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 Introduction: The aim of the study was to evaluate the effects of estrogen 

histomorphologically and low level laser irradiation on wound healing process in the 
oral cavity of female Wistar rats,. The biological effects of estrogen and low-level laser 

therapy (LLLT) on wound healing is still controversial. Methods: Sixty female wistar 

rats with genetic homogeneity were randomized in four groups including: 1-
Ovariectomized rats underwent laser irradiation, 2-Ovariectomized rats without laser 

irradiation, 3-Sham-operated rats underwent laser irradiation, and 4-Sham-operated rats 

without any intervention. Two weeks after the operation (ovariectomy/Sham-
operation), a 5-mm-incision was performed in their unattached labial mucosa well 

below the central incisors. The day after surgery, the wound area of each rat in groups 1 

and 3 was exposed to laser irradiation (pulse mode 2500 Hz, 850 nm, daily dose 4.8 
J/cm2) for seven days. After the intervention, the histomorphology of the wound was 

assessed and the findings were analyzed using SPSS 13.0. Results: The process of 

wound healing in groups 1 and 3 (x² = 16.98 , p < 0.001) was significantly accelerated 
comparing groups 2 and 4 (x² = 18.99, p < 0.001), respectively. However, no significant 

difference was found between groups 1 and 3, and also groups 2 and 4 regarding their 

healing process. The most intensive angiogenesis and collagen deposition was observed 
in group 3 whereas group 2 had the most inflammation and granulation tissue 

formation. Conclusion: Low level laser therapy might improve and accelerate the 

wound healing process. Although, estrogen levels might not affect wound healing 
independently, but it may augment the efficacy of laser irradiation on wound healing 

process.. 
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INTRODUCTION 

 

The process of wound healing could be categorized in four overlapping phases including hemostasis, 

inflammation, proliferation, and maturation, respectively (Guo, S., L.A. Dipietro,  2010). The first event after 

injury is platelet aggregation and coagulation where the platelets release their  inflammatory mediators attracting 

the neutrophils and monocytes to start the inflammatory phase (Mendonça, R.J., J. Coutinho-Netto, 2009). 

During inflammation, the inflammatory cells produce growth factors to recruit fibroblasts and endothelial cells. 

The recent cells provide extracellular matrix and angiogenesis (Mendonça, R.J., J. Coutinho-Netto, 2009). 

Finally, Epithelialization occures with complete basal membrane formation and depositing proteoglycan and 

collagen which are the characteristics of the maturation phase (Mendonça, R.J., J. Coutinho-Netto, 2009). Any 

factor interferes with each phase of this process may impair wound healing (Menke, N.B., et al., 2007). Non-

healing wounds in the oral cavity could be a major problem for any clinician working in the oral cavity 

particularly for a dental implantologist (Lau, B.Y., et al., 2013). Therefore, several studies have been conducted 

trying to accelerate and improve the wound healing process such as applying Platelet Rich Plasma, 

thermotherapy, phototherapy and also low level laser therapy (LLLT) (Albanese, A., et al., 2013; Khan, A.A., et 

al., 2004; Pinheiro, A.L., et al., 2006; Gal, P., et al., 2006). 
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Delayed wound healing has also been reported in menopaused women signifying the importance of 

estrogen in the healing process (Tiwary, S.K., et al., 2006). However, there are studies that could  not find any 

considerable effect for estrogen in tissue repair (Tanaka, S., et al., Hsieh, Y.D., et al., 19951.  

Recently, the co-effieceincy of treatments such as LLLT with estrogen hormone has not been investigated. 

The aim of this study was to evaluate the effects of estrogen and low power laser irradiation on wound healing 

process in the oral cavity of female wistar rats, histomorphologically. 

 

METHODS AND MATERIALS 

 

The current study was an interventional experiment study of wound healing in animal models. In this study, 

60 female Wistar rats with genetic homogeneity, 12-14 weeks old and weighted around 150 grams were 

collected and kept in cages at a temperature of 22-25°C and humidity of 55% under alternate 12-hour periods of 

light and dark conditions for 7 days to accommodate with the new conditions. Pelleted rat diet (with normal 

nutritional levels) and water were provided ad libitum. 

All experiments were performed according to the guidelines of the US National Institutes of Health 

(publication 85-23, revised 1985) and approved by the ethics Committee of Hamadan Dental Research Center. 

(No. 2122). 

 Then, they were randomized in four groups including: 1- Ovariectomized rats underwent laser irradiation 

(15 rats), 2- Ovariectomized rats without any intervention (15 rats), 3- Sham-operated rats underwent laser 

irradiation (15 rats) and 4- Sham-operated rats without any intervention (15 rats). 

Ovariectomy was performed for 30 rats in group 1 and 2 assessing the possible role of estrogen in the 

process of wound healing. For omitting the bias of surgical stress, group 3 and 4 also underwent a surgical 

procedure similar to ovariectomy but without their ovaries damaged or removed and called sham-operated 

groups.  

After two weeks of the operation, a wound with 5-mm depth was created in the labial unattached mucosa 

underneath their lower central incisors with a number 130 endodontic file (Figure 1: A-B). Then, 24 hours after 

the procedure, group 1 and 3 underwent low-level laser therapy for seven days. A Gallium-arsenide pulsed laser 

(DLT-101, IRAN Beh-gostar Company) irradiation was delivered to the exposed wounds with the wavelength 

of 850-950 nanometers. The average energy density of the laser rays was 4.8 J/cm2 (pulse rate 2000-3000 Hz). 

On the eight day of the study after the intervention, biopsies obtained from all rats for histomorphological 

evaluation (Figure 1: C-D).  

The histomorphology of wound healing was classified as: 1- Good: epithelialization with complete 

basement membrane formation, collagen deposition and low inflammation. 2- Moderate: epithelialization with 

incomplete basement membrane formation, angiogenesis and inflammation. 3- Poor: granulation tissue 

formation with intensive inflammatory cells, without epithelialization (Figure 2) . 

The inflammation with infiltrated inflammatory cells including neutrophils, lymphocytes, macrophages 

were also categorized as low, moderate and high. Also, collagen deposition and angiogenesis were classified as 

low, moderate and high.  

Two pathologists who were not aware of the groups of the study performed the double blind pathologic 

assessment.  

The data were analyzed using statistical package for the social sciences (SPSS) version 13.0. Kruskal-wallis 

and chi square (X2) statistic tests were used to investigate the effects of LLLT and estrogen on wound healing of 

the four groups. The significance level was considered less than 0.05 with confidence interval of 95%. 

 

Results: 

According to the results of Kruskal-wallis test, wound healing process was different among four groups (  

= 34.22 , p < 0.001).  The process of wound healing in group 1 was significantly improved and accelerated 

comparing group 2 (  = 16.98 , p < 0.001). Additionally, a significant difference between the wound healing 

process of group 3 and 4 was observed (  = 18.99, p < 0.001). However, no significant difference was found 

between the wound healing process of groups 1 and 3, and groups 2 and 4. (Figure3) 

 Fibroblast infiltration was significantly different within four groups (  = 35.9, p < 0.001) and the most 

fibroblast infiltration was observed in group 3.  

Additionally, a significant difference in amounts of collagen fibers was found within four groups (  = 

39.6, p < 0.001) and the most collagen fibers was demonstrated in group 3.  

Also, a significant difference in angiogenesis was found within four groups (  = 19.02, p < 0.001) and the 

most intensive angiogenesis was observed in group 3.  

There was also a significant difference in inflammation and granulation tissue within four groups (  = 

25.5, p < 0.001) and the most inflammation and granulation tissue was observed in group 2. The least 

inflammation was found in group 3. 
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No significant difference in neutrophil infiltration was observed within four groups (  = 6.8, p = 0.06). 

However, a significant difference in lymphocyte infiltration was observed within four groups (  = 18.8, p < 

0.001) and the most lymphocyte infiltration was observed in group 2. Additionally, a significant difference in 

macrophage infiltration was observed within four groups (  = 12.1, p = 0.007) and the most macrophage 

infiltration was found in group 2. Moreover, a significant difference in macrophage infiltration between groups 

1 and 3 (p = 0.001) and also groups 2 and 4 was observed (p = 0.001).  

 

Discussion: 

Owing to this fact that histomorphologically evaluation of the wound healing in human beings is not 

ethical, the current study was conducted on rat models with wound healing process similar to human tissue. The 

ovariectomized rat model was considered for evaluating postmenopausal wound healing. 

Recently, the studies have been focused on the effect of estrogen or laser irradiation on wound healing, 

separately (Gal, P., et al., 2006; Tiwary, S.K., et al., 2006). However, the co-efficiency of estrogen and laser 

irradiation on wound healing is not well understood. There is still controversy in possible effects of laser 

irradiation on wound healing (Hall, G., et al., 1994; Lucas, C., et al., 20021). Several studies have been 

demonstrated that laser irradiation could diminish the inflammatory phase and accelerate the proliferation and 

maturation phases of the wound healing (Kubota, J., 2004). Also, the efficacy of laser irradiation in healing the 

chronic wounds has been implied (Medrado, A.R., et al., 2003). However, two studies in 1994 and 2002 could 

not find any significant effects for applying laser irradiation on the wound healing process (Hall, G., et al., 1994; 

Lucas, C., et al., 20021). In the  study, the effect of LLLT on improvement of accelerating wound healing by 

increasing fibroblasts, collagen synthesis, and angiogenesis and reducing the inflammation, has been 

demonstrated.  

 

 

 
 

 
 

Fig. 1: A & B: Making  a 5-mm deep wound in the labial unattached mucosa underneath lower central incisors 

with a number 130 Endodonthic file.. C: Low Level Laser irradiation therapy. D: The tissue sample for 

pathology assessment. 
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Fig. 2: A: poor wound healing with intensive inflammation and without epithelial formation. B: Moderate 

wound healing; epithelium regeneration. C: maturation phase of the wound healing with thick 

epithelium. 
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Fig. 3: The amount of wound healing in four groups: 1- Ovariectomized rats underwent laser irradiation, 2- 

Ovariectomized rats without any intervention, 3- Sham-operated rats underwent laser irradiation and 4- 

Sham-operated rats without any intervention. 

 

The possible role of estrogen in wound healing is controversial (Tiwary, S.K., et al., 2006; Tanaka, S., et 

al., 2001). Tanaka et al. demonstrated that ovariectomy could not influence on bone tissue repair of rat alveoli 

and concluded that low levels of estrogen would have influences on bone loss but not bone generation (Tanaka, 

S., et al., 2001). However, another study in 1999 demonstrated that using topical estrogen on the wounds would 

accelerate the healing process by reducing the inflammation (Tiwary, S.K., et al., 2006).  

Regarding soft tissue repair, the best results were observed in the Sham-operated rats underwent laser 

irradiation, and then ovariectomized rats who had received LLLT. The worst results were for the ovariectomized 

rats who had not received LLLT. Additionally, lymphocytes infiltration and granulation tissue formation were 

significantly increased assessing the histological slides prepared from the wounds of the ovariectomized rats. 

 

Conclusion: 

LLLT may accelerate wound healing by reducing inflammation and inducing angiogenesis, increasing 

fibroblasts and collagen synthesis as a consequence. Moreover, although estrogen levels might not affect wound 

healing independently, but it may augment the efficacy of laser irradiation on wound healing process.  
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