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tissue after ultrasonic tooth
preparation in beagle dogs
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Ultrasonic wave technology is widely used during dental treatments.
We previously demonstrated that this method protects the gingival tissue.
However, the physiological change on the gingival microvasculature caused
by this method remains unclear. Objective: The aim of this study was to
investigate the relationship between the morphological and physiological
effects on gingival microcirculation when preparing teeth, using the
conventional dental turbine or ultrasonic method. Methodology: The
lower premolar teeth of beagle dogs were prepared along the gingival
margin by using a dental turbine or ultrasonic wave instrument. Gingival
vasculature changes were investigated using scanning electron microscopy
for corrosion resin casts. Gingival blood flow at the preparation site was
determined simultaneously by laser Doppler flowmetry. These assessments
were performed immediately (Day 0), at 7 days and 30 days after tooth
preparation. Results: At day O, in the turbine group, blood vessels were
destroyed and some resin leaked. Furthermore, gingival blood flow at the site
was significantly increased. In contrast, the ultrasonic group demonstrated
nearly normal vasculature and gingival blood flow similar to the non-prepared
group for 30 days after preparation. No significant alterations occurred in
gingival circulation 30 days after either preparation; however, the turbine
group revealed obvious morphological changes. Conclusions: Based on
multiple approach analyses, this study demonstrated that ultrasonic waves
are useful for microvascular protection in tooth preparation. Compared with
a dental turbine, ultrasonic wave instruments caused minimal damage to
gingival microcirculation. Tooth preparation using ultrasonic wave instruments
could be valuable for protecting periodontal tissue.
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Ultrasonic wave technology is commonly used
during dental treatments. For example, an ultrasonic
scaler is used for periodontal and endodontic
treatment,! whereas an ultrasonic knife is used during
oral surgery.2 Tooth preparation is typically conducted
0.5 mm under the gingival margin. When using
rotating instruments (e.g., dental air turbine), a part
of the gingiva is damaged, thereby causing bleeding.
Therefore, ultrasonic instrument is useful for tooth
preparation since it maintains the margins in better
condition.3* Furthermore, this instrument provides
sufficient dentin-cutting capacity without injuring the
marginal periodontium.> We previously demonstrated
that this method protects the microcirculatory system
in the gingival tissue.® However, its influence on the
physiology of the gingival microvasculature remains
unclear.

The gingival microvascular network has been
investigated using animals in previous research.’”
The formation of looping structures in gingival
microcirculation could protect against bacterial
invasion.® In addition, the morphology of the
microvasculature of gingival tissue has been observed
by using the India ink method.”® The corrosion resin
cast technique is widely available for observation
of blood vessels in peripheral tissues, such as the
gingival.1%13 This technique can clearly obtain an image
of the vasculature, including capillaries, by using a
scanning electron microscope (SEM). The resin cast
accurately reproduces changes in gingival circulation.*

In addition, it has been demonstrated in human
and animal studies that the gingiva blood flow can be
changed by inflammation.® The laser Doppler flowmetry
(LDF) is a non-invasive method that can be used to
estimate the hemodynamics of microcirculation, and
is an accurate and reliable method for assessing other
microcirculation characteristics. This approach is
widely utilized in pharmacological and/or physiological
areas of research involving allergy testing, wound
healing, and dermatosis.'> While the skin is possibly
the most studied organ, using LDF, it is also used
to investigate internal organs such as the kidneys,
liver, muscles, intestines, and brain.'¢-2! Furthermore,
previous reports have demonstrated that LDF is highly
reproducible and enables blood flow to be measured in
various environments.6-2! Recently, the LDF has been
applied to determine blood flow alterations with high
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reproducibility in the maxillofacial region, including the
gingival mucosa, and gingival vascular function.??-25

The aim of this study was to determine whether
ultrasonic preparation led to alterations in blood flow.
We investigated the morphological and physiological
effects of different tooth preparation methods — a
conventional dental turbine or an ultrasonic instrument
— on gingival microcirculation.

In this study, eight female beagle dogs (Oriental
Kobo, Tokyo, Japan) had clinically healthy periodontal
tissue; their teeth had undergone scaling 14 days
before the surgery. The sample size for each group was
six dogs — two dogs were operated in each day — for
both two methods of tooth preparation. The control
group (healthy gingiva) was composed by two dogs,
which received no treatment. The teeth were prepared,
as described in previous study.® Briefly, under
general anaesthesia with an intravenous injection of
pentobarbital sodium (25 mg/kg, SOMNOPENTYL;
Kyoritsuseiyaku Co., Ltd., Tokyo, Japan), the lower
premolar teeth were prepared along the gingival
margin. On one mandible, the premolar teeth were
prepared with a diamond bur (SF102R, Shofu Inc.,
Kyoto, Japan) and a dental turbine (MIJET-T Yoshida,
Tokyo, Japan) with water spray (Figure 1A); on the
other mandible, the premolar teeth were prepared
with ultrasonic waves (Suprasson P-max; Satelec,
Merignac, France) using a diamond tip (FLT tip;
Hakusui Trading Co., Osaka, Japan; Figure 1B). To
ensure that the two methods of tooth preparation were
comparable, they were performed by the same dentist.
To observe the gingival blood vessels in the healthy
gingiva, the control group (female beagle dogs,
Oriental Kobo) was not operated, aiming to observe
the gingival tissue vasculature. The control animals
were treated with chlorhexidine daily to control plaque
during the experimental period. All the experiments
with animals were conducted in compliance with
the ARRIVE (Animal Research: Reporting of In Vivo
Experiments) and the protocol was reviewed and
approved by the Animal Care Committee of Kanagawa
Dental University (Approval no. 10-0714, Yokosuka,
Japan).
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Before conducting the morphological examination,
gingival blood flow was determined at two points
(mesial and centre) of eight lower premolar teeth at the
same sites as tooth preparations using a dental turbine
(four premolar teeth on one mandible) or ultrasonic
waves (four premolar teeth on the other mandible).
Moreover, gingival blood flow was determined in the
non-prepared control animals at the equivalent sites.
All gingival blood flows were estimated using an LDF
meter (TBF-LN1; Unique Medical Co., Ltd., Tokyo,
Japan) with a laser Doppler probe with 2.0 mm of
diameter, and a calibration was performed before each
analysis by the automatic calibration system according
to the manufacturer’s instructions. These parameters
were determined immediately (Day 0), 7 days, and
30 days after tooth preparation. The output signals
from the flow meter were recorded on a computer hard
disc and displayed simultaneously on the monitor. The
recorded gingival blood flow was analyzed using data
analysis software (Chart v 4.2; AD Instruments, Inc.,
Colorado Springs, CO, USA). The determined gingival
blood flows were averaged for every bilateral dentition.

After investigation of gingival blood flow at each
time point, all animals were sacrificed by perfusion
fixation under deep anaesthesia. Morphological
procedures were conducted as described in a previous
study.® Vascular resin was injected on the day of the
operation, as well as at 7 and 30 days of experiment.
After perfusion fixation, the synthetic resin (Mercox;
Ladd Research, Williston, VT, USA) was injected from
the inferior alveolar arteries. The soft tissue was
dissolved by 5% hypochlorous acid; all specimens
were then washed thoroughly with water and freeze-
dried. After specimens had been ion-coated with
platinum palladium, they were examined using an
SEM (JSM6301F; JEOL, Tokyo, Japan). To confirm
morphological changes in the tooth surface state,
hematoxylin and eosin staining was performed
following the standard techniques and then, tissues
were observed with a light microscope (Olympus
Optical, Tokyo, Japan).

Statistical analyses were performed using GraphPad
Prism (version 6.05.; GraphPad Software, La Jolla, CA,
USA). Values are expressed as the meanzstandard
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error of the mean. Data were analyzed using the two-
way (methods of preparation x days after operation)
variance analysis, followed by the Tukey’s test. A
P-value<0.05 was statistically significant.

On Day 0 of tooth preparation, bleeding occurred
along the margin (arrows) in the turbine group.
Moreover, blood vessels were extended (Figure 1C).
In the ultrasonic group, a vascular loop (arrows) was
formed along the finishing line (Figure 1D). On Day
7, blood vessels were extended in the turbine group
(Figure 1E; arrows), whereas a vascular loop (arrows)
was formed along the finishing line in the ultrasonic
group (Figure 1F). After 30 days of tooth preparation,
a vascular loop had formed in the marginal gingiva in
both groups (Figure 1G, H); however, blood vessels
were extended in the turbine group (Figure 1H;
arrows).

To confirm the state of the tooth surface, based
on the preparation method, the cutting surface was
observed using an SEM, haematoxylin, and eosin
staining. In the dental turbine group, irregular and
lateral stripes were observed (Figures 2A and 2B).
However, in the ultrasonic group, flat and smooth
surfaces were observed (Figures 2C and 2D).

The gingiva vasculature was visible in the control
group (Figure 3). A buccolingual section of the resin
cast model was examined with a light microscope
(Figure 3A). Gingival blood vessels were attached to
the tooth surface (indicated by “E”) and vascular loops
were visible along the gingival margin (arrows). On
the buccal surface (Figure 3B), vascular loops were
attached along the gingival margin (arrows). Using the
SEM (Figure 3C), U-turn vascular loops converged at
the gingival margin (arrows) and were composed by
10-15 pum capillaries and a deeper layer consisting of
50-100 pm main blood vessels.
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In the dental turbine preparation group (Figure 4A),
the U-turn vascular loops of the gingival margin were
destroyed by the turbine bur, and the injected resin
flowed from the vessels [indicated by the asterisks
(*)] along the margin. The main vessels in a deeper
area appeared on the gingival surface. Regarding the
remaining blood vessels, the U-turn vascular loops
of the attached gingiva were visible on the buccal
side. A dilated or large diameter vascular network
was observed, which indicated that parenchymatous
defects in the vascular loop of the marginal gingival
were induced by turbine preparation.

In the ultrasonic group of tooth preparation (Figure

4B), the vascular networks quite resembled those of
the control group. U-turn loops were visible in the
marginal gingiva (arrows), although the diameters
of the vessels were expanded. Round concavities
[indicated by the daggers (1)] were visible on the
blood vessels surface indicating the presence of red
blood cells.

In the dental turbine preparation group (Figure
4C), the vasculature was quite different from that of
the control group. The vessels in marginal gingiva
were thicker in diameter and formed glomerular
loops. Most glomerulus-shaped gingival vascular
loops disappeared and blood vessels had a relatively

Figure 1- An oral view of the gingival blood vessels in the turbine group and ultrasonic group. A: The diamond bur and dental air turbine.
The dentition on the one mandible was prepared by a diamond bur and dental turbine with water spray. B: An ultrasonic device using a
diamond tip. The dentition on the mandible was prepared by ultrasonic waves using a diamond tip with water. C: On Day O, in the turbine
group, blood vessels are extended with bleeding (arrows). D: On Day 0, in the ultrasonic group, a vascular loop (arrows) was continuously
formed along the finishing line. E: On Day 7, in the turbine group, blood vessels are extended (arrows). F: On Day 7, in the ultrasonic
group, a vascular loop (arrows) was formed along the finishing line. G: On Day 30, in the turbine group, an extended vascular loop (arrows)
is visible in the marginal gingiva. H: On Day 30, in the ultrasonic group, a vascular loop (arrows) was formed in the marginal gingiva
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larger diameter. In the ultrasonic tooth preparation
group (Figure 4D), thin U-turn loops were observed
in the marginal gingiva. These loops indicated the
regeneration of blood vessels.

In the dental turbine group, the blood vessels were
creating U-turn loops in the marginal gingiva (Figure
4E), these vessels were flat and thick (diameter 50-80
um). In the ultrasonic group (Figure 4F), most part of
the vascular networks were arranged regularly. The

marginal gingiva formed dense U-turn loops, which
were similar to those in the control group (diameter
10-20 pm).

Gingival blood flow at the same site that the tooth
preparation was significantly increased in the dental
turbine group immediately (Day 0, P<0.05) and
were recovered to same level observed in the control

group after 30 days of tooth preparation (Figure 5).

Figure 2- Scanning electron microscope (SEM) and hematoxylin and eosin staining observations of the prepared tooth surfaces. The
cutting surface was observed using an SEM (A, C) and hematoxylin and eosin staining (B, D). A, B: Irregular and lateral stripes are visible
in the turbine group. C, D: The surfaces are flat and smooth in the ultrasonic group

Figure 3- Resin casts of the gingival vascular network in the control group with healthy gingiva. A, B: Gingival blood vessels are attached
to the tooth surface (indicated by “E”). Vascular loops are attached along the gingival margin (arrows). C: U-turn vascular loops converge

at the gingival margin
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Figure 4- Vascular loops of the gingival margin in the turbine and ultrasonic group. A: On Day 0, in the turbine group, the injected resin
flowed from the vessels (*), and main vessels (BV) in the deeper areas are on the gingival surface. B: On Day 0, in the ultrasonic group,
the vascular networks are quite similar to those of the control group. U-turn loops were visible in the marginal gingiva (arrows). Round
concavities (1) on the surface of blood vessels indicate the presence of red blood cells (square frame). C: On Day 7, in the turbine group,
the vessels of the marginal gingiva were thicker in diameter (30—90 um; GL) and glomerular loops were formed. D: On Day 7, in the
ultrasonic group, thin U-turn loops exist in the marginal gingiva. These loops indicate the blood vessels regeneration . E: On Day 30, in
the turbine group, blood vessels consisting of flat and thick loops are in the marginal gingiva. F: 30 days after tooth preparation in the
ultrasonic group, vascular networks were arranged in a nearly normal manner

Figure 5- The effects of tooth preparation using ultrasonic or turbine on blood flow. The x axis represents the days after tooth preparation
(ultrasonic: shaded column, turbine: closed column) and the y axis the gingival blood flow. Gingival blood flow was simultaneously
determined at two points (mesial and centre) on each of the four lower premolar teeth and at the same site as the tooth preparation. These
parameters were determined immediately (Day 0), at 7 days, and at 30 days after tooth preparation. Data are presented as the meantthe
standard error of the mean (no.=6 in each method group)

*P<0.05, versus the control group.

#P<0.05, versus Day 0 of the ultrasonic tooth preparation
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Otherwise, the ultrasonic wave group had no significant
alteration in gingival blood flow in the preparation site
at Day 0 nor 30 days after preparation (Figure 5).
To record, the values of gingival blood flow were as
follows: turbine group at 7 days, 36.32 mL/min/100
g; turbine group at 30 days, 36.45 mL/min/100 g;
control group, 28.82 mL/min/100 g; ultrasonic group
at 0 days, 27.75 mL/min/100 g.

In this study, the gingival microcirculation changes
that were induced by different tooth preparation
methods were assessed by morphological and
physiological alterations. In the chronological
assessment of tissue damage after turbine or
ultrasonic preparation, morphological alterations in
the vasculature due to inflammation were apparent,
although cases may occur without remarkable traits
in gingival blood flow. Moreover, there may be no
differences in blood flow among healthy, inflamed
and in healing process gingiva. Our previous study
recently proved that functional analyses using a single
index may not be accurate and should be accompanied
by appropriate morphological analyses.??> In this
study, we demonstrated, by using morphological
and physiological approach, that ultrasonic wave
instruments cause minimal damage to gingival
microcirculation, compared with a dental turbine.

Injection methods are typically used to observe
the vasculature.®2% The arterioles in the sulcular and
junctional epithelium (JE) form a capillary network.®
Because of the vascularization importance for tissues
regeneration, it is essential to protect the marginal
gingiva during tooth preparation.® Resin leakage, which
indicates damaged blood vessels,® was widely visible
at the marginal gingiva and the JE. This situation
represented widespread gingival bleeding observed
at Day 0 as well as Day 30, after turbine preparation.
Morphological alterations by turbine preparation were
based on the finding that gingival blood flow increased
immediately after this method (Day 0 in Figure 5).

Similarly, the gingival blood flow increased on day
7; however, it was not significantly different from the
control group (Figure 5). Increased gingival blood
flow after turbine preparation was reduced on day
30; however, the gingival blood flow tended to be
higher after turbine preparation than after ultrasonic

J Appl Oral Sci.

preparation (Figure 5). These findings indicate that
the vascularization of the gingival margin network is
disrupted by turbine preparation.

However, a resin leak was detected in the JE, which
had not been in contact with the bur. A previous study
reported that blood vessels showed signs of acute
inflammation caused by heat in a tooth preparation
performed without water.?” Similar to the typical
initial pathological process of acute inflammation,
a tooth preparation causes dilation of the venular
capillaries and the formation of an endothelial gap by
inflammatory cytokines. Previous SEM studies have
shown that accelerated vascular permeability induces
a synthetic resin leak.?®?° Moreover, a dental turbine
induces pyrexia; therefore, a resin leak can occur
in the endothelium because of this gap formation.3°
Furthermore, a large number of the capillaries in the
gingival tissue are fenestrated blood vessels,® which
induce a frequent exchange of fluid. After 30 days of
preparation, glomerular loops were in the marginal
gingiva, although their structure differed from the
normal structure. This finding suggests that additional
recovery time is needed.

The ultrasonic preparation group had no bleeding
in the marginal gingiva, and the turbine preparation
group had no vascular destruction. However, some
irregularities regarding the resin cast in the gingival
surface were detected in the turbine group. Notably, the
vascular loop at the marginal gingiva was maintained
after ultrasonic preparation (Figure 4B). The increase
recorded in blood flow after turbine preparation did
not occur immediately after ultrasonic preparation;
however, gingival blood flow tended to decrease
slightly through the vessels because of damaged and
enhanced permeability after ultrasonic preparation
(Figure 4B and Figure 5). New vascular vessels begin
to grow again 14 days after the mechanical obstacles,
including tooth preparation.®283t, Normal vascular
arrangement was visible in the marginal gingiva
after 30 days (Figure 4F). Severe morphological
and circulatory alterations observed after turbine
preparation did not occur immediately in the ultrasonic
preparation (Figure 4B), and those occurred changes,
nearly recovered to the normal levels on day 7
(Figure 4D and Figure 5). These findings suggest that
ultrasonic preparation does not disturb the gingival
vasculatore, its circulatory systems nor induce the
thermal damage that occurs after turbine preparation.

A limitation of this study is that no significant
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differences were observed between groups on
days 7 and 30 after tooth preparation. This study
demonstrates the safeness of ultrasonic preparation,
and the findings are similar to those of a previous
study.® Furthermore, the operability and clinical
applicability of ultrasonic preparation were similar to
those of dental turbine. Possible damage induced by
ultrasonic preparation may have a minimal effect on
the condition of periodontal tissues. It is well-known
that the retention of a dental prosthesis on a dental
abutment after tooth preparation is closely related to
the periodontal status. Therefore, future studies are
needed to investigate whether different methods affect
the long-term retention of dental prostheses.

This study was conducted on beagle dogs with
clinically healthy periodontal tissue. The condition
of gingival tissue can be changed by factors such as
age, progression of periodontitis, and cardiovascular
disease.?? Moreover, inflammatory mediators are
involved in the homeostasis of the marginal gingiva.33
Future studies are needed to clarify the effect of these
factors on periodontal tissue.

By using multiple approach analyses, this study
demonstrated that ultrasonic waves are useful for
tooth preparations to minimize damage to the gingival
tissue. Protecting the marginal gingiva during tooth
preparation is essential since vascularization is
important for tissue regeneration. Destruction of the
JE causes periodontal disease, which suggests that
tooth preparation using ultrasonic wave instruments
is essential for protection of the periodontal tissue.
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1- Hambley R, Hebda PA, Abell E, Cohen BA, Jegasothy BV. Wound
healing of skin incisions produced by ultrasonically vibrating knife,
scalpel, electrosurgery, and carbon dioxide laser. J Dermatol Surg
Oncol. 1988;14(11):1213-7.

J Appl Oral Sci.

2- Stubinger S, Stricker A, Berg BI. Piezosurgery in implant dentistry.
Clin Cosmet Investig Dent. 2015;7:115-24.

3- Ellis R, Bennani V, Purton D, Chandler N, Lowe B. The effect of
ultrasonic instruments on the quality of preparation margins and
bonding to dentin. J Esthet Restor Dent. 2012;24(4):278-85.

4- Horne P, Bennani V, Chandler N, Purton D. Ultrasonic margin
preparation for fixed prosthodontics: a pilot study. J Esthet Restor
Dent. 2012;24(3):201-9.

5- Sous M, Lepetitcorps Y, Lasserre JF, Six N. Ultrasonic sulcus
penetration: a new approach for full crown preparations. Int J
Periodontics Restorative Dent. 2009;29(3):277-87.

6- Matsuo M, Saito M, Tamaki K, Fujiwara M. A scanning electron
microscope observation of gingival microvasculature after ultrasonic
tooth preparation. Microvasc Rev Commun. 2009;3(1):25-31.

7- Egelberg J. The blood vessels of the dento-gingival junction. J
Periodontal Res. 1966;1(3):163-79.

8- Molnar E, Lohinai Z, Demeter A, Mikecs B, Téth Z, Vag J. Assessment
of heat provocation tests on the human gingiva: the effect of periodontal
disease and smoking. Acta Physiol Hung. 2015;102(2):176-88.

9- Hock J, Niki K. A vital microscopy study of the morphology of normal
and inflamed gingiva. J Periodontal Res. 1971;6(2):81-8.

10- Matsuo M, Takahashi K. Scanning electron microscopic observation
of microvasculature in periodontium. Microsc Res Tech. 2002;56(1):3-
14.

11- Doi A, Okano M, Akagi H, Nishizaki K, Taguchi T, Murakami T, et
al. Blood vascular architecture of the palatine tonsil in the musk shrew
(Suncus murinus): scanning electron microscopic study of corrosion
casts. Anat Sci Int. 2003;78(1):62-7.

12- Macchiarelli G, Nottola SA, Vizza E, Familiari G, Kikuta A,
Murakami T, et al. Microvasculature of growing and atretic follicles in
the rabbit ovary: a SEM study of corrosion casts. Arch Histol Cytol.
1993;56(1):1-12.

13- Murakami T, Miyoshi M, Fujita T. Glomerular vessels of the
rat kidney with special reference to double efferent arterioles. A
scanning electron microscope study of corrosion casts. Arch Histol
Jpn. 1971,;33(3):179-98.

14- Kishi Y, Takahashi K, Trowbridge HO. Changes in the vascular
network of the oral epithelium and reduced enamel epithelium during
tooth eruption. Acta Anat (Basel). 1995;153(3):168-80.

15- Nilsson G, Salerud G, Stromberg T, Wardell K, Larsson M. Laser
Doppler perfusion monitoring and imaging. In: Dinh TV, editor.
Biomedical photonics handbook. Boca Raton: CRC Press; 2003. Vol.
15. p. 1-24.

16- Heidarianpour A, Sadeghian E, Gorzi A, Nazem F. The influence of
oral magnesium sulfate on skin microvasculature blood flow in diabetic
rats. Biol Trace Elem Res. 2011;143(1):344-50.

17- Scheeren TW, Martin K, Maruschke M, Hakenberg OW. Prognostic
value of intraoperative renal tissue oxygenation measurement on early
renal transplant function. Transpl Int. 2011;24(7):687-96.

18- Ichinose M, Delliaux S, Watanabe K, Fujii N, Nishiyasu T. Evaluation
of muscle metaboreflex function through graded reduction in forearm
blood flow during rhythmic handgrip exercise in humans. Am J Physiol
Heart Circ Physiol. 2011;301(2):H609-16.

19- Hiltebrand LB, Koepfli E, Kimberger O, Sigurdsson GH, Brandt
S. Hypotension during fluid-restricted abdominal surgery: effects of
norepinephrine treatment on regional and microcirculatory blood flow
in the intestinal tract. Anesthesiology. 2011;114(3):557-64.

20- Farnebo S, Winbladh A, Zettersten EK, Sandstrom P, Gullstrand
P, Samuelsson A, et al. Urea clearance: a new technique based on
microdialysis to assess liver blood flow studied in a pig model of
ischemia/reperfusion. Eur Surg Res. 2010;45(2):105-12.

8/9 2020;28:€20190145



21- Kobayashi K, Yoshino F, Takahashi SS, Todoki K, Maehata Y, Komatsu
T, et al. Direct assessments of the antioxidant effects of propofol
medium chain triglyceride/long chain triglyceride on the brain of stroke-
prone spontaneously hypertensive rats using electron spin resonance
spectroscopy. Anesthesiology. 2008;109(3):426-35.

22- Matsuo M, Okudera T, Takahashi SS, Wada-Takahashi S, Maeda
S, Iimura A. Microcirculation alterations in experimentally induced
gingivitis in dogs. Anat Sci Int. 2017;92(1):112-7.

23- Funaki S, Tokutomi F, Wada-Takahashi S, Yoshino F, Yoshida A,
Maehata Y, et al. Porphyromonas gingivalis infection modifies oral
microcirculation and aortic vascular function in the stroke-prone
spontaneously hypertensive rat (SHRSP). Microb Pathog. 2016;92:36-
42.

24- Saita M, Kaneko ], Sato T, Takahashi SS, Wada-Takahashi S,
Kawamata R, et al. Novel antioxidative nanotherapeutics in a rat
periodontitis model: reactive oxygen species scavenging by redox
injectable gel suppresses alveolar bone resorption. Biomaterials.
2016;76:292-301.

25- Tanaka Y, Toyama T, Wada-Takahashi S, Sasaki H, Miyamoto
C, Maehata Y, et al. Protective effects of (6R)-5,6,7,8-tetrahydro-I-
biopterin on local ischemia/reperfusion-induced suppression of reactive
hyperemia in rat gingiva. J Clin Biochem Nutr. 2016;58(1):69-75.
26- Kindlova M. The development of the vascular bed of the marginal
periodontium. J Periodontal Res. 1970;5(2):135-40.

J Appl Oral Sci.

27- Kogushi M, Nakamura S, Kishi Y, Kim S, Takahashi K. A study of
leukocyte extravasation in early inflammatory changes in the pulp. J
Endod. 1988;14(10):475-81.

28- Matsuo M, Nakamura T, Kishi Y, Takahashi K. Microvascular changes
after placement of titanium implants: scanning electron microscopy
observations of machined and titanium plasma-sprayed implants in
dogs. J Periodontol. 1999;70(11):1330-8.

29- Takahashi K. Vascular architecture of dog pulp using corrosion
resin cast examined under a scanning electron microscope. J Dent
Res. 1985;64(4):579-84.

30- Takahashi K. Changes in the pulpal vasculature during inflammation.
J Endod. 1990;16(2):92-7.

31- Falanga V. Wound healing and its impairment in the diabetic foot.
Lancet. 2005;366(9498):1736-43.

32- Lira-Junior R, Figueredo CM, Bouskela E, Fischer RG. Severe
chronic periodontitis is associated with endothelial and microvascular
dysfunctions: a pilot study. J Periodontol. 2014;85(12):1648-57.

33- Azevedo FP, Morandini AC, Sipert CR, Dionisio T], Santos CF,
Damante CA, et al. Palatal mucosa derived fibroblasts present an
adaptive behavior regarding cytokine secretion when grafted onto the
gingival margin. BMC Oral Health. 2014;14:21.

9/9 2020;28:€20190145



