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Abstract

Background: The combined orthodontic regenerative therapy approach can greatly enhance
periodontal conditions and dentofacial aesthetics in many situations. The purpose of this study
was to evaluate the effectiveness of 940nm low-level diode laser biostimulation in enhance-
ment of intrabony wound healing with combined orthodontic/regenerative therapy in chronic
periodontitis subjects suffering from malocclusion.

Methods: Fifteen chronic periodontitis adult patients with at least two intrabony defects and
requiring orthodontic treatment for abnormalities in occlusion were included. A total of 30
defects were divided into two groups and treated in a split mouth design. The defects were
treated with combined orthodontic regenerative therapy with laser irradiation (Group I: test
group) or with combined orthodontic regenerative therapy alone (Group II: control group). The
following hard and soft tissue measurements were recorded at baseline (prior to surgery) and
after six and nine months postoperatively: probing depth (PD), clinical atachment level (CAL)
by periodontal calibrated probe and bone density (BD) using the DBS-Win software.

Results: Probing depth reduction was 64.57%=9.37 and 64.95%=x10.07 with no statistically
significant difference between Group | and Group II. Percent change in clinical attachment level
gain were 59.77%=12.107and 38.83%=7.56 in Group | and Il respectively,with a statistically
significant difference (P-value =0.005considered significant). Moreover, defects treated with
combined orthodontic regenerative therapy with laser irradiation showed significant preserva-
tion of bone density with a percent decrease of 4.14%z3.17 at the end of the study period.

Conclusion: Improvements in clinical and radiographic parameters were observed following
the adjunctive use of low-level diode laser therapyand orthodontic regenerative therapy for the
management of intrabony defects in chronic periodontitis patients.

Keywords: Orthodontic tooth movement, periodontal regenerative therapy, bone
grafts, resorbable membranes, diode laser, low laser therapy, intrabony defects

Introduction

Periodontitis is a polymicrobial infection that results in a
destructive host response to the supporting apparatus of
the dentition (Nishihara and Koseki, 2004). Petiodontal
complications maylead to various occlusal problems such as
posterior-occlusion collapse, spacing, and overeruption of
anterior teeth. These local risk factors in tooth positioning-
maycomplicate plaque control, traumatize the periodontium,
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and lead to unsatisfactory esthetics and function (Johal and
1de,1999;Hartel ¢f al., 2006; Hartel and Nunn, 2009).

Research supporting occlusal intervention as an ad-
junctive treatment for periodontitis in adults is scarce and
leads to theconclusion that no evidence is present for or
against use of occlusal intervention in clinical practice
(Weston ez al., 2008). Orthodontic forces have been used
even in patients with reduced alveolar support, howeverit
is generally agreed that lower forces should be employed
in these patients to avoid adverse effects, including root
resorption, and further damage to the periodontal liga-
ment, which can lead to excessive tooth mobility (Braun
et al., 1993; Ong et al,1998; Fukunaga et a/, 2006;Carda-
ropoli and Gaveglio, 2007; Mavreas, 2008).
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Orthodontic tooth movement generates complex
mechanical loading patterns with corresponding com-
plex biological responses in the periodontal tissues. This
will occur only if the hard tissue around the tooth can
undergo proper breakdown and build-up (Skoglund ez
al., 1997). The primary trigger factor responsible for
orthodontic tooth movement is the strain experienced
by the periodontal ligament (PDL) cells and the extra-
cellular matrix. This strain results in alteration in the
gene expression within the cells, with production of
various cytokines and chemokines, capillary vasodila-
tation within periodontal ligament andmigration of
inflammatory cells with more cytokine production and
subsequent alveolar bone remodeling in response to
mechanical loading (Masella and Meister, 2006).

On application of orthodontic force, the com-
pression region within the PDL shows increased
osteoclastic activity, whereas in the tension region,
there is proliferation of osteoblasts and mineraliza-
tion of the extracellular matrix (Zhu and Scott, 2004).
In general,molecules that have been linked to tensile
strains and act by stimulating osteoblast progenitor
cell proliferation in the periodontal ligament, with
subsequent boneformation and inhibition of bone
resorption similar to orthodontic tooth movement,
include transforming growth factor-beta (TGF-b),
various bone morphogenic proteins (BMPs), and epi-
dermal growth factor (EGF) (Brady ez al., 1998; Gao
et al., 2002; Mitsui ef al., 2006). On the other hand,
Interleukin-1 beta (IL-1B), interleukin-6 (IL-6), CC
chemokines ligand 2 (CCL2) and other inflammatory
cytokines regulate osteoclastic activity through the ac-
tivation of the nuclear factor kappa B (RANK) and of
the nuclear factor kappa B ligand (RANKL) (Andrade
et al., 2009; Taddei et al., 2012).

Regarding various periodontal regenerative modali-
ties, bone augmentation materials are used for clinical
applications based on the hypothesis that they are
osteogenic, osteoinductive, osteoconductive or pos-
sess a combination of these properties (Sheikh ez al.,
2013). In the present study, bioactive glass was used as
the grafting material asseveral 7z vivo and in vitro studies
have highlighted the potential for bioactive glass as an
effective synthetic regenerative scaffold (Sculean ez al.,
2002; 2005; Keleses a/.,2000).

For guided tissue regeneration (GTR) procedures,
membranes are used to provide a barrier to the in-
growth of epithelial cells, and to promote the prolifera-
tion and differentiation of cells from the periodontal
ligament. Individual special cases have been reported in
which the use of membranes has succeeded in prevent-
ing epithelial attachment from developing with ortho-
dontic tooth movement in these regenerated areas by
various investigators (Aguirre-Zorzano, 1999; Araujo
et al., 2001; Ogihara and Marks, 2006; Cao ez al., 2015).

Amongdental lasers, diode lasershave no interac-
tions with dental hard tissues making them convenient
for soft tissue procedures(Aoki ez al.,, 2004). Low-level
laser therapy (LLLT) is used in a variety of clinical
applications in periodontics including promotion of
wound healing and reduction of pain following non-
surgical and surgical procedures (Suresh ez a/, 2015).
Laser enhanced biostimulation has been reported to
induce intracellular metabolic changes, resulting in
faster cell division, proliferation rate, migration of
fibroblasts and rapid matrix production (Kreisler ez
al., 2003; Pourzarandian ef al, 2005). 780 nm diode
laser has been shown to inhibit gene expression of
the pro-inflammatory interleukin (IL)-183, modulate
MMP activity (Gavish ez a/., 2006) and reduce mono-
cyte chemotacticprotein-1, IL-1a, 1L-10, IL-18, and
IL-6 in lipopolysaccharide-stimulated macrophages
(Gavish et al.,2008).

Since diode laser with its low laser biostimulation
effect could enhance the outcomes of wound healing
in periodontitis, the aim of this study was to evaluate
the effectiveness of low-level laser biostimulation in
enhancement of periodontal healing with combined
orthodontic regenerative therapy in chronic periodon-
titis subjects.

Material and methods

The present study included fifteen patients (11 females
and 4 males), with ages ranging from 25 to 37 years.
All patients were selected from the outpatient clinic
of the Orthodontic and Oral Medicine Department,
Faculty of Dental Medicine, Girls Branch, Al-Azhar
University. The individuals were informed about the
treatment process, and all of them signed consent
forms voluntarily.

The study was approved by the ethics committee of
the Faculty. All participants signed a written consent.
The selected patients fulfilled the following inclu-
sion criteria: (1) patients were free from any systemic
disease as evidenced by health questionnaire using
cornel medical index (Abramson, 19606); (2) patient
had at least two contralateral periodontal intrabony
defects; (3) each intrabony defect fulfilled the fol-
lowing criteria; a) clinical attachment loss > 5mm, b)
probing depth > 5mm, ¢) radiographic evidence of
interproximal alveolar bone loss, (4) each patient had
an orthodontic problem such as crowding, elongation
of teeth or migration of anterior teeth. Whereas the
exclusion criteria were: (1) patient had received previ-
ous orthodontic treatment; (2) smokers and patients
receiving any medication that could affect healing of
soft and hard tissues; (3) pregnant females as well as
breast feeding mothers, and (4) history of periodontal
surgery or antimicrobial therapy in the six months prior
to initiation of our study.
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Each patient was asked to pick an envelope from
several opaque sealed envelopes after fulfillment of the
inclusion criteria and signing the informed consent to
be enrolled in the study. The envelope contained the
group to which the selected periodontal surgical site
was allocated. Consequently, the second surgical site
was allocated to the other group.

Presurgical therapy; all participants following initial
clinical examination and periapical radiographs were
given detailed instructions in self performed plaque
control measures, including tooth brushing and inter-
dental cleaning with interdental brush and dental floss
according to the clinical condition.

The proposed nature of the study was explained.
All patients received full mouth scaling and root plan-
ning using ultrasonic scaler and hand instruments
under local anesthesia to minimize pain. At this time,
study casts and a complete radiographic evaluation
(intraoral, panoramic and cephalometric evaluation)
were made.

Patients were recalled after four weeks following
the initial therapy and the following measurements
were recorded at baseline (time of surgery), then at
six and nine months postoperatively. Clinical measure-
ments were performed using a graduated periodontal
probe (William’s probe) and recorded to the nearest
millimeter: (1) probing depth (PD; Polson ez al., 1980);
(2) clinical attachment level (CAL; Ramfjord, 1967).
Hard tissue measurements were recorded as follows:
bone density (BD) was assessed using the DBS-Win
software, which is a part of the recently introduced
vista scan system. The mean gray value in each region
of interest was calculated (256 gray levels of color
resolution) by assigning the gray value (0) to black,
and the value 256 to white (Yokota e# al., 1994). To
measure bone density, three successive parallel lines
were plotted to cover the surface area of the defect.
Then the gray levels at certain points on the lines were
recorded. The mean values of those measurements
represent the defect (Figure 7).

Figure 1. Densometric analysis using DBS-win software

A total of thirty periodontal intrabony two-three wall
defects in the premolar/molar region in a split mouth
design were selected and randomly divided into two
groups. Each intrabony defect was filled with a bioac-
tive glass (Surface activated resorbable bioactive glass,
Excellence Pharma, Inc) combined with an overlying
collagen membrane (Biocollagen, Bioteck S.R.L. Fermi,
Arcugraro VI, Italy) with immediate application of oz-
thodontic tooth movement. The groups were divided
according to the use of diode laser into:

Group I fifteen periodontal intrabony defects were
treated with combined orthodontic regenerative therapy
with diode laser irradiation.

Group 1I: fifteen periodontal intrabony defects were
treated with combined orthodontic regenerative therapy
with no diode laser irradiation.

Surgical procedures

Local anesthesia (2% lidocaine containing 1:100,000
epinephrine) was utilized followed by intrasulcular inci-
sion. Full thickness flaps were elevated from both the
buccal and the lingual aspects. All granulation tissues
were removed from the defects. The 3- or 2-wall defects
included in the study were determined after flap reflec-
tion. The root surfaces were thoroughly debrided with
hand and ultrasonic instruments (Fzgure 2 and 3). Root
conditioning was applied using tetracycline solution for 3
minutes. The wound was rinsed several times with sterile
saline solution. In all groups, the defects were filled with
a bioactive glass (Figure 4). The collagen membrane was
trimmed and adjusted to cover the defect and at least
2-3 mm of the surrounding bone. The coronal portion
of the barrier was tightened and sutured on the root
with a resorbable sling suture (Figure 5). The flap was
replaced and sutured using vertical mattress sutures. In
group I; diode laser therapy was performed at the date
of surgery then twice weekly for the next four weeks.
Laser treatment was performed by using an 870-nm
gallium—aluminum-arsenide diode laseri rradiation (Soft
Laser SI.—202, 870 nm Petrolaser, Russia) in a continu-
ous wave mode (CW) in contact to the surface of the
gingiva. The surface area of the probe was enough to
cover the whole target area of both buccal and lingual
aspects of the defect for 60sec. per aspect, reaching a
total of 120sec. for each defect. The delivered power was
80 mW through a spot size of 0.55 cm® The resultant
energy density was 8.73 j/cm? per point of application
with a total energy density of 17.46 j/cm?® per defect
(Saafan ez al., 2013). Both patients and the operator wore
protective glasses during laser application.

The patients were treated using the segmented arch
technique to change the inclination of extruded, mis-
aligned and migrated teeth. The forces used were light
and continuous, about 10 to 15¢g per tooth, depending on
the amount of the periodontal support. The anchorage
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Figure 2. Intraoral photograph showing increasing probing
depth with attachment loss

Figure 4. Bioactive glass was condensed inside
intrabony defects

Figure 5. Collagen membrane was adapted and sutured
around involved tooth

consisted of labial arch and two stainless-steel segments
connecting postetior teeth. Titanium arch wires #7 were
used in the treatment protocol. The orthodontic tooth
movement was applied towards all the treated defects. The
tooth movement in both groups was initiated immediately
after completing the periodontal surgery (Figure 6).

All patients included in the study were instructed to
rinse twice daily for two minutes for two weeks after
surgery with 0.12% chlorhexidinegluconate (Antiseptal,
Kahira Co. for Pharm. and Chem., IND. Cairo-ARE)
and not to brush the treated area for the first two weeks.

Figure 6. Alveolar process change during combined
regenerative/orthodontic treatment
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Systemic antibiotic therapy of doxycycline hyclate
(Doxymycin, Nile Co. for Pharm. and Chem., IND.
Cairo-ARE), 100 mg every 12 hours for 10 days was
prescribed. Recall appointments were carried out every
week for the first month and then monthly for profes-
sional prophylaxis and oral hygiene reinforcement.

Statistical Analysis

Sample size calculationswere achieved using http://
biomath.info/power based on a previous study by
Saglam ez al, (2014). A total sample size of 14 patients
(7 in each group) was sufficient to detect the difference
based on this calculation. However, the present study
was carried on fifteen patients with thirty defects (fifteen
in each group).

The collected data were tabulated and statistically
analyzed using statistical program SPSS version 16.0
(Statistical Package for Social Sciences, SPSS, Inc.,
Chicago, 1L, USA). Student’s t-test was used to test
the effect of group on different measurements within
each interval. Paired t-testwas run to test the effect of
intervals on different measurements within each group.

Results

All 15 patients completed treatment and had no adverse
reactions to therapy. Healing was uneventful in the 30
sites involved in this study.

Clinical parameters

Probing depth

The mean PD reduction in the two groups is shown
in Figure 7. Mean PD recordings within Group 1 (the

combined orthodontic regenerative therapy with diode
laser application)showed a highly significant reduction
during the study period(Pralne = 0.000), at baseline it
was 6.83+0.58 mm, 6 months 2.92+0.67 mm and at
9 months 2.42+0.67 mm with maximum reduction
in probing depth noticed after 9 months (2.4210.67).
Throughout the study period there was a highly
significant reduction in PD for group II (combined
orthodontic regenerative therapy with no diode laser
application) between the baseline (6.42+1.16 mm) and 6
months (3.50%0.67 mm). Moreover, a highly statistically
significant reduction in probing depth between baseline
and 9 month readings was recorded. Nine month read-
ings were 2.2570.96 mm with total reduction in PD
2.17£0.20 mm.As shown in Table 1, in Group I, there
was a reduction in PD by 57.25% and 64.57% at 6 and
9 months, respectively. Group II showed a decrease in
PD by 45.48% and 64.95% at 6 and 9 months respec-
tively, compared to baseline measurements. Statistical
analysis regarding mean percent change in PD showed
a no statistical significant differences in PD reduction
at 6 and 9 months respectively (P = 0.027, P = 0.902)
among the two groups.

Clinical attachment level

The mean clinical attachment level (CAL) results within
Group I are shown in Figure 8. Throughout the study pe-
riod there was a highly significant gain (baseline 5.17+1.26
mm, 6 months 2.4211.37 mm, 9 months 2.08+£0.79
mm). Maximum gain of clinical attachment was noticed
at 9 months which reached 3.09£0.47 mm. There was a
non-significant difference between the 6 and 9 months
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Figure 7. Change in mean probing depth in both groups.
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Table 1. Descriptive statistics (mean + SD) and test of significance for the percentage changes in probing depth

between the two groups

Group | Group Il Independent t-test
Mean = SD Mean = SD t p-value
Baseline-6 months 57.25+17.30 45.48 £ 13.25 -2.416 0.021
6-9 months 1712+ 433 37.71 = 9.57 8.766 0.000
Baseline -9 months 64.57 + 9.37 64.95 + 10.07 0.124 0.902

readings. Table 2 shows the mean percent change in clinical
attachment level from baseline in Group I was 53.19%
and 59.77% at 6 and 9 months. In Group II, the mean
percent change in CAL was 38.83% and 38.83% at 6 and
9 months, respectively. Upon comparing both groups,
Group I showed the maximum percent gain in mean
CAL measurements (59.77%) with a statistical significant
difference at the end of the study period (P = 0.000).

Radiographic parameters
Bone density

Bone density measurements were performed by an
operator blinded to the participants and the nature of
the study. Bone density measurements within Group
I throughout the study period showed a no statisti-
cal significant decrease in measurement between the
baseline and 6 and 9 months (baseline 43.3112.3, 6
months 36.819.2 and 9 months 41.7+10.6). Group 11
throughout the study period showed no statisticalsig-
nificant decreases in measurements between baseline, 6
and 9 months readings (baseline 42.8+16.7, 6 months

32.2%10.4, 9 months 34.119.6). During the period of
active tooth movement (baseline to 6 months) both
groups demonstrated percentages of decrease in bone
density. The mean percent decrease in bone density for
Group I was -15.40%, while it was -24.77% for Group
II. The difference between the two groups in percent
change in bone density from baseline to 9 months
post-treatment was statistically significant (P = 0.000)
whereasthe mean percentdecrease in bone density for
Group I was -4.14% while it was-20.33% for Group 11
(Table 3 and Figure 9).

Discussion

Despite interest in orthodontic treatment on periodon-
tally compromised patients (Maeda ¢ a/, 2007; Ogihara
and Wang, 2010; Attia ¢f a/, 2012; Cao ez al., 2015), no
studies have been performed investigating the adjunctive
use of low level application of diode laser with com-
bined orthodontic regenerative therapy. Thus, this study
was undertaken to evaluate the efficacy of adjunctive use
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Figure 8. Change in mean clinical attachment level in both groups.
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Table 2. Descriptive statistics (mean + SD) and test of significance for the percentage changes in clinical attachment

level between the two groups

Group | Group I Independent t-test
Mean = SD Mean + SD t p-value
Baseline-6 months 53.19 + 7.89 38.83 + 10.7 - 4.831 0.000
6-9 months 14.04 = 3.25 1.25+ 33 -12.349 0.000
Baseline -9 months 59.77 £ 12.1 38.83 £ 7.56 - 6.564 0.000

Table 3. Descriptive statistics (mean + SD) and test of significance for the percentage changes in bone density

between the two groups

Group | Group I Independent t-test
Mean + SD Mean + SD t p-value
Baseline-6 months 15.40 £ 7.65 24.77 +10.39 3.248 0.002
6-9 months 13.32 £ 5.87 5.90 + 3.25 -4.946 0.000
Baseline -9 months 414 +£3.17 20.33 + 5.37 11.611 0.000
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Figure 9. Change in mean bone density in both groups.

ofdiode laser biostimulationwith combined orthodontic
regenerative therapy clinically and radiographically.

To test effects of orthodontic tooth movement on
a reduced periodontium and regenerative periodontal
therapy in a reduced periodontium, several studies have
been conducted which concluded that orthodontic
tooth movement could enhance different regenera-
tive procedures (Maeda e a/., 2007; Attia ef al., 2012;
Cao ¢t al., 2015). This contribution to bone formation
by mechanical loading forcescould play a significant
role in new tissue formation. The integrin-mediated

signal transduction cascade is the main mechanism of
mechanotransduction in cells and is associated with
osteogenesis. Cell multiplication is the first reaction. In-
deed, fibroblast numbers were doubled in the three days
after the commencement of tooth movement (Meikle,
2000). Orthodontic tooth movement can stimulate
pre-osteoblasts and mesenchymal cells to differentiate
into osteoblasts (Faber ¢z al., 2005). Motreover, intense
production of TGF-81 mRNA and the translated
protein contributes to angiogenesis and coincides with
osteoblast migration, differentiation and the formation
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of extracellular matrix (Mehrara ef a/., 1999). Concut-
rently, expression of BMP2, 4 and 7 in the connective
tissue is also increased (Mehrara ez a/., 1999).

Both guided tissue regeneration and grafting proce-
dures are means of achieving periodontal regeneration
(Scantlebury and Ambruster, 2012). Tiefengraber ef al.
(2002) demonstrated that the transverse dimension of
the alveolar bone can be preserved by using a bartier
membrane. They also convincingly showed that gingival
invagination can be prevented using this technique.
Gingival invaginations create niches in patients with
poor oral hygiene that may lead to increased marginal
bone loss, a reduction in the interdental bone height,
and slower orthodontic space closure (Wehrbein ez a/.,
1993). The use of bone grafts might also reduce the
risk of gingival invaginations and enhance new bone
formation (Reichert ez a/., 2009).

In this study both experimental groups showed
greater reduction in probing depth and gain in clinical
attachment level throughout the study interval. Group I
which was treated by combined orthodontic regenerative
therapy with laser irradiation showed the highest percent
gain in clinical attachment at 9 months (59.77+12.1%).
This could be due to the effect of regenerative ma-
terials and the laser biostimulation to fibroblast and
keratinocyte motility, collagen synthesis, angiogenesis
and growth factors release, thus facilitating the healing
process (Amorim et al., 2000).

The decrease in bone density associated with or-
thodontic tooth movement might be attributed to ap-
plication of orthodontic force that results in physical
distortion of the periodontal ligament and alveolar bone
cells. This can also trigger a multilevel cascade of signal
transduction pathways, including the prostaglandin
E, (PGE,) pathway, which in turn initiates structural
and functional changes (Davidovitch ez a/, 1988).The
production of PGE,, a key factor involved in the destruc-
tion of periodontal tissues, is primarily catabolized by
cyclooxygenase-2 (COX-2) (Correa et al, 2007; Pejcic ez
al, 2010). The increased expression of COX-2 results
in increased PGE, and subsequent IL-1@ production
stimulating osteoclastic activity and further destruction
of the supportive periodontal tissues (Trelles, 1987;
Sakurai ef a/., 2000).

Moreover, the cytokine expression pattern found at
both the pressure and tension sides shows higher expres-
sion of all cytokines when compared to the periodontal
ligament of teethnoit subjected to orthodontic forces. The
compression side exhibits higher expression of TNF-a,
matrix metalloproteinase I (MMP-1) and RANKL,
whereas the tension side has a higher expression of type 1
collagen, I1.-10, tissue inhibitor of matrix metalloprotein-
ase I (TIMP-1), osteoprotegerin (OPG) and osteocalcin
(OCN). The expression of TGF-p is similar in both
pressure and tension sides(Gatlet ¢f al, 2007).

The reduction in bone density associated with or-
thodontic tooth movement was 4.14£3.17 for Group 1
where laser application was used, while Group II with
no laser application showed 20.33+5.37 reduction.
There was a significant difference in bone density among
both groups at 9 months. This could be due to the
incorporation of antimicrobial, anti-inflammatory and
bio-stimulating effects of diode laser on the periodontal
tissues with combined regenerative therapy in Group 1.

On the other hand, the use of low-level laser treat-
ment provides anti-inflammatory effects similar to non-
steroidal anti-inflammatory drugs (NSAIDs), which are
mainly achieved through inhibition of the expression of
COX-2, PGE2, and histamine (Chomczynski ez al.,, 1987,
Noguchi ez al., 2001, Pseveski et al., 2017). Prostaglandin
inhibition has been demonstrated following laser appli-
cation (Pejcic ez al, 2010; Sobouti et al., 2015). Mizutani e
al.(2004) showed that low-level laser therapy inhibits the
cascade of the arachidonic acid in damaged tissues with
subsequent decrease in production of inflammatory cy-
tokines. Recently, Saglam ez a/. (2014) showed adjunctive
use of a diode laser provided significant improvements and
reduction in IL-18, IL-6, MMP-land MMP-8 in the first
month following non-surgical periodontal therapy. Di-
ode lasers can also prevent plasminogen increased activity,
and prostaglandin synthesis. They can also reduce IFN-y,
while having a stimulating effect in the production of
platelet derived growth factor (PDGF) and transforming
growth factor-B (TGF-B). Thus, the anti-inflammatory
effect of lasers arise through a number different mecha-
nisms (Sobouti ez af,, 2015).

Conclusion

In conclusion, the combined orthodontic and regenera-
tive therapy resulted in favorable clinical and radiographic
outcomes. Defectsin which combined orthodontic/
regenerative therapy with low laser application (Group
I) demonstrated superior results than defects in which
combined orthodontic/regenerative therapy was used
alone (Group II). Further controlled and prospective
studies are necessary to study the effects of diode lasers
on orthodontic regenerative therapy.
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