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Effects of laser vs ultrasound on bone healing after distraction osteogenesis:
A histomorphometric analysis
Myrla Alves Barros Medeirosa; Leonard Euler Andrade Gomes do Nascimentob;
Thiago Chon Leon Lauc; Ana Lys Bezerra Barradas Mineirod; Matheus Melo Pithone;
Eduardo Franzotti Sant’Annaf
ABSTRACT
Objective: To assess the effects of low-level laser irradiation vs ultrasound irradiation on bone
healing after distraction osteogenesis.
Materials and Methods: Distraction osteogenesis was performed with rapid maxillary expansion
devices (Hyrax-Morelli, Sorocaba, São Paulo Brazil) in 24 rabbits (Oryctolagus cuniculus). After a
2-day latency period, the distraction devices were activated for 10 days at a rate of 1 mm/d. Four
groups of six animals were treated as follows: (1) control, (2) laser irradiation on the right side, (3)
ultrasound irradiation on the right side, and (4) laser irradiation on the right side and ultrasound on
the left side. Histomorphometric analysis was used to assess the bone healing area. Analysis of
variance was used to perform the statistical analyses.
Results: The influence of low-intensity laser associated with ultrasound irradiation on bone healing
was statistically significant. The analyses showed the greatest amount of bone healing in the jaws
of animals in group 4, which received treatment with both ultrasound and laser.
Conclusion: This study concluded that bone healing is accelerated with the application of laser
irradiation. The greatest effects were observed with combined ultrasound and laser treatment.
(Angle Orthod. 0000;00:000–000.)
KEY WORDS: Bone healing; Distraction osteogenesis; Histomorphometry, Laser; Rabbits;
Ultrasound

INTRODUCTION
Bone healing involves an ongoing process of bone
remodeling.1 Low-intensity laser (LIL) and low-intensity
ultrasound (LIUS) irradiation can be applied for bone
repair in cases involving bone expansion, fractures,
and other surgical procedures in which bone healing is
needed.2,3 Controversies remain regarding the best
type of irradiation to obtain the desired result.2,3 The
LIUS technique does not overheat the tissues, and it is
indicated for tissue repair, wound healing, increasing
bone mass, and bone consolidation2 as a result of the
physiological mechanical stress, including stimulation
of vascular activity.4,5 Various biostimulatory effects of
LIL have been reported with regard to wound healing
and collagen synthesis via in vitro and in vivo studies.6
With respect to the bone, LIL has been shown to
modulate inflammation, accelerate cell proliferation,7
and enhance healing.7,8
Distraction osteogenesis (DO) elongates bones by
creating gaps and filling them with newly formed bone
without the need for soft or hard tissue grafting.9–12
Early treatment of patients with oral and/or craniofacial
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anomalies using orthodontic and maxillary orthopedic
therapy and DO is recommended when the patient is a
child or an adolescent.13,14
This perspective appears to lead to a question: What
would be the best method to use, laser or ultrasound,
with regard to the effect the method would have on
bone healing after DO? Thus, the aim of this study was
to compare the effects of LIL vs those of LIUS with
regard to bone healing after performance of DO in
rabbits using histomorphometry to analyze the outcome.
MATERIALS AND METHODS
Twenty-four male New Zealand rabbits (Oryctolagus
cuniculus), aged approximately 2 years and with body
weights between 3.0 and 3.5 kg and fully erupted
permanent teeth, were used. The animals, selected by
a veterinarian, were quarantined, fed special rations
for rabbits, received necessary medication, and were
submitted to laboratory and radiographic exams. The
study was approved by the Ethics Committee for
Animal Experimentation of the Federal University of
Piauı́ (UFPI) under report number 01/09. The procedures performed on the animals met the Proposed
International Ethical Guidelines for Biomedical Research involving animals (Council for International
Organizations of Medical Sciences/World Health Organization, 1985). The sedation was administered
intramuscularly: 4 mg/kg xylazine chloride (50 mg/
mL; Anasedan, Vetbrands, Miramar, FL, USA) and
40 mg/kg ketamine hydrochloride (23 mg/mL; Dopalen, Vetbrands, Miramar, FL, USA) were used.
Rapid maxillary expansion (RME) devices (HyraxMorelli, 13 mm, Morelli Ortodontia, Sorocaba, SP.
Brazil) were used to perform DO. Before surgical
insertion of the RME screws in the mandibles, the
operative area of the animals was trichotomized, and
solutions of 70% alcohol followed by iodated alcohol
were used for the aseptic technique. Submandibular
incisions were made in three locations: one anterior
incision and two posterior incisions (one on the left side
and one on the right side). Mandibular osteotomy was
performed in the left vestibular region to the corresponding right side (1 mm from the mesial root of the
first molar) with an abrasive disk under cooling.
Four perforations, two on each side of the corticotomy site, were made using bone cutters. The
distraction screw was placed below the lower edge of
the mandible, and its posts were adapted to the four
perforations. The surgical wound was sutured, and the
distraction screw was left exposed to enable activation
of the screw.
A prophylactic antibiotic (0.5 mL of penicillin) and
0.02 mg/kg of buprenorphine were administered
Angle Orthodontist, Vol 00, No 0, 0000
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subcutaneously before the surgery and 48 and
96 hours after the surgery. The postoperative diet
was not altered, as the rabbits were able to eat
independently, but an oral vitamin supplement was
added. The water and food consumption of the animals
were monitored. Their weights were measured daily
and compared to the presurgical values.
Activation of Distraction Devices
After a 2-day latency period, DO was initiated in the
mandibles of all of the animals (n 5 24). The
distraction screw was activated for 10 days at a rate
of 1 mm/d (4 activations/d of the screw at 0800, 1300,
1800, and 2300 hours) (Figures 1A and 2B). After
completing the distraction, the devices were stabilized
with acrylic resin.
The application of LIL and LIUS to the mandibles
was initiated after the 2-day latency period along with
the activation of the distraction screws. Six control
animals in group 1 received neither LIL nor LIUS. The
other 18 animals, divided into three groups, received
the following treatments: (a) LIL on the right side
(group 2), (b) LIUS on the right side (group 3), and (c)
LIL on the right side and LIUS on the left side (group 4)
(Figure 2A,B). The left sides of the animals in groups 2
(subgroup C3) and 3 (subgroup C4) were also used as
controls (Table 1).
The LIL and LIUS applications were adjusted to
biostimulation mode according to the functions of each
appliance. Laser irradiation (wavelength: 808 nm;
output power: 100 mW; 6 J/cm2; continuous guide
light) and ultrasound irradiation (1.0 cm2 [era]; 1.0 MHz
[ultrasonic frequency]; P100 20% [mode] 2.0 W; 2.0 w/
cm2) were applied for 6 minutes each night for 24 days.
The protective eyeglasses, which came with the laser
therapy appliance (Flash Lase III, DMC, São Carlos,
São Paulo, Brazil), were used by the operator during
all LIL applications. The ultrasound appliance used
was a Sonopulse III for Physiotherapy and Orthopedics (1 MHz–3 MHz; Indústria Brasileira de Equipamentos Médicos-Ibramed-S34, Amparo, São Paulo,
Brazil). For the LIUS applications, gel was placed
between the skin of the animal and the active tip of the
transducer to enable conduction of the impulses.
Twenty-four days after the latency period, a veterinarian euthanatized the animals by administering a 50 mg/
kg infusion of thiopental and 100 mg/kg potassium
chloride via the brachial vein.
Assessment of Bone Healing
For all 24 of the animals, the jaw segments of
interest were identified, dissected, placed in 4%
paraformaldehyde and phosphate buffer (0.1 M phosphate-buffered saline), and prepared for light micros-
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plane. The slices were stained using the Harris
hematoxylin-eosin method. The histological analysis
was performed using an HM-LUX Nikon E600 microscope (Nikon, Melville, NY, USA) with the following
resolutions: 4NF 3 0.10 and 10NF 3 0.25. A system
with computerized image analysis (Qwin Leica D1000, version 4.1) was used to capture 20 fields, with
10 fields evenly distributed across both the left and
right sides of the jaws. The histomorphometric
evaluation was performed in a blinded fashion by two
researchers who underwent standardized preparatory
training. The images were evaluated in a randomized
order. The image threshold and the total surface area
of this range were automatically calculated by the
software. For data collection, a total area of up to
7 mm2 was measured at a magnification of 43, and the
results were an average of the counts. The analyzed
parameter was the total area of the trabecular bone
silhouettes examined, including the osteoid (B.Ar mm2), which was used to assess the amount of bone
healing in the 20 captured fields.
Statistical Analysis
For the statistical analysis, a completely randomized
design was adopted to evaluate the amount of
regenerated tissue in square micrometers (mm2) after
performing DO. The following parameter was used for
the analysis: the means of the bone healing of all the
animals (n 5 24). The eight treatments considered
were as follows: Control 1 and Control 2 (subgroups
from group 1), Laser 1 and Control 3 (subgroups from
group 2), US 1 and Control 4 (subgroups from group
3), and Laser 2 and US 2 (subgroups from group 4).
Thus, it was possible to make comparisons among all
four groups of animals and between the right and left
sides of the mandibles. The data observed in the
experiment were submitted to analysis of variance and
Tukey post hoc analysis using the SPSS 13.0 program
(SPSS Inc, Chicago, Ill). Descriptive statistics included
the means of the evaluated groups (P , .001).
RESULTS

Figure 1. (A) Initial activation of the distraction device; (B) complete
opening after the 10th day of activation.

copy analysis. The tissue segments were prepared
using a LEICA RM 2165 microtome and cut with a
thickness of 5–7 mm in the vertical direction following
the transverse axis of the incisor roots, in the coronal

Figure 3A–H shows photomicrographs of the histological features of bone healing after DO in the four
studied groups. In all of the sections, bone formation
was examined on the outer surface of the mandible
because the deeper layers contained the growing parts
of the lower incisors. Immature woven bone with some
trabecular bone is visible in the photomicrographs,
although in the LIL and LIUS irradiation groups, less
marrow space and densely packed trabeculae can be
observed, and the bony structures appear to be more
compact. Increased osteoblastic activity is indicated by
an increased number of osteoblasts lining the newly
Angle Orthodontist, Vol 00, No 0, 0000
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Table 1. Distribution of the Four Animal Groups (n 5 24) that
Received Distraction Osteogenesis and Treatment with LowIntensity Laser and Ultrasound Irradiation After a 2-Day Latency
Perioda
Mandibular Osteotomy
Animals (n 5 24)

Right Side

Groups
1
2
3
4

Left Side
Subgroups

C1
L1
US1
L2

C2
C3
C4
US2

a
Note: Euthanasia was performed after the 24-day latency period.
C indicates control; L, laser; and US, ultrasound.

controls were assessed, no significant difference was
observed; however, in the sides showing the jaws that
received LIL and LIUS irradiation, significant bone
healing was observed. The greatest bone healing was
observed in group 2 (L1 5 5.21 mm2; C3 5 2.14 mm2)
and group 4 (L2 5 5.58 mm2; US2 5 6.68 mm2). Group
4 showed the greatest effect (6.68 mm2) in the
subgroup US2, which received LIL application on the
opposite side, but the group that received LIUS
irradiation alone (group 3, subgroup US1) did not
show a significant difference (US1 5 2.64 mm2).
DISCUSSION

Figure 2. (A) Laser application on the right side and (B) ultrasound
on the left side in an animal from group 4.

formed bony trabeculae, where incremental growth
lines (Figure 3C,E,G,H) can be observed in the
animals that received LIL and LIUS irradiation.
Numerous osteocytes can be observed in the lacunae
in the newly formed bone matrix, and bony lamellae
have begun to arrange around blood vessels to form
Haversian canals. In Figure 3D and F, osteoclastic
activity indicative of ongoing bone remodeling can be
observed.
Assessment of Bone Healing
Table 2 shows that when the means of all of the
controls and those of the LIL and LIUS treatments
were evaluated without considering the mandibular
side, controls 1, 2 (subgroups of group 1), 3 (subgroup
of group 2), and 4 (subgroup of group 3) showed the
least new bone regeneration (means from 1.54 to
2.14 mm2), and US2 (subgroup of group 4) showed the
greatest amount of new bone generation (6.68 mm2),
followed by the subgroups L2 (5.58 mm 2 ), L1
(5.21 mm2), and US1 (2.64 mm2). When all of the
Angle Orthodontist, Vol 00, No 0, 0000

Several methods15–17 can be used to evaluate bone
structure. The variable we chose to measure (B.Ar 5
total area of trabecular bone silhouettes examined
including osteoid, in mm2) is considered necessary and
sufficient to show the complete picture of the histomorphometric findings in any human or animal experiment.18
In our study, we investigated the effects of laser and
ultrasound irradiation on bone healing in 24 rabbits
subjected to DO. The ideal animals in which to obtain
clear observations of bony and sutural changes under
stress are the rabbit and the rat.18,19
Laser and ultrasound treatment stimulated cellular
multiplication, verifying that the consolidation was
accelerated independently of the period or duration of
the treatment. 20–22 The period evaluated in our
research was 24 days, with a consolidation period of
14 days, and resulted in considerable bone healing;
however, ultrasound treatment elicited a greater
response in the US2 mandibles (subgroup from group
4 that received LIL on the opposite side).
Despite the lack of a statistically significant difference in the B.Ar (mm2), for the animals in group 3, the
value for the subgroup US1 (2.64 mm2) was greater
than that for the control subgroup C3 (2.14 mm2). Our
results are consistent with the previous study of
Moinnes et al.,23 which showed that ultrasound
accelerated bone healing compared with a control.
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Figure 3. Photomicrographs of subgroups: (A) C1 5 control 1; (B) C2 5 control 2; (C) L1 5 laser 1; (D) C3 5 control 3; (E) U1 5 ultrasound 1;
(F) C4 5 control 4; (G) L2 5 laser 2; (H) US2 5 ultrasound 2. Legends: C 5 control; L 5 laser application; US 5 ultrasound application; arrows 5
incremental growth lines; E 5 enamel; and B 5 bone. Hematoxylin and eosin–stained sections.

The clinical success of laser treatment depends on
the wavelength, potency, duration of the pulses,
exposure time, and nature of the tissue being
irradiated.24–26 In our study, the laser settings were

808 nm, 100 mW, 6 J, and continuous with guide light;
the treatment resulted in significantly greater B.Ar with
greater bone healing on the sides to which it was
applied, which could be observed in the subgroups L2
Angle Orthodontist, Vol 00, No 0, 0000
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Table 2. Means (mm2) of the Histomorphometric Measurements (B.Ar 5 Total Area of Trabecular Bone Silhouettes, Including Osteoid) on the
Left and Right Sides of the Jaw After Performing Distraction Osteogenesisa

Groups
1
2
3
4

Subgroups
C1
C2
L1
C3
US1
C4
L2
US2

Mean*
1.54
1.66
5.21
2.14
2.64
1.66
5.58
6.68

A
A
B
A
A
A
B
B

Minimum

Maximum

Standard
Deviation

0.62
0.93
3.51
1.74
1.63
1.05
4.94
6.08

4.36
3.77
6.59
2.91
3.23
1.93
5.83
6.98

1.39
1.06
1.06
0.44
0.67
0.32
0.32
0.33

Confidence Interval
Lower Limit

Upper Limit.

0.07
0.54
4.09
1.68
1.93
1.32
5.23
6.33

3.01
2.78
6.33
2.61
3.35
2.00
5.92
7.03

Significance
NS
NS
**
NS
NS
NS
**
**

P-Value
(,.001)
1.000
1.000
.000
.897
.290
1.000
.000
.000

a

C indicates control; L, laser; U, ultrasound; NS, not significant; and **, significant.
* Similar letters indicate no statistically significant difference (P , .001).

(group 4) and L1 (group 2). This finding is in agreement
with those from the literature,27 in which shorter times
for bone healing have been reported as a result of its
stimulation of osteoblast proliferation, absorption of
exudates, the growth of new blood vessels, and
increased collagen deposition by fibroblasts.
In our work, jaws treated with LIL and LIUS (Figure
3C,E,G,H) showed numerous incremental growth lines;
these findings are supported by the work of Yoshida
et al.,28 which indicated that when LIL is applied, the
number of osteoblasts can increase by a 1.7-fold
measure, and the area with newly formed bone islands
can increase by a 3.4-fold measure. Table 2 shows the
accelerated bone healing effects in the jaws treated with
LIL (groups 2 and 4) and LIUS (group 4). The C3
subgroup (2.14 mm2) in group 2 showed a greater bone
healing response compared with the C1 (1.54 mm2) and
C2 (1.66 mm2) subgroups in group 1 and the C4
subgroup (1.66 mm2) in group 3.
Significant bone healing was observed for subgroup US2 (6.68 mm2) in group 4 but was not
observed for subgroup US1 (2.64 mm2) in group 3.
Group 4, which received LIUS on one side of the jaw
and LIL on the opposite side, showed the greatest
amount of healing. Our outcome is in accord with
those of other studies2,18,25 that state that laser and
ultrasound accelerate the process of forming new
bone. From the results of our study, it was observed
that the dosage of the laser used was sufficient to
accelerate bone healing because the LIL also
appeared to accelerate the healing on the side
opposite to its application; this finding can be
observed in the C3 subgroup in group 2 and the
US2 subgroup in group 4.
The results of our study using LIL and LIUS
treatment after DO suggest that patients with certain
syndromes11,14 and microsomias8,13 may benefit from
such therapies; this suggestion is in accord with the
literature,23,25 which states that laser irradiation accelerates the healing process of bone fractures and,
Angle Orthodontist, Vol 00, No 0, 0000

together with LIUS, can enhance the healing process
of a fractured bone more than can LIL therapy alone.
CONCLUSIONS
N Application of LIL accelerated bone healing.
N The greatest effects were observed for LIUS
combined with LIL.
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