
1
The Journal of Contemporary Dental Practice, Volume 9, No. 6, September 1, 2008

Histologic Study of the Effect of 
Laser Therapy on Bone Repair

Aim:  This study used histologic analysis and HE staining to evaluate laser biomodulation of bone repair in 
cavities made in the femurs of rats that underwent non-ablative laser irradiation.

Methods and Materials:  Eighteen male Wistar rats weighing 300 to 400 grams were randomly assigned to 
three groups of six animals each. A surgical defect site was produced with a trephine about 2 mm in diameter 
under abundant irrigation. In Group I the complete surgical protocol to produce a bone defect was followed but 
without laser radiation (control). In Group II a continuous wave 830 nm infrared laser was used at 10 J/cm2 and 
50 mW at each point of the surgical site. In Group III a continuous wave 685 nm infrared laser at 10J/cm2 and 
35 mW was used at each point of surgical site. The animals were irradiated at intervals of 48 hours beginning 
immediately after the preparation of the defect and were sacrificed on the 15th, 21st, and 30th days. Slides were 
studied by means of descriptive analysis.

Results:  Greater degrees of new bone formation and vertical regeneration were found in the irradiated groups 
than in the control group.

Conclusion:  Laser therapy in this study protocol was efficient in promoting bone repair.
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Introduction
For a long time laser biomodulating activity was 
called biostimulation because this was the first 
biomodulating effect to be described. Currently 
biomodulation can be achieved by using smaller 
and more practical laser units which can be 
operated at low power settings (1 to 500 mW). 
These units have been described in several 
forms in the literature such as a low-level laser, 
soft laser, or therapeutic laser.1,2 Although laser 
phototherapy to accelerate wound repair was 
introduced in 1972 by Mester et al.3 its use 
remains poorly defined and is still rejected in 
several countries.4

Laser therapy has used large spectrums of visible 
and infrared light. The first studies focused on 
visible light helium-neon (He-Ne), argonium, 
or kriptonium lasers. Semiconductor gallium 
arsenide (GaAs) and gallium-aluminum-arsenide 
(GaAlAs) diode lasers have become available 
more recently and have been intensively used 
and studied.5,6

Tissue healing is a complex process that involves 
local and systemic organic activity, and fibroblasts 
are some of the cells directly involved in this 
mechanism. The action of lasers in healing is also 
widely therapeutic by inducing local and systemic 
regenerative, anti-inflammatory, and analgesic 
effects. These effects have been demonstrated 
in vitro and in vivo, particularly in studies that 
focus on the increase of local microcirculation, 
activation of the lymphatic system, proliferation 
of epithelial cells and fibroblasts, and increased 
collagen synthesis by fibroblasts.7,8 Pinheiro et 
al.8 has suggested, although the benefits of laser 
in soft tissue healing have been demonstrated, 
the effects of nonablative laser on bone are still 
controversial, and study results are conflicting.

Several in vivo and in vitro studies have 
investigated the use of laser therapy in the 
biomodulation of bone repair through its 
photochemical and photobiologic properties. Their 
aim is to provide patients with a more comfortable 
postoperative recovery and faster healing.9-12

This study used histologic analysis and HE 
staining to evaluate the biomodulation of bone 
repair in cavities in the femurs of rats that 
underwent nonablative laser irradiation.

Methods and Materials
This study was approved by the Committee on 
Science and Ethics of the School of Dentistry, 
Pontifícia Universidade Católica do Rio Grande 
do Sul, Porto Alegre, Brazil.

Eighteen male Wistar rats, weighing 300 to 400 
grams, were randomly selected and distributed 
into three groups of six animals each.

The surgical defect site was standardized by 
implanting a 3 mm long microscrew in the lateral 
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proximal region of the femur. From it, 5 mm were 
measured for the location of the bone cavity, 
which was produced with a trephine about 2 mm 
in diameter under abundant irrigation.

In all groups results were analyzed at 15, 21, and 
30 days after surgical procedures. Therefore, 
each group was further divided into three 
subgroups (A, B, and C) according to each time 
point (Table 1).

In Group II an infrared diode laser unit (GaAlAs; 
THERA LASE®, DMC Equipamentos, São Carlos, 
Brazil) was used at a 830 nm continuous wave 
irradiation. The irradiation dose was 10 J/cm2 
applied continuously to one point in the surgical 
site at 50 mW immediately after the end of 
surgery and at each 48 hours which totaled eight 
applications on the 15th day. In Group III animals 
were irradiated with λ-685nm continuous wave 
indium-gallium-aluminum-phosphide red laser 
(InGaAlP; THERA LASE®) applied to one point. 
The dose was also 10 J/cm2 applied at 35 mW. In 
Group I (control) the animals underwent the same 
procedure as the animals in the other groups but 
the laser unit was not turned on.10

The animals were sacrificed 15, 21, and 30 days 
after surgery. Specimens were harvested and 
macroscopically assessed, then stored in 10% 
formalin for 24 hours. The specimens were then 
processed in the routine manner (wax and stain 
with H&E) and analyzed under light microscopy 
(ZeissAxiolad®, Carl Zeiss Vision, Hallbergmoos, 
Germany) at 40x magnification. The following 
parameters were used for analyses: degree of 
vertical regeneration, new bone formation, and 
corticalization.

Results
This study compared the degree of vertical 
regeneration, new bone formation, and 
corticalization with and without laser radiation 
(LLLT) following a standardized surgical protocol.

Up to day 21 following surgery the presence of 
new bone formation in surgical defects was more 
advanced in Groups II and III (Figures 1 and 2, 
respectively) than in the control group. In the 
control group (Group 1) similar new bone formation 
was observed on the 30th day (Figure 3).

Table 1. Distribution of groups and subgroups 
according to time points and analysis criteria.
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There was a significant difference in the degree of 
vertical regeneration (Table 2) and in the degree 
of new bone formation (Table 3) between study 
groups to which values were assigned to the 
different degrees of new bone formation. The 
Kruskal-Wallis test was used for statistical analysis. 
In this analysis the control group had lower values 
of vertical regeneration and new bone formation 
than the infrared and red laser groups, which did 
not differ from each other (p ≤ 0.01).

Corticalization was not significantly different 
between groups when the analysis consisted of 
only two variables; the presence or absence of 
corticalization. The chi-square test was used for 
statistical analysis (p=0.09).

Figure 1. Photomicrography of group II-B (infra-red 
laser - 21 days). Presence of neoformed trabeculae 
bone in surgical defect (HE).

Figure 2. Photomicrography of group III-B (Red laser 
- 21 days). Presence of neoformed trabeculae bone in 
surgical defect (HE).

Figure 3. Photomicrography of group I-C (Control group 
- 30 days). Presence of neoformed trabeculae bone in 
surgical defect (HE).

Table 2. Comparison of vertical regeneration between the groups according to time points.
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All study groups showed greater bone remodeling 
activity at the first study time point (15 days) and 
a trend to stabilization from the 21st to the 31st 
day, which may confirm the stimulation of cell 
proliferation by both red and infrared lasers in the 
initial stages of healing.10,12,15

In sum, the results of this study showed laser 
therapy facilitated bone repair. Irradiation with 
infrared and red laser accelerated the primary 
regenerative process, improved the quality of 
bone structure, and produced a more compact 
bone than in the control group.

The present findings may have clinical 
applications in the placement of immediate 

Discussion
Tissue biomodulation is one of the most 
controversial uses for lasers in dentistry.1 While 
most uses of laser therapy in dentistry are applied 
to soft tissues, there is a growing interest in 
the use of nonablative lasers for tooth structure 
and bone.2 However, bone healing differs 
substantially from soft tissue healing because 
of its morphology and composition. Generally 
bone healing processes are slower than those of 
soft tissues. The natural course of bone healing 
follows consecutive phases that differ from each 
other according to the type and intensity of 
trauma and the extent of bone damage.8

All study groups showed some degree of new 
bone formation and cortical bridging. The 
irradiated groups had a greater degree of 
corticalization and new bone formation after the 
15th day. None of the groups showed pathologic 
bone resorption or ingrowth of connective tissue 
into the cavity which confirms the biostimulatory 
effect of laser therapy. The use of other slide 
staining techniques to evaluate collagen and the 
organization of collagen fibers so the efficacy 
of laser therapy can be further confirmed is 
suggested.

A review of literature shows in vivo studies 
vary greatly in terms of type of laser, dose, and 
irradiation methods used which complicates 
comparisons between them.7,9,11,13,14

Table 3. Comparison of bone formation between the groups according to time points.
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Conclusion
This study showed eight red or infrared laser 
applications (10 J/cm2) significantly increased 
bone formation and the degree of vertical bone 
regeneration. It did not affect the degree of 
cortical bone formation in the animal model 
studied.

Clinical Significance
The use of laser technology has been used to 
improve the clinical results of bone surgeries 
and to promote a more rapid, comfortable 
postoperative healing period.

implants which are protected from direct occlusal 
forces but may be subject to trauma during 
mastication. For example, if bone remodeling 
is stimulated using laser therapy, better 
osseointegration and surgery results may be 
achieved.

Laser therapy may also have other direct 
applications in clinical dentistry, such as in the 
treatment of mandibular fractures or in osteotomy 
cases. In such situations the rate of bone repair 
may be accelerated and the time required for 
intermaxillary fixation may be shortened. Future 
studies are needed to confirm these possibilities.
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