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Introduction

A standout

among well-known

Abstract

AIM: The aim of the study was to evaluate the effect of Low-Level Laser Therapy (LLLT) on bone
formation in cystic defects following cyst enucleation.

PATIENTS AND METHODS: The sample was composed of sixteen patients with enucleated
maxillary bony cystic lesions. With an age range from 20 - 44 grouped as eight Laser and eight
Control patients. Laser group was subjected to low intensity diode laser immediately after surgery
and then for three times per week for two weeks using a therapeutic laser irradiation. Group B
(control group): patients were not subjected laser therapy.

RESULTS: The predictor variable was exposure of bone defect to LLLT or none. The outcome
variable was bone density changes measured by digital radiographs at day 1 and days 90
postoperatively. Descriptive and bivariate statistics were computed. There were no statistically
significant differences between the 2 groups for the bone density at day 1. There was a statistically
significant difference in bone density changes in each group at day 90: Significant at P < 0.05. After
adjusting for differences in day 1 for bone density, the estimated mean change in bone density
changes at day 90 was significantly larger for Laser compared with control.

CONCLUSION: The results of this study suggested that LLLT can enhance bone healing in
maxillary cystic defects. This can serve as an adjunct method in preventing possible delayed
healing and pathological fractures This also will be helpful for more researchers in early loading in
case of dental implants to accelerate osseointegration.

outcome of the bone healing process [3]. Low-Level
Laser Therapy (LLLT) is a form of phototherapy that
involves the application of low power monochromatic

issues and coherent light to areas of injuries and lesions. It

confronted by oral and maxillofacial specialists are the
osseous defects and dead spaces and how can be
obliterated and augmented in the facial
regions.unerupted tooth and bone loss after its
removal,remaining roots and enucleation of cysts.all
of these makes prosthetic rehabilitation and implant
application more complicated [1].

Bone is undergoes remodelling via cycles of
bone resorption and bone formation which is
considered a mineralized connective tissue [2], an
inflammatory immune reaction which is triggered by
local injury which is thought to highly influence the

has been shown to induce wound healing in non-
healing bone defects [4].

The bone healing is a multidimensional
process of reconstruction of the bone tissue with an
overlapping timeline. Because of the regeneration
ability of the bone, bone defects can heal
spontaneously under suitable physiological
environmental conditions. The healing process of the
bone defect is time-consuming, and new bone
generation takes place slowly because of diminished
of blood supply to the fracture site and insufficiency of
calcium and phosphorus to strengthen and harden
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new bone [5].

The low-level laser therapy (LLLT) has a
positive effect on bone tissue metabolism and on
fracture consolidation [6, 7]. 980-nm GaAlAs low-
intensity diode laser irradiation is beneficial for the
initial stages of alveolar bone healing and for further
calcification In both diabetic and normal rats under
Histological observations and gene expression
analyses when applied every day at a dose of 13.95
J/icm2 for 60 sec [8].

The purpose of this study was to evaluate the
effect of LLLT on bone healing. The investigators
hypothesised that LLLT will have an effect on
stimulation of bone healing, more than in control
group. The specific aims of the study were: measuring
the bone density by assessing the bone density
changes after applying LLLT using direct digital
radiography (Diogra).

Patients and Methods

This research was approved by National
Research Center (Medical Research ethical
Committee).

The study included sixteen healthy patients
with an age range of 20-44 years presenting with
intrabody maxillary cystic lesions that were blindly
divided into two equal groups, eight patients each;
Laser group, where patients were subjected to low-
intensity diode laser application after surgery to the
area of the enucleated lesion and Control group
where patients were not subjected to low-level laser
therapy.

Patients were assessed radiographically for
changes in bone density using direct digital images
that were obtained by means of size 2
photostimulable plate (PSP) using the Digora Optime
imaging system (Soredex, Tuusula, Finland) at day 1
postoperative and at day 90.

The study population was composed of all
patients presenting to National Research Center,
Giza, Egypt for evaluation and management of painful
maxillary anterior teeth with a cystic lesion to be
included in the study sample cystic lesion with
maximum size 3 x 4 cm. Patients were excluded as
study subjects if they have any systemic disease that
interferes with bone healing.

Following a thorough preoperative
assessment, patients were scheduled for enucleation
of the cystic lesions (Fig. 1) and were randomly
divided into 2 equal groups.

Figure 1: Photograph showing the bony cavity after removal of the
cyst

Group A (Laser group): Patients were
subjected to low intensity diode laser "soft-laser-
SL202" ("PERTO LASER", pr. Stachek, 47, Saint-
Petersburg, 198097, Russia) immediately after
surgery and then for three times per week for two
weeks. The method of irradiation is scanning
uniformly over a surface of the lesion. the spot
diameter 2mm.with the intensity 1591 mwW/cm? and
the dosage 24 Jiem?, that corresponds to action by
continuously modulated radiation (CW mode) of
power 50 mW with an 870nm wavelength and
exposure time 60 sec (Fig. 2).

Figure 2: Photograph showing application of LLLT

Group B (control group): patients were not
subjected to low-level laser therapy.

Data was analysed by Descriptive and
Method of Density Measurement with Area
measurement (area density index) (Fig. 3).

A rectangle area was marked included the
area of enucleated cyst and apices of the affected
teeth to take the mean of density in the bone area, but
digora software does not allow hands-free
measurements - only rectangle measurements.

Patients were evaluated at day 1 and day 90
for changes in bone density using digital radiography
(Soredex, Tuusula, Finland) operating with tube
voltage 70 kVp and tube current 7 mA at 0.08 second.
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Figure 3: A digital radiograph of one of the investigated cases
demonstrating rectangles drawn to calculate the mean of area
density measurement

Results

Descriptive statistics of (bone density) for
different experimental factors (time and
treatment groups)

The results of bone density for different
experimental factors are shown in Table 1.

Table 1: Descriptive statistics for the primary outcome variable
(bone density) for different experimental factors (time and
treatment option)

Comparison of (bone density) for different
experimental factors (time and treatment
option)

The results of comparison for bone density for
different experimental factors (time and treatment
option) are shown in Table 2.

Table 2: Comparison of (bone density) for different
experimental factors (time and treatment option)

Laser Control F- value P-value

Mean SD Mean SD

Day 1 52.559  8.562 52.99  7.566 1.956 0.145
Day 90 98.384 10.956° go0;  55.764 7.437° 5001 332.872  <0.001*
Difference 45.825 2.775
t-value 23.304 1.849
P-value <0.001* 0.067

SD = standard deviation; Different small letters indicate significant difference according to
Tukey test; the subscribed value is the P-value for the Tukey test, * is Significant at P <
0.05.

At day 1 there was no statistical significance
difference between (Laser) (52.559) and (Control)
(52.99), where p = 0.145.

Table 3: The mean, standard deviation (SD) and percentage of
bone density change after different methods of treatments

Variables Change in bone density % of change

Groups Mean +SD Mean +SD
Laser (A) 43.85 +11.06° 77.94 % +17.94%
Control (B) 13.64 +1.34% 24.18 % +5.98%
P-value 0.001*

Treatment ;0 Mean  SD SE cl Max  Min

option

Locer Day 1 52559 8562 1211 2433 65 3085
Day 90 98.384 10956 1540 _ 3114 132 87
Day 1 5209 7566 107 2.15 6945 40

Control Day 90 55764 7.437 1052 2114 713 _ 45

SD: Standard deviation; SE=standard error of mean; Cl =confidence interval of the mean;
Max=Maximum recorded value; Min = Minimum recorded value.

Laser (A) group: The highest Bone density
mean value was recorded at (day 90) (98.384). While
the least Bone density mean value was recorded
within (day 1) (52.559). There was a statistically
significant difference between (Dayl) and (day 90),
45.825 where p-value < 0.001.

For Control (B) groups: The highest Bone
density mean value was recorded at (day 90) (55.764)
and the least bone density on day 1 (52.99). There
was a statistical significance difference between (Day
1) and day 90, 2.775 where (p = 0.067).

At day 90 there was a statistically significant
in favour of the laser group compared to control group
(Table 3).

Figure 4: Photo radiographs showing changes in bone density in
the two groups where a) preoperative, b) day 1 postoperative and
day 90 postoperative the last one
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Pain Scores Results

For Laser (A) groups the results showed that
there is a significant decrease in pain scores from day
1 (6.5 1) till day 3 (2 £ 0) and day 5 (0.5 * 0.5) with
no pain at all in day 10 (Fig. 5A).
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Figure 5: A) Line chart representing pain scores in Laser group; B)
Line chart representing pain scores in Control group

For Control (C) groups the results showed
that there is a decrease in pain scores from day 1(6.5
t 1) but there was an increase again in pain on day 4
(5.25 + 1.25) then a gradual decrease in pain till day 8
(1.25 £ 0.75) (Fig. 5B).

The results showed that there was a
significant decrease in pain scores in Laser group as
compared to the control group.

Discussion

After enucleation of jaw cysts, the residual
cavity is a common bone defect. Osteogenesis of
bone in the cystic cavity begins with the formation of a
blood clot, which is later replaced by osteogenic
granulation tissue [9]. So, the objective of the current
study was to evaluate the stimulatory effect of low-
level laser therapy on osteogenesis following
enucleation of maxillary cystic lesions. The results
showed more superior effects of laser on bone
density.

For the preservation of morphological contour,
which is obligatory for prohibition the surrounding soft
tissue incorporation into the bony defect, restoration of
mechanical strength & function, and prevention of
infection is very important. The applying new
modalities for promoting bone repair are very

important [10-12].

LLLT and its biostimulation effect were
studied in different fields. Most of these studies were
directed towards the effect of LLLT on wound healing.
But its effect on bone remodelling and repair is
deficient in the literature [13-15].

Results of many studies seem to depend on
delivery of appropriate energy levels, the type of laser
(wavelength) used, the frequency of session and
duration of exposure. Several of these studies did not
describe the levels of laser energy used to stimulate
stimulatory effects or the exposure parameters. This
caused controversy when determining whether or not
these lasers influence healing effect [16, 17].

In this study, sixteen patients were presented
with intrabody maxillary cystic lesions were divided
into two equal groups, eight patients each; Laser
group, where patients were subjected to low intensity
diode laser with 870 nm wavelength the spot diameter
2mm with the intensity 1.592 mW/cm? and the dosage
24 Jlcm?, that corresponds to action by continuously
modulated radiation (CW mode) of power 50 mW and
exposure time 60 sec. Application after surgery to the
area of the enucleated lesion and a Control group
where patients were not subjected to low-level laser
therapy.

In this study, enucleation was chosen over
marsupialization following the universal agreement to
the treatment goals and basic therapeutic principles of
surgical enucleation of the cyst and obturation of the
root canal of the affected teeth to eliminate the
necrotic tissues (bacteria and toxins) and avoid the
recurrence [18].

In laser group patients were subjected to low-
intensity diode laser immediately after surgery for
three times per week for two weeks. This was in
accordance with a study which discussed the effect of
low-intensity laser on bony cavities after removal of
cysts of the jaws and applied low-level laser therapy
starting from the second day of the surgery for two
weeks, three times per week.

But there was another study [18] which
discussed the effect of low-level laser therapy (LLLT),
using a GaAlAs diode laser device, on bone healing
and growth in rat calvarial bone. Diode laser was
applied immediately after surgery and then daily for 6
sequential days. The tissue samples from the
experimental animals contained significantly more
calcium, phosphorus, and protein with additionally
maintained angiogenesis than the control group.
Furthermore, connective tissue formation and more
advanced bone formation were found in the
experimental group than in the controls.

The bone density was measured at day 1 and
day 90 postoperatively. This time was chosen in the
current study close to the time of a previous study in
which the cone beam digital radiographs were
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performed to measure the bone density within the
bony cavity in groups of study at time intervals of day
1 and 4 months after the surgical procedure.

Comparing both groups regarding the change
of bone density throughout the study period showed
there was no significant difference between both
groups at day 1 post surgically, while the bone density
in laser group was statistically highly significant than
the control group at four months post-surgically.

Radiography is the major non-surgical method
for detecting bone formation in a healing osseous
defect. Thus it is useful in clinical situations because
of its continuity of measurements, and non-invasive
nature. Bone healing is radiographically expressed as
an increase in radiopacity, resulting in a higher optical
density of the bone image. Computed tomography is a
more precise method to evaluate the bone healing
process after cyst enucleation, but it produces a
relatively high cost for routine follow-up examination
[19].

Evaluation of bone density was carried out at
the apical area to assess the changes in density
within three months from the day of cyst enucleation.
The results of the current study revealed an increase
in the bone density in laser group throughout the
follow-up period. This was the same results revealed
in many other studies [13, 14, 20] which found that the
area of greatest bone destruction is usually centred
around the apex of the tooth with sclerotic pattern
located at the periphery. This is an area which has the
highest healing activity.

The bone density of the patients in laser
group was higher than that the control group three
months post-surgically. These results were found to
be significant. This could be explained according to
the results of several studies [2, 9, 23-25] which

detected that, low-intensity laser was found to
stimulate  microcirculation,  enhance  fibroblast
proliferation, increase osteoblastic activity and

stimulate the production of ATP which plays an
important role in accelerating mitosis, as well as
improving the host immune response. Moreover, the
use of low-level laser therapy (LLLT) could enhance
callus development in the early stage of the healing
process [26], with doubtful improvement in
biomechanical properties of the healing bone.

The rate of increase of bone density was
significantly higher in the laser group. This
enhancement of osteogenesis was thought to be due
to the increase of osteoblastic activity induced by
laser application [23]. LLLT induces the expression of
bone morphogenic protein-2 (BMP-2), transforming
growth factor-B (TGF-B) in 1% hypoxic cultured
human osteoblasts, osteocalcin, type | collagen and
so enhance osteogenesis. That also matched with
anther study [25] which reported a significance
increase in the recorded levels of alkaline
phosphatase enzyme, which is a common parameter
that measures the differentiation of osteoblasts and

identifies osteogenic activity. It is known to be
associated with bone metabolism and differentiation of
osteoblasts. This also was in agreement with another
study which concluded that soft diode laser has a
biostimulation effect in the process of bone formation
after surgical bone removal and that it increase bone
repair at early bone healing.

These results also were in agreement with
several studies [8, 14, 26], which the authors recorded
an increase in the percentage of bone density values
in the laser groups when compared with the non-laser
groups. The low-intensity laser was proven to have a
stimulatory effect on bone regeneration and
apposition.

Furthermore, these findings have a great
support with histological observations, which
explained by further studies [8, 18, 27]. By using
atomic absorption spectroscopy, colorimetry, and
photometry used to determine the levels of calcium,
phosphorus, and protein. They found that in the
experimental group [GaAlAs (980 nm) diode laser was
applied], the tissue samples contained significantly
more calcium, phosphorus, and protein than the
controls. Similarly, histological analyses disclosed
more pronounced angiogenesis and connective tissue
formation, and more advanced bone formation in the
experimental group than in the controls.

The dose of the laser is still a complicated
subject. And any mistake in parameters may give an
illusory picture. We have chosen our laser parameters
by getting specifications from manufacturers of the
entire laser used in the reported trials and we have
recalculated all power densities, dose per treatment
sessions and time of treatment sessions. Most of the
literature on LLLT is full of conflicting reports and this
due to lack of dosage unanimity [28]. In one study the
authors assessed whether LLLT enhances bone
regeneration and osseointegration of dental implants
following sinus augmentation, this experimental study
in a sheep model using cancellous bone graft. The
authors didn’t find a positive impact of LLLT on bone
regeneration. This is opposite to our findings but in
our opinion, this may be due to the authors applied
LLLT for only three times during the first postoperative
week with a diode laser (75mW-680 nm) and this is a
lower wavelength and laser duration of application of
LLLT from a current study.

In conclusion: (1) low-level laser therapy has
a significant effect on bone healing after enucleation
of cystic lesion regarding bone density measured by
direct digital radiography; (2) the results from this
study will possibly aid in the prevention of pathological
bone fracture following enucleation of large cysts and
tumours. However, this needs large sample size with
larger defect sizes to confirm help in avoiding
pathological bone fracture after large cysts or tumour
removal; (3) this also will be helpful for more
researchers that will help in early loading in case of
dental implants as it can accelerate osseointegration.
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