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Abstract This work carried out a histological analysis on
bone defects grafted (MTA) treated or not with LED, BMPs,
and membrane (GBR). Benefits of their isolated or
combined usage on bone repair were reported, but not

their association. Ninety rats were divided into ten
groups and each subdivided into three. Defects on G
II and I were filled with the blood clot. G II was further
LED irradiated. G III and IV were filled with MTA; G
IV was further LED irradiated. In G V and VI, the
defects were filled with MTA and covered with a mem-
brane (GBR). G VI was further LED irradiated. In G
VII and VIII, BMPs were added to the MTA and group
VIII was further LED irradiated. In G IX and X, the
MTA+BMP graft was covered with a membrane (GBR).
G X was further LED irradiated. LED was applied over
the defect at 48-h intervals and repeated for 15 days.
Specimens were processed, cut, and stained with H&E
and Sirius red and underwent histological analysis. The
use of LED light alone dramatically reduced inflamma-
tion. However, its use on MTA associated with BMP
and/or GBR increased the severity of the inflammatory
reaction. Regarding bone reabsorption, the poorest result
was seen when the LED light was associated with the
MTA+BMP graft. In the groups Clot and MTA+GBR,
no bone reabsorption was detectable. Increased collagen
deposition was observed when the LED light was asso-
ciated with the use of the MTA associated with BMP
and/or GBR. Increased new bone formation was observed
when the LED light was used alone or associated with the
use of MTA+GBR, MTA+BMP, on association of MTA+
BMP+GBR and when BMP was added to the MTA. Our
results indicate that the use of LED light alone or in
association with MTA, MTA+BMP, MTA+GBR, and
MTA+BMP+GBR caused less inflammation, and an
increase of both collagen deposition and bone deposition as
seen on both histological and morphometric analysis.
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Introduction

Bone defects often demand the use of biomaterials as the
body is often not able to repair itself alone. The heterotro-
phic formation of bone induced by devitalized demineral-
ized bone matrix has been indicated as a very interesting
way of treating bone defects, as it has osteoinductive
properties due to the presence of soluble growth factors
on its composition [1].

Bone loss occurs due to many pathologies, trauma, or as
a consequence of surgical procedures. Several techniques
for the treatment of bone defects have been proposed, in-
cluding the use of several types of grafts, membranes, and
the association of both techniques [1].

Mineral trioxide aggregate (MTA) is a powder aggregate
containing mineral oxides that have no cytotoxicity and good
biological response. It stimulates tissue repair by increasing
cellular adhesion, growth, and proliferation at its surface. The
use of MTA has been shown to cause an overgrowth of
cementum and on facilitating the regeneration of the periodon-
tal ligament as well as the deposition of new bone [2–10].

Previous histological reports have indicated that MTA
stimulates the formation of bone or cementum on both
periodontal or in artificial bone defects [2–10]. In addition,
MTA has antibacterial properties [9], enhanced tissue disso-
lution, and also induces bone formation [10]. It has been
suggested that a rise in pH induced by calcium hydroxide
combined with the availability of Ca2+ and OH– ions causes
stimulation of the enzymatic pathways and, therefore, on
bone mineralization [11].

Guided bone regeneration (GBR) is a technique based on
the guided tissue regeneration (GTR) procedure that has
been in use for more than a decade [12] and it is used to
stimulate wound healing and to favor the regeneration of
tooth-supporting structures [13]. The use of GBR associated
with the use of biomaterials has been considered to be
beneficial for the healing of bones [1].

We have shown that the use of near-infrared laser photo-
therapy (NIR-LPT) is effective in bone repair, including its
association with biomaterials [1, 14–17]. We demonstrated
that the improvement of bone neoformation and maturation
on irradiated subjects is associated with the increased depo-
sition of calcium hydroxyapatite (CHA) during the early
stages of healing and that maturation represents increased
secretion by osteoblasts on irradiated subjects. Large
amounts of CHA on bone are indicative of a more resistant
and calcified bone [1, 14–17].

It is known that laser phototherapy (LPT) has the ability
to stimulate cell proliferation, including fibroblasts, which

have the capacity to secrete collagen, the main organic
component observed during bone repair [1, 14–17].

Light emitting diodes (LEDs) are solid-state semiconduc-
tor devices that contain a single p–n junction, that is, the
junction of a p-type layer where the carriers are positively
charged holes and an n-type layer in which current is carried
by mobile electrons. LEDs are complex and able to convert
electrical current into incoherent narrow-spectrum light.
Emitted light is now available at wavelengths ranging from
ultraviolet (UV) to visible to near-infrared (NIR) bandwidth
(247–1,300 nm). A significant difference between lasers and
LEDs is the way the light energy is delivered. LEDs
provide a much gentler sdelivery of the same wavelengths
of light compared to lasers and at a substantially lower energy
output. LEDs do not deliver enough power to damage tissues
and do not have the same risk of accidental eye damage that
lasers do [18].

Several studies, both in vitro and in vivo, have shown
that LEDPT influences tissue repair. However, a full under-
standing of the mechanisms involved in this is not yet
achieved. It seems possible that LEDPT presents beneficial
effects similar to the ones observed when LPT is used, as
several reports on the benefits of the use of LEDs operating
at different wavelengths have been published elsewhere
both in vitro and in vivo on both normal and pathologic
conditions [19–27]. It is also possible that the mechanism
involved may be similar.

Although several reports have suggested benefits of the
isolated or combined use of MTA, BMPs, and GBR on the
repair of bone defects, their use in association with LED
phototherapy has not yet been studied. It might be possible
that the observed benefits of the isolated use of each one
could be improved with their association, as near-infrared
LED light may be able to reproduce satisfactorily many of
the effects of near-infrared laser light already reported else-
where in the literature [1, 14–17].

The rationale for the association of MTA, BMPs, and
LED light in this work was based on the idea that BMPs
combined with an osteoconductive substance, such as the
MTA, and LED light (with its well-recognized positive
effects on cell proliferation and functioning as well as on
the increase secretion of many growth factors) would
improve the repair of bone defects in a manner similar
to that observed when using an autogenous bone graft
while avoiding the complications and limitations associated
with autogenous bone grafting, which up to now remains as
the gold standard for treating bone defects.

As suggested by previous reports in the current literature,
LTP is capable of improving bone healing. In addition, it is
possible that the use of LED light associated with the MTA
may also improve the outcome of the treatment of bone
defects. Thus, the aim of the present investigation was to
study, histologically, the effect of NIR LEDPT on the healing
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of bone defects grafted or not with MTA and associated or not
with the use of BMPs and GBR on a rodent model.

Materials and methods

The Animal Ethics Committee of the Vale do Paraiba
University1 approved this work. Ninety healthy adult male
Wistar rats (~2 months old, average weight 295±25 g) were
kept under natural conditions of light, humidity, and temper-
ature at the Animal House of the Research and Development
Institute of the Vale do Paraiba University during the experi-
mental period. The animals were fed with standard laboratory
pelted diet and had water ad libitum. The animals were kept in
groups of five on individual metallic gages; kept at day/night
light cycle and controlled temperature during the experimental
period. The animals were randomly distributed into ten groups
and then subdivided into three subgroups according to the
animal death timing. The distribution of the animals may be
seen in Table 1.

Prior to intramuscular general anesthesia, the animals
received 0.04 ml/100 g of atropine subcutaneously. The
anesthesia was carried out with 10% ketamine (0.1 ml/
100 g2)+2% xylazine (0.1 ml/100 g3). The animals had
their right leg shaved and a 3-cm-long incision was performed
at the right tibia with a no. 15 scalpel blade. Skin and subcu-
taneous tissues were dissected down to the periosteum, which
was gently sectioned exposing the bone and a standard partial
thickness 2-mm-round defect was surgically produced (low
speed drill, 1,200 rpm, under refrigeration) in each animal.

The animals in groups II and I were filled only with the
blood clot. Subjects in group II were further irradiated with
LED light. The bone defects on the remaining groups were
filled with MTA4+collagen gel.5 The animals of group IV
were further irradiated with LED light. In groups V and VI,
the bone defects, filled with the MTA, were covered with a
reabsorable membrane.6 The animals of group VI were
further irradiated with LED light. In groups VII and VIII,
a pool of BMPs7 was added to the biomaterial (MTA) and
was further irradiated with LED light. In groups IX and X,
the MTA+BMP graft was covered with the membrane.
Subjects in group X were further irradiated with LED light.
All wounds were routinely sutured and the animals received
a single dose of Pentabiotico®8 (0.02 ml/100 g, penicillin,

streptomycin, 20.000 IU) immediately after surgery. Animal
death occurred after 15, 21, and 30 days after the surgery
with an overdose of general anesthetics.

LEDPT was carried out with the FisioLED© device9

(λ850±10 nm, 150 mW (0.15 W), area00.5 cm2, 54 s,
0.3 W/ cm2, 16 J/cm2, 16 J), was transcutaneously applied
over the defect at 48-h intervals (16 J/cm2) being the first
session carried out immediately after surgery and repeated at
every 48 h for 15 days (16 J/cm2 per session) and a total
treatment dose of 112 J/cm2. Doses used here were based
upon previous studies using laser light carried out by our
group [1, 14–17].

Following animal death, the samples were longitudinally
cut under refrigeration (Bueler®, Isomet TM1000; Markham,
Ontario, Canada) and the specimens kept on 10% formalin
solution for 24 h. The specimens were routinely processed to
wax, cut and stained with hematoxylin and eosin and Sirius
red, and then underwent histological analysis at the Labora-
tory of Surgical Pathology of the School of Dentistry of the
Federal University of Bahia by two experienced pathologists
in a blind manner using a light microscope (AxioStar®, Zeiss,
Germany). The criteria used in the histological analysis are
shown in Table 2 and were previously used by our team [1,
14–17]. Statistical analysis was carried out using Minitab 15
Software. Significance level was set at 5%.

Results

Clot

On day 15, the defect was partially filled with newly formed
bone displaying non-aligned osteocytes with each other as
well as thin and irregular trabeculi. Medullar tissue and
moderate chronic inflammation were seen and scored as
discrete. Osteoblastic activity could be seen and there were
no signs of reabsorption (Fig. 1a). On day 21, the defect
was mostly filled with new bone and it was more regular
than at day 15, and with moderate chronic inflammation.
Some specimens showed remnants of cartilaginous tissue
and no signs of reabsorption were seen. At the end of the
experimental period, the defect was completely filled by
lamellar bone and few Haversian systems were seen. The
trabeculi were more regularly disposed and showed some
osteocytes and remnants of cartilage surrounded by bone.
Neither reabsorption nor inflammation was observed.

MTA

At day 15, the defect was filled by neoformed bone charac-
terized by interconnecting trabeculi showing osteocytes on its

1 Approved, April 11, 2006, Law 6.638/1979
2 Syntec do Brasil, Cotia, SP, Brazil
3 Syntec do Brasil, Cotia, SP, Brazil
4 Angelus®, Angelus Indústria de Produtos Odontológicos S/A,
Londrina, PR, Brazil
5 Gencol®, Baumer S.A, Mogi das Cruzes, São Paulo, Brazil
6 Genderm® , Baumer S.A, Mogi das Cruzes, São Paulo, Brazil
7 Genpro®, Baumer S.A, Mogi das Cruzes, São Paulo, Brazil
8 Fort Dodge Ltda, Campinas, SP, Brazil 9 MMOptics, São Carlos, São Paulo, Brazil
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matrix and osteoblasts at the surface. Remnants of cartilage
and moderate chronic inflammation were also seen dispersed
within a fibro-vascular tissue. A few points of surface necrosis
and remnants of the biomaterial could be seen. Discrete bone
reabsorption was observed at this stage (Fig. 1b). At day 21,
the defect was covered by a regular neoformed bone dispersed
in few medullar spaces and discrete chronic inflammation was
observed. On this, osteocytes were seen as well as basophilic
reversal lines, and osteoblasts at the osseous surface. At the
end of the experimental time, the defect was filled by bone
showing discrete inflammation. Small bone trabeculli and
medullar tissue, surface necrosis, discrete bone reabsorption
and remnants of the biomaterial were also observed at this
time.

MTA + GBR

At day 15, the defect was filled by interconnecting bone
trabeculi showing non-aligned osteocytes with each other
and active osteoblasts arranged as a lining at the periphery
of bone trabeculi. In a few cases, delicate bone fragments
many times immature were seen within highly vascularized
medullar tissue. In some specimens, surface necrosis could
be seen. In this group, beneath this necrosis, a band of

fibrous connective tissue was detected as well as moderate
chronic inflammatory infiltrate and remnants of the bioma-
terial. At day 21, the defect was filled by a thick newly
formed bone showing many times interconnecting bone
trabeculi in addition to discrete chronic inflammation, non-
aligned osteocytes, and basophilic reversal lines. Areas of
superficial necrosis were also observed in some specimens as
well as remnants of the biomaterial. At the end of the exper-
imental time, the defect was filled by bone characterized by
few medullar spaces, irregular small bone fragments, and
discrete chronic inflammation. In a few specimens, remnants
of cartilage could be seen as well as tissue necrosis extending
down to the medulla. Remnants of the biomaterial were also
seen at this stage (Fig. 1c).

MTA + BMP

At day 15, the defect was filled by interconnecting bone
trabeculi, few medullar spaces, non-aligned osteocytes with
each other and active osteoblasts arranged as a lining at the
periphery of bone trabeculi. Evident bone reabsorption was
seen. At the surface, a band of fibrous connective tissue and
small areas of necrosis could be seen as well as remnants of
the biomaterial (Fig. 1d). On the other hand, at day 21, the

Table 1 Distribution of the experimental groups

Group Subgroup n Protocol

I I15 / I21 / I30 9 Clot

II II15 / II21 / II30 9 LED

III III15 / III21 / III30 9 MTA

IV IV15 / IV21 / IV30 9 MTA+LED

V V15 / V21 / V30 9 MTA+guided bone regeneration

VI VI15 / VI21 / VI30 9 MTA+Guided bone regeneration+LED

VII VII15 / VII21 / VII30 9 MTA+bone morphogenetic proteins

VIII VIII15 / VIII21 / VIII30 9 MTA+bone morphogenetic proteins+LED

IX IX15 / IX21 / IX30 9 MTA+bone morphogenetic proteins+guided bone regeneration

X X15 / X21 / X30 9 MTA+bone morphogenetic proteins+guided bone regeneration+LED

Table 2 Semi-quantitative criteria used for the light microscopy analysis

Score criterion Discrete Moderate Intense

Bone reabsorption Presence of<25% of the reabsorption
of the graft remnants and/or
the surgical bed

Presence of 25–50% of the
reabsorption of the graft remnants
and/or the surgical bed

Presence of >50% of the reabsorption
of the graft remnants and/or the
surgical bed

Bone neoformation Presence of <25% of newly formed
bone similar to adjacent untreated
bone tissue

Presence of 25–50% of newly
formed bone similar to adjacent
untreated bone tissue

Presence of >50% of newly formed
bone similar to adjacent
untreated bone tissue

Inflammatory infiltrate Presence of<25% of neutrophils
on the area

Presence of 25–50% of neutrophils
on the area

Presence of >50% of neutrophils on
the area

Collagen deposition Presence of<25% of collagen
deposition in the area.

Presence of 25–50% of collagen
deposition in the area

Presence of >50% of collagen
deposition in the area
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newly formed bone was thick and irregular, showing irregular
osteocytes and few medullar spaces. In a few cases, a band of
fibrous connective tissue and remnants of the biomaterial
covered the surface of the defect. These remnants were asso-
ciated with foreign-body reaction, and there were signs of
bone reabsorption. At the end of the experimental period,
necrotic debris were seen at the surface as well as macro-
phages and bony fragments extending down to the center of
the defect. The core of the defect showed irregular bone
trabeculi and osteocytes. All periods of time studied showed
discrete chronic inflammation.

MTA + BMP + GBR

At day 15, there was surface necrosis extending down to the
core, irregular bone fragments, and few remnants of the bio-
material associated with macrophages. In many cases, area of
necrosis was observed beneath a band of fibrous tissue. Large
number of bony fragments associated with basophilic reversal
lines and a large amount of remnants of cartilage were noticed
in addition to evident bone reabsorption. Irregular osteoid tissue
was also seen at this stage (Fig. 1e). At day 21, the defect was
filled by newly formed tissue showing either regular or
irregular deposition. Irregular osteocytes, basophilic rever-
sal lines, and a few medullar spaces were also seen. At the
surface, besides the presence of remnants of the biomaterial,
a band of fibrotic tissue was also seen as well as evidence of
bone reabsorption and moderate chronic inflammation. At
the end of the experimental time, the defect was partially or
completely filled by newly formed bone displaying non-
aligned osteocytes and few medullar spaces. In some cases,
at the surface, a band of fibrous tissue and remnants of the
biomaterial were seen. No inflammation was found.

LED

At day 15, the defect was mostly filled by cancellous bone
showing irregular trabeculi displaying irregular osteocytes
within it. Osteoblasts were occasionally observed at the
trabeculi surface (Fig. 1f). Evidence of bone reabsorption
was seen at this time and rare cells inflammatory. At day 21,
the aspect was similar to that observed at day 15. However,
fewer medullar spaces were seen. No sign of reabsorption
was seen at this stage. At the end of the experimental period,
the defect was filled by newly formed bone showing a small
number of medullar spaces. A focal area of reabsorption was
seen in one case. Inflammation was only observed at the 15
day.

MTA + LED

At day 15, a band of fibrotic tissue covered the defect. The
defect was partially filled by interconnecting irregular

trabecular bone showing non-aligned osteocytes, basophilic
reversal lines, and active osteoblasts that were arranged as a
lining at the periphery of bone trabeculi. These findings
were observed dispersed on a highly vascularized connec-
tive tissue that contained young fibroblasts as well as neu-
trophils or lymphocytes. Areas of focal bone reabsorption
on the newly formed bone were also seen (Fig. 1g). At day
21, a large amount of delicate bone trabeculi containing
osteocytes was seen exhibiting osteoblastic activity. No sign
of reabsorption was seen. At the end of the experimental
time, interconnecting bone trabeculi either delicate or thick
showing osteocytes within them or few medullar spaces
mostly filled the defect. Some level of osteoblastic activity
was visible as well as areas of reabsorption. All periods of
time studied showed discrete chronic inflammation.

MTA + GBR + LED

At day 15, the defect was partially filled by irregular trabec-
ular bone showing also osteocytes. These trabeculi were
mostly projected towards the medulla. Sometimes irregular
bony fragments were seen partially filling the defect. In both
cases, the bone was associated with medullar tissue and to a
band of tissue fibrosis and rare neutrophils. Some remnants
of cartilaginous tissue were also seen. No evidence of reab-
sorption was noticed. At day 21, the defect remained par-
tially filled by an irregular and of variable thickness
interconnected trabeculi containing osteocytes sometimes
projecting themselves to the medulla. Some evidence of
reabsorption and moderate chronic inflammatory infiltrate
were seen at this stage. At the end of the experimental
period, the defect was filled by either regular thick trabecu-
lar bone or by lamellar bone containing osteocytes and
basophilic reversal lines, and these trabeculi were projecting
themselves towards the borders of the cavity bridging the
edges. Some specimens showed active giant cells (Fig. 1h)
and moderate chronic inflammation.

MTA + BMP + LED

At day 15, an irregular trabecular bone of variable thickness
containing non-aligned osteocytes filled the defect. Some-
times irregular bony fragments were observed partially fill-
ing the defect. On both cases, the bone was dispersed on
medullar tissue with intense chronic inflammation. Some
areas of reabsorption and remnants of the biomaterial were
seen at this stage. At day 21, the defect was filled by
trabecular bone of variable thickness and containing non-
aligned osteocytes and basophilic reversal lines and osteo-
blastic activity and medullar tissue. Superficial necrosis was
occasionally seen and beneath it granulation tissue rich in
macrophages and lymphocytes were observed. Remnants of
the biomaterial, macrophages, and Langerhans cells were
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also seen (Fig. 1i). At the end of the experimental time, the
defect was covered by a regular and delicate bone trabeculi
containing osteocytes; basophilic reversal lines and Harve-
sian system were also observed at this stage. Beneath the
defect, the replacement of the medullar tissue by a fibrosis
and remnants of the biomaterial was observed. Discrete
inflammatory reaction was seen at this stage.

MTA + BMP + GBR + LED

At day 15, the defect was partially filled by an
interconnected trabecular bone, sometimes irregular;

exhibiting non-aligned osteocytes, basophilic reversal lines,
and active osteoblasts arranged as a lining at the periphery
of bone trabeculi. The bone tissue was dispersed on medul-
lar tissue and a mononuclear inflammatory reaction could be
seen at this stage. Remnants of the biomaterial and areas of
focal necrosis were also observed. On day 21, trabecular
bone and medullar tissue as well as remnants of the bioma-
terial and areas of focal necrosis filled the defect. At the end
of the experimental period, the defect was filled by a mass of
bone tissue exhibiting Haversian systems and osteocytes.
Many times, the newly formed bone was bridging the edges.
Medullar tissue and remnants of the biomaterial were also
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seen. Close to the fragments, foreign-body reaction was
seen as well as rare lymphocytes. In all cases, remnants of
the biomaterial were still observed close to a fibrous band
and area of surface necrosis. The graft was already incorpo-
rated to the bone and often showed a crystalline aspect
(Fig. 1j, k).

Morphometric analysis

From the morphometric analysis, we may notice that the use
of the MTA graft caused a reduction of the inflammatory
reaction, increased collagen deposition, bone reabsorption,
and new bone formation. On the other hand, when the GBR
technique was used together with the MTA, this caused a
similar response from the bone on regarding all parameters.
When the BMP was associated with the MTA, there was
reduction of the inflammation, and increase on both bone
reabsorption and deposition. Associating both GBR and
BMP to the MTA graft only increased bone reabsorption
(Fig. 2a, b, c, d, e).

The morphometric analysis showed that when the defect
was irradiated with the LED, no inflammatory reaction was

seen. When the LED was associated with the MTA+GBR,
the inflammatory reaction was increased. Collagen deposi-
tion and bone deposition were increased and bone reabsorp-
tion was reduced. Using LED light on the MTA+BMP graft
caused an increase in the inflammatory reaction, on collagen
deposition as well as on both bone reabsorption and depo-
sition. When the LED was used on the association of MTA+
BMP+GBR, both collagen and bone deposition were in-
creased (Fig. 2f, g, h, i, j).

Statistical analysis

Statistical analysis showed that defects irradiated with LED
had significantly less inflammation than in all other groups
irradiated or not (p<0.001). On the other hand, inflamma-
tion was significantly less on the defects filed only with clot
when compared to groups MTA, MAT + LED, MTA+GBR,
MTA+BMP (p00.05). However, the opposite was observed
when the clot group was compared to the MTA+BMP +
LED group and was similar to all others groups. Collagen
deposition was significantly increased on groups MTA +
GBR, MTA + BMP + LED and MTA + BMP + GBR + LED
when compared to all other (p00.05). Bone reabsorption
was similar on groups clot, MTA + GBR, LED and MTA,
and significant less than in all other groups (p00.05). On the
other hand, the groups LED, MTA + GBR + LED, MTA +
BMP + LED and MTA + BMP + GBR + LED showed
significantly higher bone deposition when compared to all
other groups (p00.05) (Fig. 3a, b, c, d).

Discussion

As far as we are concerned, this is probably the first histo-
logical report on the use of the association of LED light and
MTA graft. The present investigation aimed to describe
histologically the mechanisms of the repair bone defects
treated or not with LED light, biomaterial, and GBR
technique.

Despite the success we have observed using different
light sources associated with bone repair using different
models, our knowledge of the bone regeneration process
and light interactions is still limited. Therefore, further mo-
lecular, cellular, and translational studies are required to
obtain a better understanding of the actions and interactions
of the different regulators of the regeneration process and
the qualitative assessment of the tissue response is important
as it provides a picture of the processes. This was the reason
why we decided to carry out description of the repair histo-
logically. This study was designed to carry out both quanti-
tative and semi-quantitative assessment of the repair process
and this work is one of the first reports of its kind. The
description of the process considered an appropriated

Fig. 1 a Photomicrograph of a specimen from the clot group showing
the bone defect filled by newly formed bone with non-aligned osteo-
cytes, basophilic lines, and rimmed with osteoblasts, amidst fibrous
tissue and mild chronic inflammation. b Photomicrograph of a speci-
men from the MTA group evidencing the bone defect filled by newly
interconnecting and formed bone with and non-aligned osteocytes; in
some areas, active multinucleated giant cells are observed. c Photomi-
crograph of a specimen from the MTA+GBR group showing the bone
defect with areas of necrosis and biomaterial remnants at the surface,
followed by newly formed bone displaying non-aligned osteocytes
sometimes rimmed with osteoblasts. Cartilaginous tissue remnants
are also observed. d Photomicrograph of a specimen from the MTA+
BMP group evidencing the bone defect filled with newly formed bone
displaying remnants of cartilage, amidst medullar tissue; in some areas,
the latter is replaced by necrosis due to the biomaterial. e Photomicro-
graph of a specimen from the MTA+BMP+GBR group showing the
defect with newly formed bone displaying osteoid rimmed with osteo-
blasts, and multinucleated giant cells on the surface. f Photomicrograph
of a specimen from the LED group showing, on the right, the bone
defect filled by a more mature bone tissue, displaying plump osteo-
blasts at the trabecular surface. g Photomicrograph of a specimen from
the MTA+LED group evidencing the bone defect filled by newly
formed bone with non-aligned osteocytes, basophilic lines, and few
active giant cells. Also note the presence of chronic inflammatory cells.
h Photomicrograph of specimen of a specimen from the MTA+GBR+
LED group showing, on top left, newly formed bone represented by a
extensive trabecular bone arising from bone defect and displaying
basophilic reverse lines, non-aligned osteocytes, cartilage remnants,
and medullar tissue. i Photomicrograph of a specimen from the MTA
+BMP+LED group showing, at the defect surface, remnants of the
biomaterial, areas with necrosis and bone spicules of variable thickness.
Eventually, Langhans-like cells were also seen. j Photomicrograph of a
specimen from the MTA+BMP+GBR+LED group showing the de-
fect filled by newly formed bone arising from of the surgical margins,
whose surface shows fibrous band with remnants of the biomaterial. k
Extending down, there are macrophages, foreign-body reaction and the
graft incorporated into bone, appearing as a crystalloid

�
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method of assessing the effects of different techniques used
both isolated or in combination, allowing us to have a
qualitative “picture” of the process [1, 14–17].

We have recently described this process by using Raman
spectroscopic analysis on a study using NIR laser showing
that the observed results of the Raman study were very
mostly aligned with the histological findings of the present
study. On the Raman study, we found that laser-irradiated
subjects showed significantly higher levels of CHA in the
earlier period of healing. However, these levels were similar
to the observed when the association of MTA + BMP +
GBR + laser was used. The lowest levels of deposition were
observed when MTA + laser and MTA + GBR were used.
At the end of the experimental period, all defects were found
to be similar. However, higher levels of CHA were seen on
group MTA + GBR + laser and lower on group MTA +
laser. As increased peaks of CHA are indicative of bone
maturation, the association of MTA, GBR, and laser resulted

in a more advanced repair. So we decided to change the
light source in order to verify if similar results could be
achieved [28].

In the present study, we opted to use a larger bone defect
instead of a critical size one intending to increase the sever-
ity of the damage to the bone. It is important to note that a
similar model has been in use by our group for more than a
decade and its effectiveness is well reported elsewhere in the
literature [1, 14–17].

One may question if the follow-up period of 30 days used
in the present study is enough to test bone healing as some
previous studies (using the rat tibia as animal model) have
used longer follow-up periods. However, our team has suc-
cessfully reported this time line using different models of bone
defects as well as different assessment models [1, 14–17, 28].

Visible/NIR-LED light therapy has been deemed as a
non-significant risk by the FDA and has been approved for
use in humans. Other advantages over lasers include the
possibility of combining wavelengths with an array of var-
ious sizes. LED disperses over a greater surface area than
lasers and may be used where large areas are targeted,
resulting in faster treatment times [26].

LED PT is the newest category of non-thermal light
therapies to find its way to the dental armamentarium and

Fig. 3 Summary of morphometric analysis. a Inflammatory reaction, b bone reabsorption, c collagen deposition, and d bone reabsorption

Fig. 2 Summary of the morphometric analysis of each individual
group according with the parameters studied: a clot group, b MTA
group, c MTA+BMP group, d MTA+GBR group, e MTA+BMP+
GBR group, f LED group, g MTA+LED group, h MTA+BMP+LED
group, i MTA+GBR+LED group, j MTA+BMP+GBR+LED group

�
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was mainly developed by the National Aeronautics and
Space Administration (NASA) that has investigated the
use of LED therapy in wound healing and obtained positive
results [26, 27]. Visible/NIR-LED light treatments at various
wavelengths have been shown to significantly increase cell
growth in a diversity of cell lines, including murine fibro-
blasts, rat osteoblasts, rat skeletal muscle cells, and normal
human epithelial cells [27].

Over the past years, our group has been working exten-
sively on the study of the effects of the use of phototherapy
(NIR laser) on bone using different animal models. In these
studies, we have also used many assessment methods to
determine the effects of the phototherapy on bone including
the use of histology, computerized morphometry, SEM, and
Raman spectroscopy [1, 14–17, 28].

In all previously used protocols, models, and parameters,
we were able to demonstrate that the use of laser light
caused important tissue responses during healing and these
were responsible for a quicker repair process as well as on
the improved quality of the newly formed bone [1, 14–17,
28].

We found differences amongst all groups during all ex-
perimental timing. At an early stage, untreated subjects
showed no signs of reabsorption, but the use of the MTA
caused the appearance of areas bone reabsorption. This may
have been caused by the MTA that probably acted as a local
irritant even on being biocompatible. When the MTA was
associated with GBR we observed crystalloid structures that
may be attributable to the MTA as the anhydrous phases of
the MTA involve the formation of crystals, an important
physiologic event in the formation of the bone [29]. Again,
these changes might be attributed to the presence of the
biomaterial. The addition of BMPs to the MTA did not
significantly improve the process. When the MTA + BMP
graft was associated with GBR, the major observed change
was the presence of a large number of bony fragments
associated with basophilic reversal lines and a large amount
of remnants of cartilage as well as a irregular osteoid tissue.
This was a major difference that may be attributed to the
GBR.

Later on, untreated controls and MTA-grafted subjects
showed a similar healing pattern as seen at early stages,
however, the newly formed bone was somewhat more reg-
ular. The MTA seemed to cause a small delay in the repair
process. The use of the GBR caused the presence of a thick
newly formed bone. The increased thickness might have
been caused by the GBR technique. Adding BMPs to the
biomaterial caused the appearance of thick and irregular
newly formed bone and remnants of the graft and caused
foreign-body reaction without reabsorption. The use of the
BMPs might have caused more bone deposition during the
repair. The use of the GBR to the association of MTA and
BMPs caused no major improvement.

At the end of the experimental period, the controls
showed the defect completely filled by lamellar bone. On
MTA-grafted subjects, despite the defect being filled by
bone, the trabeculi were small and thin. Adding GBR caused
the presence of newly formed bone characterized by a few
medullar spaces and the presence of irregular small bone
fragments. The addition of BMPs caused the appearance
necrotic debris that was seen at the surface as well as
macrophages and bony fragments extending down to the
center of the defect. The core of the defect showed irregular
bone trabeculi. The use of MTA, BMPs, and GBR caused
the presence of newly formed bone.

LED-irradiated subjects showed early formation of irreg-
ular trabecular cancellous bone and no signs of reabsorption
up to the day 21. At the end of the experimental period, the
defect was filled by newly formed bone. The association of
MTA + LED resulted in an early deposition of interconnect-
ing irregular trabecular bone. Later, the defect was filled by
a delicate bone trabeculi. At the end of the experimental
time, interconnecting bone trabeculi of irregular thickness
and few medullar spaces filled the defect. When GBR was
associated with the MTA + LED, at early stages, the defect
was partially filled by irregular trabecular bone and a band
of tissue fibrosis and remnants of cartilage were present. At
the end of the experimental period, a regular thick trabecular
bone projecting itself towards the borders of the cavity
bridging the edges was seen. The use of the association of
MTA + BMP + LED did not cause many changes other than
those observed with the use of the MTA alone. The use of
the MTA + BMP + GBR + LED caused a more advanced
repair and at the end of the experimental period, the defect
was filled by a mass of bone tissue exhibiting Haversian
systems and osteocytes, characteristic of mature bone. The
newly formed bone was bridging the edges, closing the
defect. However, remnants of the MTA were still seen and
these were associated with foreign-body reaction and were
placed close to a fibrotic band and area of focal surface
necrosis. The graft that was already incorporated to the bone
and many times showed a crystalline aspect.

The comparison of our results with other previous reports
is difficult. This is the first report of the use of this model in
particular to the use of the MTA and LED. Our previous
experience using other types of biomaterials and light source
already reported in the literature is also suggestive that the
association of NIR LPT with biomaterials causes improve-
ment in the repair of bone defects. We found similar
responses to the ones observed in previous studies using
NIR LPT [1, 14–17].

MTA, due to its characteristics, seemed not to be directly
affected by LED light. It is assumed that the MTAwould act
as a framework for the deposition of new bone as it is
considered a osteoconductor material. However, the use of
LEDPT positively affects bone healing around the graft

1022 Lasers Med Sci (2012) 27:1013–1024



similarly to what was observed on different studies carried
out by our team using other biomaterials and NIR-LPT. We
were not able to find any previous reports on the association
of the MTA with BMPs in the literature. Despite that we
have shown that the use of BMPs improves the outcome of
bone healing when associated with LPT, in the present
study, it was not the case. This was probably due to the
properties of the MTA.

It has also been demonstrated by our group that the use of
GBR is helpful in the healing of bone defects and that the
association with LPT improves the outcome of this thera-
peutic approach, as demonstrated previously by our team
using different models [1, 14–17]. In the present study,
despite some improvement in the overall healing process,
no major effect was seen. This was probably due to the
characteristics of the MTA.

Several reports indicated that laser and LEDs emitting
between λ630 and 1,000 nm presents stimulatory effects
both in vitro and in vivo [30–32]. A study using polychro-
matic LEDs [30] suggested that this light source shows a
similar pattern of stimulation/inhibition as observed when
using lasers. A previous report showed that both laser and
LED irradiation causes vasodilatation in vivo [31] and an-
other study showed similar results in comparing laser and a
LED regarding angiogenesis [32]. There is evidence that
both LED and laser light at the same wavelength may result
in similar biochemical effects [33, 34].

In the present study, we opted for using an in vivo model
and not an in vitro one as the animal model allowed us a
more detailed and “close” to human tissue response analysis
of the different treatments carried out as well as the host-
responses to them. The host response on the in vitro model
is very limited or not possible of simulation in many aspects.
For instance, despite a recent study [35] that has found in
vivo adhesion of osteoblasts to MTA, an in vitro report [36]
using osteoblasts failed to get cell adhesion to MTA. In the
present study, we often observed a close contact of the graft
with the bone matrix and possibly inducing the formation of
important components for bone neoformation as a result of
the interaction of the MTA, the matrix and the host [37–39].
Then, biological responses may be similarly detected using
different assessment methods.

The use of LED light alone dramatically reduced inflam-
mation. However, its use in MTA associated with BMP and/
or GBR increased the severity of the inflammatory reaction.
Regarding bone reabsorption, a less significant result was
seen when the LED light was associated with the MTA +
BMP graft. In the groups clot and MTA + GBR, no bone
reabsorption was detectable. Increased collagen deposition
was observed when the LED light was associated with the
use of the MTA associated with BMP and/or GBR. In-
creased new bone formation was observed when the LED
light was used alone or associated with the use of MTA +

GBR, MTA + BMP, on association of MTA + BMP + GBR
and when BMP was added to the MTA.

The question these days is no longer whether LEDs have
biological effects on bone tissue as well as on the outcome
of the use of biomaterials, but rather what the optimal light
parameters are for different uses as the biological effect
depends on the parameters of the irradiation, similar to the
use of lasers, such as wavelength, dose, intensity, irradiation
time, and mode of emission. Furthermore, clinically, factors
such as the frequency, intervals between treatments, and
total number of treatments shall be considered.

Conclusions

Our results indicate that the use of LED light alone or in
association with MTA, MTA + BMP, MTA + GBR and
MTA + BMP + GBR caused less inflammation, increased
both collagen deposition as seen on both histological and
morphometric analysis.
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