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Abstract: Lasers has been proved to increase tissue oxygenation, activate marrow progenitor 

cells, expanse the microcirculation, accelerate the restoration of functions, stimulate adaptation 

ability and stabilization of the hormonal status. The semisolid tissue present in the epiphysis of 

the bone where it`s structure is spongy or cancellous is bone marrow and it formed about 4% of 

body weight , the marrow is composed of hemopoietic cells , however , the structure of the 

marrow is of both cellular and non – cellular components. The hemopoietic stem cells are 

responsible of producing white blood cells, red corpuscles, platelets in addition to the 

fibroblasts, macrophages, adipocytes, osteoblasts , osteocytes and osteoclasts, the current study 

aimed to detect the effects of lasers on the bone marrow. Twenty four adult New Zealand male 

rabbits were used in the study, they were divided into two groups with twelve rabbits each ; the 

first group was treated with He-Ne laser for ten days. the second group was treated with diode 

laser for ten days. Three rabbits from each group underwent bone marrow aspiration to detect 

the marrow status assessed by special laboratory investigation  at the days  "1, 7 ,14 & 21 " 

using " 18-ga " gauge needle introduced to the marrow cavity through a small hall done in the 

trochanteric fossa. Samples collected from animals of different groups examined 

haematollogically using Wright`s stain. Results of the hematological examinations revealed that 

low level laser application stimulates the bone marrow and induce the infiltration of the tissues 

with high numbers of blood cells which were formed by increase mitosis and haemopoiesis to 

great levels. Conclusions can be done that the irradiation of the marrow with the lasers 

regardless it`s kind was very efficient to make the marrow of the adult rabbits which tend to be 

yellow in nature motivated and restore it`s capability of producing of the hemopoietic stem cells 

and mature blood cells 

 

1 Introduction 

Reports indicated the laser light has various actions on human body cells [1], direct effect of laser lights on the 

cells and tissues may be regarding the inflammations, studies demonstrated that the direct response of the tissues 

to the laser in some cases may be as pro-inflammatory [2], immunostimulatory  [3] and in other cases as anti-

inflammatory [4].   

   Low level laser therapy L.L.L.T.  used to reduce pain, inflammatory traction, edema, to improve wounds 

healing, to restore function and prevent tissue damage [5], literature reviewing revealed that the  L.L.L.T.   has a 

significant effect on cell cultures containing stem cells or other cell lines, creating high incidence of ATP, RNA, 

and DNA synthesis [6]. Lasers have positive impact on the bone marrow mesenchymal stem cells [7] 

Experimental laser irradiation on bone marrow stem cells affect positively on the viability of mesenchymal stem 

cells and increase their proliferative activity without changing their morphology, increased their viability and 

the number of cells, the great incidence of fracture healing depends upon the marrow component`s activity [8]. 

All of these facts made bone marrow a vital body tissue and essential for the scientists to search thoroughly for 

such an important value in case of trauma and fractures and looking for it`s response towards low energy laser 
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therapy specially there is a serious need for such great clinical benefits specifically if an elderly victims 

subjected to trauma and or fractures.         

 

2 Materials & Methods   

Twenty-four male New Zealand rabbits were used in the current study; they were divided in to two groups with 

12 animals each; 

- group  "a"  irradiated with a He - Ne laser beam applied on the left thigh, the wave length of the laser 

was 632.8 nm , power 5 mW , for 10 minutes /  session  for 10 days. 

 

- group " b"   irradiated with a pulsed diode laser " window type" applied on the left thigh, the wave 

length of  the laser was 904 nm , power 5 mW , for 10 minutes /  session for 10 days . 

   Three rabbits from each group underwent bone marrow aspiration to detect the marrow status assessed by 

special laboratory investigation  at the days  "1, 7 ,14 & 21 " . Sites which can be used for the marrow aspiration 

may be the trochanteric fossa of the proximal femur , greater tubercle of the proximal humerus or the greater 

tubercle of the proximal humerus [9] , in the current study the trochanteric fossa of the proximal femur chosen.  

   The site of the operation prepared surgically and the animals anaesthetized with general anesthesia using a 

mixture of ketamine hydrochloride and Xylazin, a small incision in the skin over the fossa done using a surgical 

blade and a biopsy needle " 18-ga " hold in a manner to get a  precise control ,introduced through the fossa. 

Biopsy needle is formed of a proximal collar , a hollow needle portion , a solid stylet fits the needle bore and a 

cap cover the proximal end  to keep it sterile and easily handling , the needle placed medial to the greater 

trochanter within the femoral fossa, and directed toward the femoral shaft , a force was used to penetrate the 

cortical surface in a perpendicular line. The stylet pulled out and a syringe rinsed with 4% disodium- or 

dipotassium-EDTA was attached  to the end of the biopsy needle to prevent or at least reduce clotting of the 

sample during collection, full suction was applied so that the blood flash seen , this step is very important to  

prevent  hemo - dilution, then the  contents of the syringe and needle were expelled onto glass slides. The 

incision done in the skin closed using stitches of silk and the animals placed under care. Two slides method was 

used for preparation of bone marrow smears ; the marrow sample placed on to glass slides so fast to prevent 

clotting of the sample , then the slide was tilted to make the blood pass away from the slide , another slide place 

on the first one in a perpendicular position to spread the marrow  particles or spicules [10] 

   The marrow samples then stained with a special stain "Wright`s stain" which is most commonly used to stain 

marrow aspirate smears [11], to see the white blood cell, a red blood cell morphology, an abnormal granulocyte, 

lymphocyte or monocyte cells , this stain can be used effectively [12]. 

 

3 Results 

Samples of aspirated bone marrow smears stained with wright`s stain at the first day of the  irradiation with the 

lasers  in the animals of both groups revealed that the marrow is a yellow one or seemed to be , there were a 

large number of adipocytes "fat cells" which were dominant and occupy a large space of the area , there were a 

little red blood cells, white blood cells and lymphocytes, Figure1. 

Examination of the aspirated bone marrow smears  seven  days after irradiation with He – Ne laser in the 

animals of the first group revealed appearance of a large number of mesenchymal stem cells , proerythroblasts, 

myloblasts  and lymphoblast , adipose cells  seen also.   

The examination of the marrow smears obtained from the diode laser irradiated group for the same time 

revealed a large number of mesenchymal stem cells invade the smear , proerythroblasts  cells indicating the 

steps of the development of the erythroblasts seen in the smear , myloblasts and progranulocytes,  lymphoblast, 

monoblasts and megakaryocytes. 

Bone marrow smears after two weeks of irradiation  with He- Ne laser in the animals of the first group revealed 

appearance of  steps of the development of the erythroblasts . Basophilic, neutrophilic and eosinophilic 

mylocytes , some lymphocytes and megakaryocytes.  

Examination of the smears obtained from the animals irradiated with diode laser for the same period revealed  

very rapid development of the erythroblasts , reticulocytes  , few newly formed red  corpuscles seen. while the 

basophilic, neutrophilic and eosinophilic mylocytes developed to form band cells , few basophils, neutrophils 

and eosinophils seen in the smear. Monocytes seen and the megakaryocytes tend to develop in to platelets, 

Figure 2. 

After three weeks of irradiation with He – Ne laser in the animals of the first group the marrow smears obtained 

from the animals revealed a development in the maturation of the hemopoietic cells , there were a reticular cells 

and newly formed blood corpuscles , the basophilic, neutrophilic and eosinophilic mylocytes  developed in to 
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band cells and some basophils, eosinophils and neutrophils, lymphocytes and monocytes seen in the smear, the 

number of the adipose cells decreased. 

At the animals of the group which were irradiated with diode laser for the same time the examination of the 

marrow smears showed large number of well-developed red cells, basophils, eosinophils , neutrophils , 

monocytes and lymphocytes , there were a large number of platelets , the steps of the maturation of the marrow 

components significantly invade the smear indicated the change of the marrow from yellow to red , the 

fibroblasts and remaining stromal cells became very scant, Figure 3.   

 

 

    
 

 

 

 

 

 

 

 

Figure 1: the first day of irradiation in both groups ; the fatty marrow is dominant, large number of adipose cells, 

little white blood cells and erythrocytes ,( Wright Stain X 100). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: after two weeks of irradiation with diode laser : large number of erythroid cells , myelocytes and  

metamyelocyte , ( Wright Stain X 100) . 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: three weeks after the irradiation with diode laser : the red marrow was the dominant, large number of  

erythrocytes , white blood cells and lymphocytes , ( Wright Stain X 100) . 

 

4 Discussion  

In the last few years the world gave a great attention for the marrow mesenchymal stem cells as a new method 

introduced strongly in the fields of  tissue engineering and reparative medicine, that for they have a potential 

ability to proliferate and differentiate any where in the body when there is a need for that, at the same time the 

scientists and research centers found that irradiation of these cells with low level lasers potentiate them to a 

great degree. 

Mesenchymal stem cells found any where in the body but it can be easily got from the bone marrow and then 

transmitted and implanted in any injured organ in the body, where they provide their functional roles[13] .   
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These cells have the ability to differentiate to  any mesenchymal derived tissue in vitro ,  their functional roles in 

a  damaged tissues do not depend on their ability to  differentiate  , but  on their ability to secrete growth factors 

and cytokines, that stimulate the tissue cells to build  new microcirculation , extracellular matrix and promote 

the endogenous regenerative response [14, 15]. They also posses an immunosuppressive properties that make  

them easily used in both autologous and allogenic contexts  [16]. 

Low level lasers  stimulates the differentiation of mesenchymal stem cells , enhances osteogenesis and inhibits 

adipocytes formation and decrease the osteoclast`s capability of bone resorption[17], that contributes the 

decrease in the adipose cells , osteoblasts , osteocytes and osteoclasts in the smears obtained from the animals of 

both laser treated groups after 7 days of irradiation and also the early appearance of the hemopoietic cells .  

Irradiation of mesenchymal stem cells with a diode laser promote their proliferative capability,  this process is  

dependent on activating some  physiological aspects like the membrane ion channel and Notch-1 

upregulation[16]. 

Results shown that after 7 days post exposure to low power laser radiation indicate that the irradiation caused 

releasing of prostaglandin  which cause an inflammatory reaction in the area which in turn initiate a release of 

histamine , however the mechanism underlying the bio – stimulating effects  on the molecular aspect focused on 

the  changing of the laser photons into metabolic energy in the form of ATP, which in turn stimulates a variety 

of biochemical pathways leading to accelerating of cell proliferation[18]. 

Regarding the variance in development and regeneration in response to He-Ne and diode laser  despite that they 

are both with 5 mW is contributed that He-Ne laser has a limited penetration capability with a focused beam  

while the diode laser has a more penetrating capability rather than it was of window type and the radiation 

distributed on a wider area making it found more pronounced effects  , so animals treated with He-Ne Laser 

showed 14 days later development of the erythroblasts , basophilic, neutrophilic and eosinophilic mylocytes , 

some lymphocytes and megakaryocytes while those treated with diode Laser showed rapid development of the 

erythroblasts , reticulocytes  , few newly formed red  corpuscles seen. while the basophilic, neutrophilic and 

eosinophilic mylocytes developed to form band cells , few basophils, neutrophils and eosinophils, referring to a 

large gup in the effect and the effect of the laser and results seen in the smears between the two groups. Animals 

treated with He-Ne laser showed  21 days later showed reticular cells , newly formed blood corpuscles , some 

basophils, eosinophils and neutrophils, lymphocytes and monocytes , while those of the diode laser group 

showed maturation of the marrow components invading the field indicated the change of the marrow from 

yellow to red which is contributed to synchronization of formation and much more releasing of prostaglandins. 

Increased vascularization at the sites irradiated with LLLT is a laser-specific reaction, the laser radiation 

stimulates Growth hormone G-protein, which in turn facilitate the cyclic adenosine monophosphate cAMP  ,  

the latter stimulates cyclic deoxyribonucleic acid  cDNA ,  this product will stimulate the messenger ribonucleic 

acid  mRNA  which enhances and increases protein synthesis. Prostaglandins exaggerate the stimulatory effect 

of GH, cAMP, and proteinkinase.5 , ATP, ATPase . Adenosine, GH, FGE, and VEGF are angiogenic factors, 

[19].  

  

5 Conclusions 

Irradiation of the marrow with low level lasers regardless the kind is very efficient to make the bone marrow to 

restore it`s efficacy even if tend to be yellow in nature , the marrow  motivated and restore it`s capability of 

producing of the hemopoietic stem cells and mature blood cells 
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