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Comparison of the effects of low-level laser 
therapy and low-intensity pulsed ultrasound 
on the process of bone repair in the rat tibia

Comparação dos efeitos do laser de baixa potência e do ultrassom de baixa 

intensidade no processo de reparo ósseo em tíbia de rato

Poliani Oliveira1, Evandro Sperandio2, Kelly R. Fernandes2, Fabio A. C. Pastor3, Keico O. Nonaka4, Ana C. M. Renno5

Abstract

Background: Electrophysical agents such as Ultrasound (US) and low-level laser therapy (LLLT) have been increasingly used in 

physical therapy practice. Studies suggest that these devices are able to stimulate osteoblast proliferation and osteogenesis at the 

fracture site, resulting in a greater deposition of bone mass and speeding up the consolidation process. Objective: The aim of this study 

was to analyze the effects of US and LLLT on the bone healing process, through biomechanical and histological analysis of the bone 

callus. Methods: A total of 30 rats were randomly allocated into three groups: control group fracture without treatment (GC); fracture 

group treated with pulsed US, burst 1.5 MHz, 200us, 1KHz, 30 mW/cm2 (GUS) and fracture group treated with laser 830nm, 100mW,

120J/cm² (GL). Bone defects were performed with a circular drill of 2mm in diameter in the animal’s tibias. The treatments were carried 

out after surgery consisting of 7 applications every 48 hours. After 14 days the animals were sacrificed and the tibias were removed to 

perform the analysis, being the right tibia designated for biomechanical analysis, while the left tibia for histological analysis. Results: 

The biomechanical analysis showed no statistically significant difference between biomechanical properties of the CG, CL and GUS. 

In morphometric analysis, both GUS and GL showed a significantly higher woven bone tissue area compared to the control group. 

However, when the two treatment modalities were compared, there were no statistical differences between them. Conclusion: Both 

devices used in this study were able to accelerate the bone healing process in rats.

Keywords: laser; ultrasound; bone; rat.

Resumo

Contextualização: Recursos eletrofísicos, como o ultrassom (US) e a terapia laser de baixa potência (LLLT), vêm sendo cada vez mais 

utilizados na prática fisioterapêutica. Estudos sugerem que esses recursos são capazes de estimular a proliferação de osteoblastos e 

a osteogênese no local da fratura, promovendo maior deposição de massa óssea e acelerando o processo de consolidação.  Objetivo: 

Analisar os efeitos do US e da LLLT no processo de consolidação óssea por meio das análises biomecânica e histológica do calo 

ósseo. Métodos: Foram utilizados 30 ratos machos, distribuídos aleatoriamente em três grupos: grupo controle fratura, sem tratamento 

(GC); grupo fratura tratado com US pulsado com burst de 1,5 MHz, 200us, 1KHz, 30 mW/cm2 (GUS) e grupo fratura tratado com laser 

830nm, 100mW, 120J/cm² (GL). Foram realizados defeitos ósseos circulares com broca de 2 mm de diâmetro nas tíbias dos animais. 

Os tratamentos foram realizados a cada 48 horas, totalizando sete aplicações e, no 14º dia, os animais foram sacrificados. A tíbia 

direita foi designada para análise biomecânica, enquanto a esquerda, para análise histológica. Resultados: A análise biomecânica 

não mostrou diferença estatisticamente significativa entre as propriedades biomecânicas do GC, GL e GUS. Na análise morfométrica, 

tanto GUS quanto GL apresentaram área de osso neoformado estatisticamente maior em relação ao GC. No entanto, quando as 

duas modalidades de tratamento foram comparadas, não foram encontradas diferenças estatísticas entre elas. Conclusão: Ambos os 

recursos utilizados neste estudo foram capazes de acelerar o processo de reparo ósseo em ratos. 

Palavras-chave: laser; ultrassom; tecido ósseo; rato.
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Effect of laser and ultrasound on bone repair in the rat tibia

Introduction 
Th e bone repair is a highly complex regenerative process, 

which includes the interaction of a series of biological events, such 

as the active synthesis of genes and the action of a large number 

of cells and proteins, which will determine the restoration of the 

integrity of the bone tissue1. However, during this process it is pos-

sible to occur alteration that will culminate in the impairment of 

the bone regeneration and, consequently, the delay in consolida-

tion and, even in non-bone union. It is estimated that, in the USA 

from the 6.2 million of fractures that occur annually, nearly 10% 

will progress to non-consolidation and pseudoarthosis1. 

Within this context, several biophysical and biochemical 

advances have been investigated in an attempt to minimize 

the time to bone consolidation and to decrease the chance of 

possible complications originated from abnormal regeneration 

process2. Among them, the eff ects of treatments such as the 

administration of bone morphogenetic proteins, bioactive ma-

terials and the use of electromagnetic fi elds can be cited. More 

recently, the use of low-intensity pulsed ultrasound (US) and 

of the low-level laser therapy (LLLT) have been suggested as a 

possible treatment for this condition3. 

Due to the positive eff ects on bone metabolism and on 

fracture consolidation the use of LLLT has been encouraged 

in clinical practice. Renno et al.4 and Stein et al.7 showed a 

signifi cant increase in the proliferation of osteoblasts after 830 

nm laser irradiation at 20 J/cm2. In addition, the laser seems to 

accelerate the process of fracture repair and cause an increase 

on the callus volume and bone mineral density8,9. Pinheiro et 

al.10 showed that the laser (830 nm, 40 mW, 4,8 J/cm2) was able 

to increase the amount of mineralized bone tissue in induced 

fractures in rats’ femurs. 

Th e low intensity pulsed US is also a device that has been 

gained high attention due to its great osteogenic potential11. 

Several authors have demonstrated the eff ectiveness of the US 

in the acceleration of bone consolidation after a fracture as well 

as improving the biomechanical properties of the bone callus in 

rats and rabbits12,13. Takikawa et al.12 observed in an experimental 

study, that after six weeks of treatment, the US has signifi cantly 

increased the level of fracture consolidation in non-union frac-

tures in comparison with a control group. Similar results were 

reported by Sun et al.14 and Lirani-Galvão et al.9.

According to the points discussed above, the US and the 

LLLT have been emerging as promising alternatives in the 

treatment of bone fractures. Such devices, present a great 

osteogenic potential, as well as they consist of a non-invasive 

treatment methods and have a relatively low cost. However, 

controversy exists with regards to the best parameters to be 

used to obtain an eff ective outcome on the bone tissue after 

the administration of US and LLLT. In addition, studies that 

have compared the eff ects of these two devices on the fracture 

consolidation process are scarce. Th erefore, this study has the 

purpose to verify the eff ects of the US and of the LLLT on the 

bone consolidation process in rats, based on biomechanical 

and histological analysis. 

Methods 
Th irty male Wistar rats weighting between 280 and 320g 

were selected for inclusion in this study. Th e animals remained 

under controlled environmental conditions (light/dark cycle of 

12/12 hours, sanitized environment, temperature of 24±2oC and 

adequate ventilation), where they received common ration and 

water freely. Th is study had been approved by the Ethics Commit-

tee in Animal Experimentation of the Universidade Federal de São 

Carlos (UFSCar), São Carlos, SP, Brazil (Protocol 023/2006).

Th e animals were randomly allocated into three groups 

(n=10): control group with fracture (CG) in which the rats were 

submitted to the bone defect, however they did not receive tre-

atment; laser group (GL) in which the rats were submitted to 

the bone defect and there were treated with laser of 120 J/cm2, 

and US group (GUS) in which the rats were submitted to bone 

defect and they were treated with US. To perform the bone 

defects, the rats were anesthetized according to their body 

weight with a mixture of Ketamine (National Pharmaceutical 

Chemical Union S/A, Brazil) and Xylazine (Calier Laboratories 

S.A, Brazil) (80/10 mg/Kg). Both the right and left tibia were 

submitted to the surgical procedure. After anesthesia, tricho-

tomy and disinfecting of the area to be operated, a skin inci-

sion was performed in the medial region to expose the tibia. A 

standardized 2 mm diameter bone defect, irrigated with saline 

solution, was created in the middle third of the tibia (10 mm 

below knee joint) using a motorized drill (Figure 1). Finally, 

muscle and skin were sutured with a 4.0 monofi lament nylon 

A: The medial compartment of the tibia was exposed through a longitudinal incision on 

the shaved skin. B: A standardized 2 mm diameter bone defect was created by using a 

motorized drill C: bone defect.

A B C

Figure 1. Pictures of surgery. 
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with 1 cm distance between points, and then the site was cle-

aned. Th e animals had free access to water and food until they 

were sacrifi ced. 

Treatments 

Low intensity laser

Th e device used was a portable Laser model DMC, THE-

RALASE, version 24, class 3B, Ga-Al-As diode, with wave-

lengths of 830 nm, continuous emission, output power of 100 

mW, power density of 3.57 W/cm2, beam area of 0,028 cm² 

and divergence of 1.5°. Th e laser application was performed 

in both tibias, using the punctual contact technique in just 

one point over the fracture, being the pen device positioned 

perpendicularly to the tissue. Th e fl uency used was 120 J/cm², 

for 34 seconds, 3.4J of energy. 

Low intensity pulsed ultrasound 

A portable model of US (Exogen, United States), pulsed 

mode with a burst of 1.5 MHz, with pulse width of 200us, pulse 

repetition frequency of 1 KHz and intensity of 30 mW/cm2, for 

20 minutes. 

Both treatments have been initiated immediately after the 

surgical procedure and in the second, fourth, sixth, eighth, tenth 

and twelfth post-surgery day, with a total of seven applications 

in 14 days. Th e application was performed on both tibias. 

Euthanasia

On the fourteenth day after the experimental procedure, 

the animals were euthanized by a lethal dose of anesthetics, 

injected intraperitoneally. Th e tibias and the soft tissue were 

removed for further analysis. Th e right tibia was chosen for 

biomechanical analysis, while the left tibia was used for the 

histological analysis. Th e analyses were performed with ten 

samples of each group. 

Biomechanical analysis 

For biomechanical analysis, a three point bending test 

was performed, which was carried out on the right tibia of the 

animals of all groups. Th e biomechanical tests were performed 

in a universal testing machine (Instron, model 4444) at room 

temperature. To perform the test, a load cell with maximal ca-

pacity of 1 KN and preload of 5 N was used. A metallic frame of 

3.8 cm length was used, exposing only 1.8 cm of the specimen. 

Th e tibias were positioned with the defect area facing down in 

order to place this segment under traction according to the 

model used in the Lirani-Galvão et al.9 study. From this test, 

the following variables were obtained: maximal load (KN), resi-

lience ( J) and tenacity ( J). 

Histological analysis

Th e tibias were decalcifi ed in a decalcifi cation solution 

described by MORSE (Sodium Citrate at 20% and Formic Acid 

at 50% in equal parts) and, subsequently processed in paraffi  n. 

Th e paraffi  n blocks were sectioned longitudinally with stan-

dardized thickness of 5.0 μm, and histological sections were 

prepared. Th e sections were then stained with Hematoxilyn 

and Eosin (HE) for qualitative analyses and with Masson Tri-

chrome for morphometry. Each animal was represented by two 

histological sections, each one with a series of at least three 

consecutive sections. 

Th e qualitative histological analysis was performed using 

a light microscope (Olympus, Optical Co. Ltd, Tokyo, Japan). 

Modifi cations such as the presence of new bone formation, 

bone marrow tissue, presence of infl ammatory infi ltration and 

granulation tissue, were considered. 

The morphometry of the area of the new bone formation 

in the defect region of each animal was measured with the 

sections stained with TM using an image analysis system 

Motican 5.0. Two areas of the cortical region of the bone 

defect were selected and named C1 and C2, corresponding 

to the regions adjacent to the wall defect, located  above 

and below the cortical region of the of the bone defect (Fi-

gure 2). In this staining, the woven bone tissue stains in 

blue, being therefore possible to measure the entire area 

of new bone formation. The areas were registered using a 

10X objective Lents. After being registered, they were com-

bined, resulting in the total area of woven bone tissue in 

the defect. 

C1: field 1; C2: field 2. T.M. ±40X.

Figure 2. Standardization of selected areas in histological sections for 

morphometry. 
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Groups

Morphometry

GC

350000

300000

250000

200000

150000

100000

50000

0
GL GUS

*p<0.05 vs. GC: control fracture group; GL: laser group; GUS: ultrasound group. 

Figure 4. Mean and standard deviation of the area of woven bone 

tissue of the different experimental groups. 

Statistical analysis 

Descriptive analyses, such as graphs and tables, as means 

and standard deviations were used to analyze statistically 

the data. Th e Shapiro-Wilk normality test was used for all the 

variables and the Kruskal Wallis test was used for compari-

sons between groups. Th e analyses were performed with the 

STATISTICA software, version 7.0. Th e level of signifi cance 

was of p≤0.05.

Results 

Biomehanical analysis

Table 1 presents the means and the standard deviations 

of the biomechanical properties of all experimental groups. 

The statistical analysis showed that  there was no signifi-

cant difference among the three groups after the period of 

14 days. 

Qualitative histological analysis

A moderate presence of woven bone tissue inside the 

defects was observed in the control group. Th e presence of 

infl ammatory process (Figure 3A) was not observed. In the 

groups treated with LLLT and US, similar results were found. 

In both groups there was a large amount of woven bone tissue 

and also the presence of extensive union of thick and well-

defi ned trabeculae bone in most parts of the aff ected area 

(Figure 3B and 3C). Th e presence of infl ammatory process was 

not observed. Moreover, the treated groups presented a higher 

tissue organization compared to the CG. 

Morphometric analysis

It can be observed in Figure 4 that the GL and GUS pre-

sented statistically signifi cant values of the area of woven bone 

tissue when compared to the GC that was not treated. Howe-

ver, there was no diff erence in the comparison between the GL 

and GUS groups. 

Figure 3. Bone deffect from GC (A); GL (B) and GUS (C).

*=Presence of woven bone tissue. H.E. ±100X. GC=control fracture group; GL=laser and GUS: ultrasound.

A B C

Group Maximal load (KN) Energy absorption (J) Tenacity (J)
GC 0.064±0.020 0.029±0.012 0.057±0.011

GUS 0.056±0.012 0.022±0.010 0.034±0.013

GL 0.056±0.009 0.018±0.007 0.055±0.019

Table 1. Biomechanical Properties (Mean±SD).

GC: fracture control group; GUS: ultrasound group; GL: laser group. (n=10/grupo).
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Discussion 
Th e present study demonstrated, through histological 

analyses, that both the therapeutic laser and the low intensity 

pulsed US were able to stimulate the bone healing process 

after the induction of defects in the rat tibias. However, no sig-

nifi cant diff erences were observed between these two devices; 

in addition, no modifi cations in the mechanical properties of 

bone callus of the animals treated were found. 

Several studies have reported that laser is able to contri-

bute to the acceleration of the bone healing process. Merli et 

al.15 found positive results after the administration of laser 

(Ga-As-Al 670 nm, 15 mW) in bone defects. After 14 days, the 

authors found an increase of the area of the woven bone tissue 

in the group treated with laser when compared to the control 

group. Th e acceleration of the bone healing process was also 

reported in other studies, such as the study by Pretel et al.16 and 

by Pinheiro et al.10, that have used the laser As-Ga-Al (830 nm, 

continuous, 40 mW, 57.6 J/cm2).

A similar result was observed by Matsumoto et al.17, whom 

used the laser Ga-As-Al, 735 nm, continuous, 16 J/cm2, for re-

pairing the bone defect in rats tibias, being the treatment car-

ried out every 48h for 7, 14 and 21 days. As a result, they found 

that the laser was able to increase the area of the woven bone 

tissue in the area of bone defect after 14 days from surgery. 

Th e eff ects of US in bone healing process have also been wi-

dely investigated and, according to several authors, this device 

seems to stimulate bone metabolism. Freeman et al.18 have used 

computerized tomography to investigate the eff ects of the US on 

the bone remodeling during the repair of bone fracture in rat’s 

femurs. As a result, they found that there was a signifi cant in-

crease in woven bone tissue in the fracture site in the US group. 

Moreover, Gebauer et al.19 showed that the US at 30 mW/cm2,

1.5 MHz was eff ective to increase bone strength in diabetic rats. 

Despite the positive eff ects of the US and the laser thera-

pies, such as the stimulation of the bone healing process, no 

biomechanical changes was found in the histological analysis. 

It can be suggest that the time after surgery has not been su-

ffi  cient to result biomechanical properties changes. Shakouri 

et al.20 have also not found an increase in the biomechanical 

properties after using low intensity pulsed US, 30 mW / cm ², in 

the bone healing process of rabbits tibia fractures. In the study, 

osteotomies were performed in 30 rabbits tibias treated with 

US for a period of eight weeks. Th e computerized tomography 

showed that there was an increase in bone mineral density in 

the US group compared with the control group. However, no 

signifi cant statistical diff erences in the biomechanical pro-

perties were found. Similarly, Otremski et al.21 have not found 

evidence of increased stiff ness and maximum torque after irra-

diation with 632 nm HeNe laser.

Studies comparing these two treatment modalities are 

scarce in the literature. In a comparative study, which evaluated 

the eff ects of the laser and the US in cultured fi broblasts, it was 

observed that both devices have promoted cellular changes22. 

However, in a similar study conducted by De Oliveira et al.23 it 

was observed a higher cell proliferation in cultured fi broblasts 

irradiated with laser, which it seems to be more eff ective.

Th erefore, there is a need for further studies in vivo exami-

ning  the eff ects of these two modalities of treatment on bone 

tissue. Th us, the present study can be considered of great im-

portance, as well as the study performed by Liran-Galvão et al.9, 

whom compared the eff ects of LLLT (Ga-Al-As laser, 780 nm, 

30 mW, 112.5 J / cm²) with of low intensity pulsed US (LIPUS) 

(1.5 MHz, 30 mW / cm²). In this study, the authors have found 

that both physical agents promoted changes in bone repair, but 

at diff erent stages of healing process. Th e LIPUS increased the 

bone healing process by promoting bone reabsorption in the 

fractured area, while LLLT accelerated this process through 

bone formation and by the increase of the maximum bone 

strength when compared to control groups and LIPUS.

Based on the results of this study, it is possible to conclude that 

both the therapeutic laser and the low intensity pulsed US were 

able to increase the area of  woven bone tissue, accelerating the 

bone healing process after the induction of defect in the rat tibias.
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