests that smoking may suppress the symptoms of inflammation (12). Previous
studies (42, 44) have showen that the GCF volume serves as an index for the extent of
periodontal destruction and the severity of clinical inflammation, but may be not in the
smokers. The limitation of the present study is that only GCF measurement was used for
assessing the current degree of inflammation, regardless of the classification of the periodontal
disease (gingivitis, chronic periodontitis or aggressive periodontitis) and previous treatment,
if there was any. Thus according to the present pilot study we cannot conclude that there is a
vascular impairment in gingiva in smokers even though we found some differences in
vascular parameters. The clinical classifications of the periodontitis tend not to be correlated
to tissue and molecular reactions (24) and call for the setup of a new biologically based
model for the classification of periodontal disease. Using one of these novel molecular
methods to correlate the vascular reactivity to the severity of the disease may answer this
question in smokers.

Conclusions

Local functional heat challenge tests could be useful methods to examine the vascular
reactivity of the gingival tissue. The light induced thermal test seems to be more advantageous
under clinical conditions than the warm saline induced one. Compared to the skin, the
increase in GBF after heat provocation is much smaller and, interestingly, only the increase
in the speed of flowing blood cells are responsible for it and not the increase in their
concentration. Furthermore, periodontal inflammation promotes increased peak flow and
faster restoration after heating in non-smokers, but not in smokers. Our data suggest that
moderate periodontal inflammation may facilitate gingival vascular responsiveness which,
however, is suppressed by smoking. At the same time, as smoking itself is able to suppress
the clinical symptoms of periodontal inflammation (including GCF), further investigations
are needed to compare the vascular reactions of non-smokers and smokers with a more
detailed biological classification of periodontal disease status based on molecular markers.
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