
 

 

  

Abstract — The main purpose was to determine the effect of 

low level laser therapy (LLLT) on bone repair after total femur 

fractures. Sixty male adult Wistar rats, weighing 350g were randomly 

assigned to two groups (A, B) according to the procedure and then 

divided into 3 subgroups (1, 2, 3) regarding the day of death. We 

designed a femur total fracture experimental model, taking off a 2mm 

stump from the mid third of the right hindlimb femoral shaft. The 

bone was than secured by a special titanium plate and fixed by 4 

screws, keeping a 2mm gap. Animals from group A were exposed to 

8 sessions of laser irradiation (GaAlAs, 200mW power, wavelength 

of 808nm, dose of 2J/cm2, 2 points in contact method), once a day, 

from the first to 8th P.O. day. Group B went through exactly the same 

procedure, except for laser application. Animals were killed on day 8, 

13 and 18 after surgery. Results were analyzed by Mann-Whitney and 

Fisher's tests. Morphometric analysis of neoformed tissue showed a 

significant difference between groups: on day 8 the area of bone 

tissue was 61mm2 for the treated group (Group A) compared to the 

untreated group (Group B) area of 50,5mm2 (p = 0.00004114). On 

day 13 these values were respectively of 91,5mm2 and 71,5mm2 (p = 

0.0001827) for groups A and B. On day 18 these measures were 

101,5mm2 and 81mm2 for Group A and Group B respectively (p = 

0.0002798). In conclusion LLLT enhances acceleration bone cell 

proliferation after bone fracture. 

 

Keywords— Bone remodeling, femoral fractures, low-level laser 

therapy.  

I. INTRODUCTION 

5.6 million long bone fractures are estimated to occur in the 

United States each year, handled in many ways and from 

which 5 to 10% have a delayed or no consolidation at all due 

to different factors. Many efforts were made to minimize the 

consequences using clinical or surgical methods to abbreviate 

bone consolidation [1]. Several authors have studied 

experimental models in mice by evaluating the performance of 

low-intensity laser treatment (LLLT) to consolidate fractures
[2-

6]. Regarding the injury mechanism used for lookups of LLLT 

we can cite diaphyseal [4], [7] and epiphyseal[8] bone defect,  

diaphyseal fractures [9] and circular diaphyseal [6], [10] 

injuries. The evaluation studies using laser therapy also varied.  
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Most of them uses the histological assessment and, in some, 

histomorfometry. 

The normal process of bone consolidation occurs in three 

phases. In the first phase occurs an hematoma of fracture, soon 

invaded by inflammatory cells. These cells, together with 

osteoclasts, eliminate the necrotic tissue preparing it for the 

restorative phase. At this stage, the fibroblasts form a fibrous 

callus or fibrous network, to the beginning of type I collagen 

deposition (precursor proteins that stimulate the osteoblasts) 

forming a primary bone. In the third stage (remodeling), the 

primary bone goes through a series of reabsorption and 

neoformation processes (secondary bone), until the region 

resume its morphological and functional biomechanical 

features as before injury [10]-[12]. 

The beginning of the process of bone regeneration starts 

into the first 3 hours after the injury and lasts approximately 24 

hours. Initially inflammatory process triggers a cascade of 

events such as the production of cytokines IL-1 and IL-6, 

PDGF TGFβ and promoting collagen and proteins deposition 

forming a cartilaginous callus (primary bone). As the action of 

macrophages and osteoclasts continues, necrotic tissue 

reabsorption gradually stimulates a new calcification of the 

cartilaginous callus stimulating capillary venous network 

(neovascularization) to assist in local blood irrigation of 

endothelial cells derived remnants of broken vessels and 

undifferentiated mesenchymal cells. This neovascularization 

allows the deposit of osteoinducting, osteoconducting, 

osteogenic [4], [5] and condrogenic (Morphogenetic Proteins-

BMP) proteins, forming a new calcified bone (calcification of 

bone matrix), which results in a secondary bone [13]-[14].  

Each study shows particular aspects on how LLLT helps bone 

repair without a consensus regarding the effect of LLLT in 

biological tissue during the various stages of bone turnover. 

The goal was to determine the effect of low intensity laser 

therapy on bone repair in fractures of femur.  

II. METHODS 

This study was approval by the Committee of Ethics of 

UNIFESP/EPM under number 1101/09.  

1) Sample 

 Sixty Wistar adult male rats weighing approximately 350g, 

were maintained under controlled conditions. The animals 

were assigned to two groups: Group A (30 animals) – 

application of low-intensity Laser Group B (30 animals) – 

sham. These 2 groups were again distributed into three 

subgroups: 1, 2 and 3, with 10 animals in each group, 
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according to the time of euthanasia.  Subgroup 1 – euthanasia 

on the 8
th

 postoperative day; subgroup 2 – euthanasia on the 

13
th

 postoperative day; and subgroup 3 – euthanasia on the 18
th

 

postoperative day. Animals were identified by numbers written 

on the tail. 

2) Surgical procedure 

The animals were anaesthetized with an intramuscular 

injection of combined ketamin, hydrochloride and fentanyl. 

The posterior right pod was shaved and the animal was 

positioned on the operation table and cleaned with Povidine
®
.  

Once the skin and subcutaneous anterolateral region were 

opened, the fascia and the femur were accessed between the 

rectus femoris and vastus lateralis muscle. The bone shaft was 

exposed and a special titanium card was placed (1.5 straight 

card, central space with 4 holes, 1 mm interval between the 

holes, SYNTHES Ind., Rio Claro, Brazil) and cortical 

stardrive screws 1, 5 mm and 1,7 mm thick depending on the 

diameter of the femur. For placing this card we used a 

"CLAMP" (Reis’ clamp) positioned in the center of the card, 

witch allowed to determine the exact locations where the cuts 

were to be made in the bone. The bone was then sectioned 

using an oscillating jigsaw (IMPLANTEK LASE, DMC 

equipment, Sao Carlos, Brazil) at 500 to 800 rpm and saline 

continue irrigation to prevent heat injury in bone tissue. The 

cuts were made on either side of the clamp and then pulled out 

a cylinder bone segment about 2 mm long. Wound closure was 

made by rapprochement of the muscles and skin with 

continuous suture using a nylon 4-0 thread. The dressing was 

done with a layer of butyl-cyanoacrylate adhesive. 

3) Application of Laser 

The animals were exposed to 8 sessions (from the 1st to the 

8th day of post-operative) of low-intensity Galium-

Aluminium-Arsenide laser (GaAlAs – DMC Equipment, Sao 

Carlos, Brazil), model Magnus Plus, λ= 808nm, 250mW of 

nominal power, power density, 200mW/cm
2
 energy density of 

2000mJ/cm
2
 power dose 2J/cm

2
, spot diameter of 0.02mm, 

time= 5s, 2 points for application by "contact". Animals from 

Group B were subjected to the same procedures, differing only 

by the fact that the application of laser occurred with the 

instrument in off position. 

4) Euthanasia 

 Subgroup 1 was sacrificed on the 8
th

 day, the Subgroup 2 

on the 13
th

 day and the subgroup 3 on the 18
th
 postoperative 

day by giving a lethal dose of anesthetic used for the surgical 

procedure. 

5) Histological analysis 

Bones were fixed in 10% formalin, buffered decalcified and 

subjected to processing routine at the Department of Histology 

and Morphology of Escola Paulista de Medicina (Paulista 

Medical School).  Samples were cut in 4µm slices of material 

from cleavage faces of bone, stained with hematoxylin-eosin 

(HE) and observed by optical microscopy for bone formation. 

The counts were conducted in 10 fields per blade in increases 

of 100 and 400 times being: two fields on the left and right 

upper corners; 4 fields on the left and right low corners; and 2 

fields in the center. 

The three parameters examined were: inflammatory focus, 

new trabecular matrix bone formation and bone periosteum 

formation. The data on inflammatory focus and trabecular 

bone matrix neoformation were classified on a score from 0 to 

4 (0 = no cells, 1 = few cells, 2 = average, 3 = regular and 4 = 

intense) and the periosteum was ranked present or absent to 

provide objective data that could be worked out statistically. 

Morphometric evaluation of bone cells (osteoblasts and 

osteoclasts) was established by scanning images and 

computational analysis using a specific software for image 

processing and analysis (Image-Pro
®
 Plus 6.3.1), establishing 

as evaluation target the evolution of neoformed bone tissue 

(measured in mm
2
). Reading was performed in five quarters, 

including four peripherals and one central zone. 

6) Statistical analysis 

The results were analyzed through Mann-Whitney’s test for 

qualitative variables and Fisher’s exact test for quantitative 

variables, being the 2 groups compared between them for each 

postoperative day. 

III. RESULTS 

Results showed that the inflammatory focus of untreated 

group was higher than the group treated with laser in all 

periods. Average in the 8th day was 1.7 in the treated group 

and 2.4 in the untreated group. In the 13th day average values 

were 1.4, and 2.1 respectively (p = 0,015).  On the 18th day 

averages were 0.9 and 1.7 respectively (p = 0,028). New 

formed trabecular bone matrix in the treated group surveyed in 

three periods, with average of 2.2 on the 8
th

 day, 3.2 on the 

13
th

 day and 2.9 on the 18
th

 day. The untreated group showed 

no trabecular bone matrix formation in any of the periods 

searched (p < 0,001 in 3 periods).  The treated group showed 

higher formation of periosteum on day 13 (80% in the treated 

group, 0% in the untreated group) and day 18 (77.8% in the 

treated group, 10% in the untreated group) and their values 

were significant compared to the untreated group (p = 0,001 

and p = 0,005 respectively). 

Morphometric analysis of neoformed tissue showed a 

significant difference between groups: on day 8 the area of 

bone tissue was 61mm
2
 for the treated group (Group A) 

compared to the untreated group (Group B) area of 50,5mm
2
 

(p = 0.00004114). On day 13 these values were respectively of 

91,5mm
2
 and 71,5mm2 (p = 0.0001827) for groups A and B. 

On day 18 these measures were 101,5mm
2
 and 81mm

2
 for 

Group A and Group B respectively (p = 0.0002798). These 

results are shown below (tables 1,2, and 3). 
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Table 1: Hystomorphometric analysis – Day 8 

  Group A 

experimental 

Group  B 

sham 

Mann-

Whitney 

(p) 

Inflammatory 

focus 

Median 2,0 2,0 0,387 

quarter (1:3) 1,5:2,0 1,5:4,0 

New 

trabecular 

bone matrix 

Median 2,0 0,0 < 0,001 

quarters(1:3) 1,0:3,0 0,0:0,0 

New bone 

formation 

Median 61,0 51,0 < 0,001 

quarter (1:3) 59,5:63,0 47,5:52,5 

New 

periosteum 

yes 0% 0% 1,000 

no 100% 100% 

 

Table 2: Hystomorphometric analysis – Day 13 

  Group A 

experimental 

Group  B 

sham 

Mann-

Whitney 

(p) 

Inflammatory 

focus 

Median 1,0 2,0 0,015 

quarter (1:3) 1,0:2,0 2,0:2,0 

New 

trabecular 

bone matrix 

Median 3,5 0,0 < 0,001 

quarters(1:3) 2,8:4,0 0,0:0,0 

New bone 

formation 

Median 91,5 71,5 < 0,001 

quarter (1:3) 90,8:93,0 69,8:75,3 

New 

periosteum 

yes 80% 0% < 0,001 

no 20% 100% 

 

Table 3: Hystomorphometric analysis – Day 18 

  Group A 

experimental 

Group  B 

sham 

Mann-

Whitney 

(p) 

Inflammatory 

focus 

Median 1,0 2,0 0,028 

quarter (1:3) 0,5:1,0 1,0:2,0 

New 

trabecular 

bone matrix 

Median 3,0 0,0 < 0,001 

quarters(1:3) 2,5:3,5 0,0:0,0 

New bone 

formation 

Median 102 81 < 0,001 

quarter (1:3) 98,5:104,5 79,8:82,3 

New 

periosteum 

yes 77,8% 10% 0,005 

no 22,2% 90% 

 

IV. DISCUSSION AND CONCLUSION 

We found a high percentage of new periosteum formation 

for the group treated with laser on days 13 and 18 after the 

fracture. This is an important evaluation parameter for fracture 

consolidation. This is corroborated by the study of Einhorn 

[13] which set the periosteum response after a fracture as 

fundamental in its recovery. The same work highlight its 

appearing 7 to 10 days after responding to intramembranous 

bone formation, which can be observed in this study. 

Morphometry assessed how cells which form bone tissue 

respond in a controlled environment, especially the osteoblasts 

and osteoclasts. Explant cells proliferated and formed bone 

mineralized matrix, regardless of treatment that have been 

submitted. This aspect was also noted by other authors [15]-

[17]. 

Morphology of cultured cells confirmed other authors’ 

findings [15], [18], exhibiting a polygonal shape, long 

cytoplasmic processes and becoming smaller after confluence. 

During the period of differentiation the osteoblasts are 

surrounded by thin collagen fibers characteristics of young 

culture, forming osteoblasts clusters. No calcificated matrix 

shows amorphous vesicular structures that could be either 

mucoproteina or glycoprotein; These substances play 

important role in the process of calcification [19]-[20]. 

In vivo results have shown that animals treated with LLLT 

have a greater and more organized area of standard repair 

tissue, described histologically. The morphometric analysis 

also posted an increase of bone neoformed tissue, sustained by 

other studies in which there was an increased bone neoplasm 

and decreased repair times proportional to increased energy 

density [9], [21], [22]. 

We also observed that in all groups changes followed 

patterns similar to the physiological healing. 

The low-intensity laser has proved useful to repair bone 

tissue after fractures by accelerating the process and can 

become a valuable instrument in clinical practice. 
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