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Objective: The aim of this study was to evaluate in vitro, by scanning electron
microscopy (SEM), the adhesion of blood components on root surfaces irradiated
with Er:YAG (2.94 lm) and GaAlAs Diode (808 nm) lasers and the eﬀects on the
morphology of irradiated root surfaces.
Methods: One hundred samples of human teeth were obtained. They were previously planed and scaled with manual instruments and divided into ﬁve groups of
20 samples each: G1 (control group) – absence of treatment; G2 – Er:YAG laser
(7.6 J/cm2); G3 – Er:YAG laser (12.9 J/cm2); G4 – Diode laser (90 J/cm2) and
G5 – Diode laser (108 J/cm2). After these treatments, 10 samples of each group
received a blood tissue but the remaining 10 did not. After laboratory treatments,
the samples were obtained by SEM, the photomicrographs were analysed by the
score of adhesion of blood components and the results were statistically analysed
(Kruskall–Wallis and Mann–Whitney test).
Results: In relation to the adhesion of blood components, the study showed no
signiﬁcant diﬀerences between the control group and the groups treated with
Er:YAG laser (p ¼ 0.9633 and 0.6229). Diode laser radiation was less eﬀective
than control group and Er:YAG laser radiation (p < 0.01).
Conclusions: None of the proposed treatments increased the adhesion of blood
components in a signiﬁcant way when compared to the control group. Although
the Er:YAG laser did not interfere in the adhesion of blood components, it caused
more changes on the root surface, whereas the Diode laser inhibited the adhesion.

It has become increasingly apparent
that the stability of the fragile attachment between the root surface and the
gingival ﬂap by the maturing ﬁbrin clot
is crucial for the outcome of reconstructive periodontal surgery (1). The
ﬁbrin of the clot forms an initial
attachment to the root surface,

preventing epithelial down-growth and
forming a scaﬀold for the development
of a cell and collagen ﬁber attachment
mechanism (2). Connective tissue
repair to the root surface seems critically dependent on an attachment
between the ﬁbrin clot and the root (1).
Studies have shown that in the absence
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of stable ﬁbrin attachment the defect
may epithelialize (3–5). Root surface
demineralization with acidic agents
promotes the establishment of a new
connective tissue attachment (3, 6).
Conditioning of the root surface after
scaling and root planing has been
introduced as a promising procedure
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for endotoxins and smear layer
removal, and as a compensation for
the limitations inherent to the
mechanical root surface therapy (7–9).
Even though in vitro (7, 8) and
in vivo (3, 10) studies have shown the
eﬀectiveness of chemical root conditioning agents, clinical studies in humans have not (11–13). On the other
hand, conditioning may favor clot
stabilization in the earliest stages of
periodontal
healing
events
by
increasing blood cells and ﬁbrin
adhesion to the root surface (14).
Laser therapy has been studied in
diﬀerent applications in periodontics
(15). Thermal and photodisruptive
laser eﬀects result in the elimination of
periodontopathogenic bacteria (16–19)
and might be beneﬁcial to the treatment of periodontitis. Attention has
been paid to the clinical applicability of
the Er:YAG laser with 2.94 lm wavelength in the near infrared spectrum.
This erbium laser light is well absorbed
by water because its wavelength is
resonant to the water molecule (20).
The Er:YAG laser also enables the
removal of calculus and a superﬁcial
layer of infected cementum without
promoting
undesirable
thermal
damage. Its eﬀects on periodontally
involved root surfaces have been
examined in vitro (21–26) and in vivo
(27–29). Nevertheless, the eﬀect of the
Diode laser with wavelength of 808–
810 nm on root surfaces has not yet
been thoroughly investigated (30, 31).
Moreover, only a few studies have
evaluated the eﬀects of both laser
irradiations on the root surface biocompatibility (31–33). The aim of this
study is to evaluate in vitro, by scanning electron microscopy (SEM), the
adhesion of blood components using
an in vitro screening model proposed
by Baker et al. (14) on root surfaces
irradiated with Er:YAG (2.94 lm)
and Diode (808 nm) lasers and the
eﬀects of these lasers on irradiated root
surfaces.

Material and methods
This study was approved by the Ethical
Committee of Araraquara Dental
School, UNESP (CEP-FO/CAr.n220–
2002).

Sample preparation

Twenty-ﬁve extracted, single-rooted,
periodontally diseased human teeth
from non-smoking patients, with probing depths of at least 6 mm, were used
in this study. After extraction, the teeth
were cleaned in distilled water and
stored in phosphate-buﬀered saline
pH 7.4 at 37C until the treatments
were carried out.
Using a high speed cylindrical bur
under copious irrigation, two parallel
retention grooves were made on the
proximal (mesio and distal) root surface of each tooth, one at the cementum/enamel junction and the other
approximately 5 mm apically to the
ﬁrst groove. After this procedure, the
areas between the grooves were treated
with scaling and root planing with
manual instruments (Gracey curets
n5/6, Hu-Friedy Co., Chicago, IL,
USA), through 50 cervical-occlusal
traction movements. The scaling and
root planing was performed by the
same experienced operator. The samples were prepared using a diamond
disc. The roots were crosscut in the ﬁrst
groove separating them from the
crown. The roots were cut lengthwise
in the buccal–lingual orientation and
then in the mesio–distal orientation
until the second grove was reached
apically. The samples were crosscut
and separated in two samples of about
2 mm · 2 mm in the mesio and distal
surfaces. Four samples of each tooth
and a total of 10 samples divided into
ﬁve groups of 20 samples each were
obtained.
Treatment

Two samples from the same mesio or
distal surfaces were kept in an identiﬁed bottle containing phosphate-buffered saline. The bottles were randomly
divided into ﬁve groups of 10 bottles
each, with a total of 20 samples in each
group. The samples of each group
received the following treatments:
G1 (control group) – absence of treatment;
G2 – irradiated with Er:YAG laser
(7.6 J/cm2 per pulse);
G3 – irradiated with Er:YAG laser
(12.9 J/cm2 per pulse);

G4 – irradiated with Diode laser (90 J/
cm2 per pulse);
G5 – irradiated with Diode laser
(108 J/cm2 per pulse).
The samples were randomly divided
among the groups and the two from
each bottle were deposited in a plastic
container identiﬁed by the same number in order to distinguish them from
each root surface and to allow the
proposed treatment. The samples in
G1 (control group) received no treatment apart from irrigation in 10 ml of
distilled water.
Lasers

The samples of G2 and G3 were irradiated with a pulsed Er:YAG laser
(KaVo Key Laser II, KaVo, Biberach,
Germany) with a wavelength of
2.94 lm, 250–500 ls exposure duration, repetition rate of 10 Hz using a
handpiece (2056, KaVo, Biberach,
Germany) with a special application
tip (1.1 mm · 0.5 mm), in the following parameters: energy at 60 mJ as
indicated on the display, resulting in
transmitted energy of 42 mJ at the tip
of the handpiece (2056, transmission
factor of 71%) and ﬂuency of 7.6 J/
cm2 per pulse (G2); energy at 100 mJ
as indicated on the display, resulting in
transmitted energy of 71 mJ at the tip
of the handpiece (2056, transmission
factor of 71%) and ﬂuency of 12.9 J/
cm2 per pulse (G3), focused and without contact, with water cooling.
The optical ﬁber was positioned
perpendicularly to the surface of the
sample. Ten samples were ﬁxed in a
speciﬁc equipment to receive the irradiation. Each sample was irradiated for
15 s with scanning movements. The
irradiation was carried out manually to
simulate clinical conditions.
The samples of G4 and G5 were
irradiated with the GaAlAs Diode
laser device (Soft Lase, Zap Laser
Ltd, Pleasant Hill, CA, USA) with a
wavelength of 808 nm ± 5 nm in the
repeat wave mode (0.05 ms). Power
outputs were measured with a power
meter device. Laser light was delivered through a 400 lm contact
optical ﬁber in the following parameters: power outputs of 0.9 W, ﬂuency of 90 J/cm2 per pulse (G4);
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power outputs of 1.08 W, and ﬂuency
of 108 J/cm2 per pulse (G5). The
irradiation parameters used with the
Diode laser were based on previous
research that evaluated the pulpar
thermal variation of teeth with Diode
irradiated radicular surfaces in several
parameters. It may be observed in
this study that these two parameters
did not promote undesirable pulpar
temperature increase (34). The optical
ﬁber was perpendicularly positioned
to the surface of the specimens. Each
sample was irradiated for 15 s, with
scanning movements. The irradiation
was carried out manually to simulate
clinical conditions.
Preparation of human root blocks
with blood tissue

Immediately after treatments, fresh
human whole peripheral blood from a
healthy female donor was applied to
the external root surface of 10 blocks
of each group. The blood was allowed
to clot onto the root blocks for 20 min
in a humidiﬁed chamber at 37C.
Blocks were then rinsed three times for
5 min in phosphate-buﬀered saline.
Washes and rinses of the root blocks
were carried out in small Petri dishes
with gentle swirling motion using a
rotating table-top shaker at low speed
(14).
Immediately after rinsing, the blocks
were ﬁxed in 1% formaldehyde in
phosphate-buﬀered saline for 15 min.
After three 5-min phosphate-buﬀered
saline rinses, the blocks were incubated
for 10 min in 0.02 M glycine in phosphate-buﬀered saline and rinsed again,
as previously. The samples were postﬁxed in 2.5% glutaraldeyde in phosphate-buﬀered saline for 30 min and
rinsed again, as above. The samples
were dehydrated through a graded
ethanol series: 25%, 50%, 75%, 95%
and three exchanges of 100%. The
samples were subsequently dried in a
CO2 critical point drier (Baltec CPD
030, Chicago, IL, USA). The blocks
were mounted on aluminum stubs with
colloidal graphite, sputter-coated with
gold palladium in a speciﬁc device
(Baltec SCD 050), and stored and
desiccated at room temperature for
3 days (14).

Preparation of human root blocks
without blood tissue

The samples that did not receive blood
tissue, 10 in each group, were postﬁxed
in 2.5% glutaraldeyde in phosphatebuﬀered saline for 30 min and rinsed
again, as above. The samples were
dehydrated through a graded series of
ethanol: 25%, 50%, 75%, 95% and
three exchanges of 100%, all steps at
room temperature. The samples were
subsequently dried at room temperature. The blocks were mounted on
aluminum stubs with colloidal graphite, sputter-coated with gold palladium
in a speciﬁc device (Baltec SCD 050),
and stored and desiccated at room
temperature for 3 days.
Scanning electron microscopy
observations

Three random photomicrographs were
obtained from distinct areas of the
samples treated with blood tissue (one
central and two in distinct margin), increased by 2000 · (n ¼ 30). From the
samples that received no treatment with
blood tissue, one photomicrograph
from the central area of the samples was
obtained, also increased by 2000 · (n ¼
10). All photomicrographs were obtained through a SEM analysis at 20 kV
(Jeol JSM, Tokyo, Japan).
After the photomicrographs were
obtained, they were identiﬁed and
analyzed through scores in order to
verify the adhesion of blood components and to analyze the morphological
characteristics obtained in the treatment.
Using a single-blind method, the
photomicrographs obtained from the
samples that received blood tissue were
examined three times by an operator who was previously trained and
calibrated with two other operators
(Kendall p < 0.01), in a score of
Ôblood components adhesionÕ (rating
system). Each sample received the
score that prevailed among the three
readings.
Rating system

0 absence of ﬁbrin network and blood
cells.
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1 scarce ﬁbrin network and/or blood
cells.
2 moderate ﬁbrin network and moderate quantity of blood cells.
3 dense ﬁbrin network and trapped
blood cells.
The photomicrographs obtained from
the samples that did not receive
blood tissue were examined by a
single operator, previously trained,
who evaluated the morphological
changes in root surfaces, comparing
them to the control group photomicrographs.
Statistical analysis

Blood components adhesion scores
were independently analyzed considering the groups (1–5). The non-parametric Kruskall–Wallis test (p < 0.05)
was employed to compare the rank of
the evaluated groups using Bioestat
software (Bioestat 1998, Windows 95,
Manaus, AM, Brazil). This procedure
was followed by a non-parametric
Mann–Whitney test when the Kruskal–Wallis test suggested a signiﬁcant
diﬀerence
between
the
groups
(p < 0.05). The comparison between
the groups was performed with the
Mann–Whitney test using Bioestat
software (Bioestat 1998, Windows 95,
Manaus, AM, Brazil).

Results
Scanning electron microscopy
analysis

Group 1 –– It was observed in Group 1
(control group) that most of the photomicrographs (15 samples) presented
a blood components adhesion score of
3 (Fig. 1) characterized by the presence
of a dense ﬁbrin network and trapped
blood cells. This was followed by a
blood components adhesion score of 0
(eight samples) in which the photomicrographs did not present a ﬁbrin network and trapped blood cells. Five
samples presented a blood components
adhesion score of 2, and the remaining
two presented a scarce ﬁbrin network
and/or blood cells (score of 1), which
demonstrates great variability of ﬁndings in the same experimental group
(Table 1).
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Fig. 1. Group 1 (control group/blood treatment). Root surface covered by dense ﬁbrin network with trapped blood cells (score 3) (bar 10 lm;
original magniﬁcation · 2000).

Table 1. Frequency and percentage (%) of blood components adhesion score BCA in groups
G1, G2, G3, G4 and G5
Groups
Frequency (%)
Scores

G1

0
1
2
3
Total (n)

8
2
5
15
30

G2
(26.67)
(6.67)
(16.67)
(50.00)

2
8
10
10
30

(6.67)
(26.67)
(33.33)
(33.33)

Among
the
photomicrographs
obtained from the samples that did not
receive blood tissue, six presented a
regular and smooth root surface without exposure of dentinal tubules, three
presented an irregular root surface
without exposure of dentinal tubules,
and one presented a rough and irregular root surface, also without exposure of dentinal tubules.
The presence of grooves and smear
layer in all samples caused by manual
instrumentation was also evident.
Group 2 –– The samples in Group 2
presented blood components adhesion
scores of 2 (10 samples) and 3 (10

G3

G4

–
10 (33.33)
10 (33.33)
10 (33.33)
30

17
5
1
7
30

G5
(56.67)
(16.67)
(3.33)
(23.33)

16
3
3
8
30

(53.33)
(10.00)
(10.00)
(26.67)

samples) in most of their photomicrographs (Fig. 2), demonstrating moderate or dense ﬁbrin network and
trapped blood cells. This was followed
by a blood components adhesion score
of 1 with eight photomicrographs, and
only two photomicrographs did not
show any evidence of ﬁbrin network or
blood cells adhered to the root surface
(score of 0).
It was also possible to observe that
the majority of the photomicrographs
of Group 2 showed greater adhesion
of blood cells in the irradiated root
surfaces (Table 1). The samples that
did not receive blood tissue presented an even surface on their

photomicrographs, characterized by
an irregular aspect with microroughness on the entire surface, similar to
squamous and dentinal tubules obliteration, besides the absence of smear
layer (Fig. 3).
Group 3 –– The samples in Group 3
presented blood components adhesion
scores of 2 (10 samples) and 3 (10
samples) on the photomicrographs,
showing moderate or dense ﬁbrin
network and trapped blood cells
(Fig. 4), and the other 10 samples presented scarce ﬁbrin network
and/or blood cells (score of 1)
(Table 1).
Apart from this, none of the photomicrographs presented an absence of
ﬁbrin network. In the samples that did
not receive blood tissue, the photomicrographs also presented an even surface (10), characterized by an irregular
aspect with microroughness on the
entire surface. This fact was more
obvious than in the samples in G2,
similar to squamous and also dentinal
tubules obliteration, besides the absence of a smear layer on the root
surface, also similar to G2.

Er: YAG and Diode lasers and adhesion of blood components

385

Fig. 2. Group 2 (Er:YAG 7.6 J/cm2 per pulse, blood treatment). Root surface covered by dense layer of blood cells on the ﬁbrin network
(score 3) (bar 10 lm; original magniﬁcation · 2000).

Fig. 3. Group 2 (Er:YAG 7.6 J/cm2 per pulse, no blood treatment). Irregular root surfaces with microroughness, obliteration of dentinal
tubules and absence of smear layer (bar 10 lm; original magniﬁcation · 2000).

Group 4 –– The samples in Group
4 presented a blood components
adhesion score of 0 in 17 of the
photomicrographs, i.e. the photomicrographs did not present any ﬁbrin

network and blood cells (Fig. 5).
Five samples presented scarce ﬁbrin
network and/or blood cells (score
of 1), and eight photomicrographs
showed moderate or dense ﬁbrin

network adhered to the surface
(Table 1).
In relation to the photomicrographs
from the samples that did not receive
blood tissue, six presented an irregular
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Fig. 4. Group 3 (Er:YAG 12.9 J/cm2 per pulse, blood treatment). Root surface covered by dense layer of blood cells positioned over the ﬁbrin
network (score 3) (bar 10 lm; original magniﬁcation · 2000).

Fig. 5. Group 4 (Diode 90 J/cm2 per pulse, blood treatment). Root surface showing absence of ﬁbrin network and blood cells (score 0) (bar
10 lm; original magniﬁcation · 2000).

root surface and dentinal tubules
obliteration, whereas four photomicrographs also presented an irregular
root surface, although they were rough
and had obliterated dentinal tubules.

Moreover, the presence of smear
layer on the irradiated root surfaces
without evidences of morphological
changes on the root surfaces was
clear.

Group 5 –– The samples in Group 5
showed that a blood components
adhesion score of 0 was predominant
(16 samples), i.e. most of the photomicrographs did not show adhesion of

Er: YAG and Diode lasers and adhesion of blood components
blood components to the root surface.
Eight photomicrographs presented
dense ﬁbrin network and captured
blood cells (score of 3), three photomicrographs had scarce ﬁbrin network
(score of 1) and other three had moderate ﬁbrin network (score of 2).
All the photomicrographs of the
samples that did not receive blood tissue presented an irregular root surface
and dentinal tubules obliteration,
besides the presence of a smear layer
on the root surface, without evidence
of morphological changes on the root
surface.
Statistical results

There are limitations in the statistical
analysis because this is a descriptive
study comparing various treatments.
Considering groups as an independent
variable, the use of the non-parametric
Kruskal–Wallis test showed a signiﬁcant diﬀerence among the evaluated
groups regarding blood components
adhesion scores (p ¼ 0.0004), resulting
in a value of 20.6364.
The comparison between the rank
of the groups (Mann–Whitney test)
showed signiﬁcant diﬀerences between
Groups 1 and 4 (p ¼ 0.0041), 1 and 5
(p ¼ 0.0164), 2 and 4 (p ¼ 0.0036), 2
and 5 (p ¼ 0.0144), 3 and 4 (p ¼
0.0008) and 3 and 5 (p ¼ 0.0038)
(Table 2). Despite the fact that the
photomicrographs of the groups irradiated with Er:YAG laser presented
more samples with higher scores on
blood components adhesion and also
indicated a higher adhesion of blood
components on the irradiated root
surfaces than the control group, the
statistical results showed that there

were no signiﬁcant diﬀerences between
the control group (G1) and in the
groups treated with Er:YAG laser (G2
and G3) in relation to the score of
blood components adhesion (p ¼
0.9633 and p ¼ 0.6229).
When comparing G4, in which the
samples were irradiated with Diode
laser (90 J/cm2 per pulse), to the control group (p ¼ 0.0041) and to the
groups irradiated with Er:YAG laser
(G2 and G3), it was observed that the
blood components adhesion score was
smaller in G4 than in the control group
(p ¼ 0.0305) or G2 (p ¼ 0.0036) and
G3 (p ¼ 0.0008). In the same way, the
group irradiated with Diode laser
(108 J/cm2 per pulse) (G5) was statistically diﬀerent from the control group
(p ¼ 0.0164) and the Er:YAG laser
groups (p ¼ 0.0144 and p ¼ 0.0038).
The Er:YAG laser (7.6 and 12.9 J/
cm2 per pulse) is more eﬀective than
the Diode laser in both of the parameters applied in this study (90 and
108 J/cm2 per pulse) concerning the
adhesion of blood components on the
root surface.

Discussion
While analyzing the results obtained in
the present study, as far as the adhesion of blood components is concerned, it could be observed that, when
compared to the control group samples, which were irrigated with distilled
water after scaling and root planing,
no proposed treatment increased the
adhesion of blood components. The
eﬀectiveness of scaling with hand
instruments alone to promote a more
compatible surface to the clot adhesion
was demonstrated. Furthermore, the

Table 2. Rank and median values of the blood components adhesion score concerning
groups G1, G2, G3, G4 and G5
Groups

Median

Rank**

p value – p < 0.05*

G1 (n ¼ 30)

2.5

86.1167

2.0
2.0
0
0

86.6333
91.6333
53.9333
59.1833

1
1
2
3
2
3

G2
G3
G4
G5

(n
(n
(n
(n

¼
¼
¼
¼

30
30)
30)
30)

and
and
and
and
and
and

4
5
5
4
4
5

p
p
p
p
p
p

¼
¼
¼
¼
¼
¼

0.0041*
0.0164*
0.0144*
0.0008*
0.0036*
0.0038*

*Statistical diﬀerences between groups. Refers to the Mann–Whitney test (p < 0.05).
**Rank values – Kruskall–Wallis test (p < 0.05).
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root surfaces irradiated with Diode
laser (90 and 108 J/cm2 per pulse)
promoted an inhibition and small
blood components adhesion when
compared to the control group and to
the groups irradiated with Er:YAG
laser (7.6 and 12.9 J/cm2 per pulse).
The diﬀerent wavelengths and consequent tissue interaction can explain
the diﬀerences obtained with the irradiation of both lasers used in the present
study.
The
interaction
mechanisms with the mineralized tissues have been described as photothermic in the case of the Diode laser,
and photomechanical in the case of the
Er:YAG laser. The absorbed energy
depends on the absorption coeﬃcient
of each molecule in the tissue. The
Diode laser is not well absorbed by
water or hydroxyapatite; in this way,
the absorbed energy is transformed
into human heat, increasing the root
surface temperature (20). This is the
opposite to what happens to the Er:YAG laser, which is highly absorbed
by water.
Several studies have suggested that
the initial healing processes, such as
adsorption and adhesion of blood
components along with a ﬁbrin clot
adhering to the formation of a blood
clot on the root surface, are crucial
determiners in the repairing process
between the gingival ﬂap and the root
surface (1, 3–5).
Nowadays it is understood that the
control of ﬁbrin clot adhesion on the
root surface in the protocol execution
of reconstructive periodontal therapy
is vital to the success of periodontal
treatments (14).
The samples in the groups irradiated
with Er:YAG laser (G2 and G3) indicated a higher adhesion of blood
components when compared to the
control group (G1), due to a higher
frequency of samples that presented a
higher score on blood components
adhesion, although not presenting statistical diﬀerences from the control. On
the other hand, this laser irradiation
was signiﬁcantly more eﬀective than
the Diode laser in the parameters performed in this study, in relation to the
adhesion of blood components.
The fact that the Er:YAG laser
presents a satisfactory adhesion of
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blood components in the parameters
applied to G2 and especially to G3,
although not presenting statistically
signiﬁcant diﬀerences from the control
group (G1), is probably due to the fact
that the laser with energy density of 7.6
and 12.9 J/cm2 has greater power in
reducing bacteria and endotoxins.
According to Wikesjo et al. (1), the
presence of endotoxins and bacteria
could inhibit the adhesion of plasma
proteins on the root surface. The Er:YAG laser irradiation promotes a
removal of mineralized tissues producing holes and bumps and, consequently, promoting irregular root
surfaces and a larger exposure area of
collagen ﬁber. The exposure of collagen ﬁber could facilitate the adhesion
and formation of primary homeostatic
buﬀers through the adhesion of plaques to the exposed collagen (35). This
fact should be further researched.
The Er:YAG laser parameters
applied in this study may have caused
bacteria reduction, as proposed by
Ando et al., who demonstrated signiﬁcant in vitro reductions of Porphyromonas gingivalis colonies (19). With
relation to the morphology of root
surfaces in the samples irradiated with
Er:YAG laser (G2 and G3), it was
observed that there was a signiﬁcant
diﬀerence when compared to the control group (G1), and to the Diode laser
groups (G4 and G5). The irradiated
root surfaces in G2 and G3 were found
to be more irregular and rough, without smear layer. These results conﬁrm
the ﬁndings of several studies that have
demonstrated the topography and the
morphological features of root surfaces
irradiated with Er:YAG laser (21, 23,
24, 26, 36–39).
These morphological features are
probably due to this laser’s high interaction with mineralized tissues once its
wavelength is highly absorbed by the
water present in the mineralized tissue
expelled through micro explosions, a
process known as explosive ablation.
It should still be considered that, in
the present study, the samples were
irradiated with the laser output positioned at a 90 angle perpendicularly to
the root surface. This situation would
promote great removal of mineralized
tissue and consequently greater

morphological changes on the root
surface (37). This application angle
(90) was used to simulate the conditions of a periodontal surgery procedure to substitute for a chemical
element on the root surface.
It is believed that the samples irradiated with Er:YAG laser could facilitate the adhesion of blood components
also due to an increase in physical
retention of the ﬁbrin clot on the root
surface or it could play a certain role in
the cell retention, although this
roughness would not be the crucial
point in the adhesion of blood components.
Some studies have demonstrated
that polymorphonuclear cells prefer to
adhere to rough surfaces rather than
smooth ones due to the functional
diﬀerences of these cells (40, 41). This
fact could justify the ﬁndings presented
in the Er:YAG laser groups with
higher adhesion of blood cells, probably erytrocytes and white cells.
Although some studies have not
demonstrated signiﬁcant eﬀects on the
presence of roughness on the root
surface in the success of periodontitis
treatment (42, 43), it could be considered that the roughness on the root
surface caused by the Er:YAG laser
can facilitate the retention of bacteria
plaque. An increase in surface roughness could result in faster colonization
and maturation of the dental plaque
supragingivally, while the eﬀect is less
dramatic
subgingivally,
probably
because this environment already offers more niches for bacterial adhesion
and survival (44). Diode laser does not
seem to be a promising treatment as a
support to scaling and root planing
when irradiated on the root surface,
with relation to the adhesion of blood
components, in spite of not promoting
signiﬁcant changes in structure on the
irradiated root surfaces. This fact is
probably due to the parameters applied
in this study once they are not suﬃcient to promote a signiﬁcant bacteria
reduction that could increase the
adsorption of plasma proteins. However, some studies demonstrated a signiﬁcant eﬀect on the microorganism
reduction with the Diode laser when
applied as support to periodontal
therapy (18, 45).

On the other hand, the fact that
Diode laser could also decrease the
adhesion of blood components in a
signiﬁcant way can be associated with
some damages in the collagen matrix
or in the production of toxic substances in this laser interaction with the
tissues, such as cyanate and cyanamid,
which are produced in the presence of
nitrogen (which can be produced in
protein denaturation in high temperatures) (25). Other studies must be carried out in order to analyze the
production of these substances on root
surfaces irradiated with Diode laser.
In thermal analysis, the ﬁrst chemical compound released from the tissue
upon heating is water, while the organic matrix is changed between 100
and 400C and a maximum loss
around 320C is identiﬁed (46). After
laser irradiation with thermal action,
as Er:YAG and Diode lasers in this
work, the surface temperature increases at a maximum value that depends
on irradiation parameters (46). The
subsurface temperature of the irradiation site quickly decreases to values
near the ambient temperature at deeper
tissue layers. Therefore, the temperature rise at the dentine surface during
laser irradiation changes mainly the
water and organic matrix (47), while at
the subsurface these compounds
remain unchanged. Changes in the
collagen structure may be reversible
but only for temperatures below 175C
(47). The collagen degradation probably inﬂuences negatively the blood
cell adhesion. For this work, the highest temperature values are expected to
occur for the Diode laser and for this
reason poor blood cells adhesion is
expected to occur. It should also be
considered that the Diode laser may
promote undesirable thermal changes
on the pulpal tissues (26) depending on
the parameter applied.
Conversely, any signiﬁcant diﬀerences on the root surfaces irradiated
with this laser were observed due to the
Diode laser weak interaction with
mineralized tissues. However, G4 had
the biggest number of samples with
irregular surface when compared to the
samples in the control group, although
the samples treated with Diode laser
did not present morphological changes
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such as the presence of cracks, fractures, fusions or concavities.
While using Er:YAG laser and
Diode laser, the operator must be
aware of the possible risks involved,
such as detrimental tissue eﬀects or
increase of pulpal temperature (26, 48).
The power settings and the use of
water as a coolant during Er:YAG laser irradiation to avoid harmful eﬀects
to the irradiated tissues must be controlled (48).
Due to the limitations of the methodology applied in the present study, it
is not possible to evaluate the viability
of blood cells adhered to the root surface and/or under the ﬁbrin clot and it
is not possible to distinguish which
cells would be more predominant or
even to evaluate the thickness of the
ﬁbrin clot adhered to each sample.
It is necessary to carry out in vivo
studies to evaluate if the data obtained
in this study are in agreement with the
healing process of periodontal tissues,
as this methodology allowed the evaluation of only the variable adhesion of
ﬁbrin clot and blood cells. It is known
that the healing process is highly
complex, because of the initial stages of
clot formation, as well as the inﬂammatory process of granulation tissue
formation and the maturing of this
tissue with deposition of collagen
ﬁbers. Therefore, further studies are
necessary to clarify the histological
attachment of periodontal tissues to
the irradiated root surfaces in vivo.
Clinical studies must be carried out in
order to analyze if the hypothesis of
roughness on the root surface provoked by the Er:YAG laser could
inﬂuence in the maintenance of a longterm periodontal treatment, as it
increases the retention of bacteria plaque.
Based on the methodology applied
and the limitations of this study, it is
possible to assume that none of the
proposed treatments was able to provide signiﬁcant increase in the adhesion
of blood cells on the root surfaces
when compared to the control group.
The Er:YAG laser appeared to be the
most indicated laser for the irradiation
of root surfaces when compared to the
Diode laser in the parameters applied
in the present study, although it

promotes signiﬁcant morphological
changes on the root surfaces such as
microroughness; the Diode laser did
not promote signiﬁcant changes on the
root surfaces, but it can inhibit the
adhesion of blood components.
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Blomlöf L, Bergman E, Forsgardh A et al.
A clinical study of root surface conditioning with an EDTA gel. I. Non surgical
periodontal treatment. Int J Periodontics
Restorative Dent 2000;20:561–565.
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32.

33.

34.

35.

36.

37.

38.

39.

d’Hoedt B. Effect of diode laser irradiation on the attachment rate of periodontal ligament cells: an in vitro study.
J Periodontol 2001;72:1312–1317.
Rossa C Jr., Silvério KG, Zanin ICJ,
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