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Abstract 

The objective of this study was to evaluate the daily maxillary and tibial bone mineral apposition rate of 

ovariectomized rats and orchiectomized rats through confocal laser microscopy. Twenty-four animals were divided 

into 4 groups (SHAMF, OVX, SHAMM and ORQ). Six rats were distributed to the SHAMF group (submitted to 

fictitious surgery); six rats to the OVX group (submitted to bilateral ovariectomy); six rats to the SHAMM group 

(submitted to fictitious surgery) and six rats to the ORQ group (submitted to bilateral orchiectomy). On the 60th day 

after the surgical procedures the animals received 20 mg/kg of calcein and after 24 days 20 mg/kg of alizarin red was 

administered. The euthanasia was performed 18 days after the last fluorochrome administration. The histological 

slides obtained were submitted to confocal microscopy analysis and then dynamic histomorphometry was performed 

to obtain the daily mineral apposition rate (MAR). In the tibias, the values of MAR were higher for the SHAMF group 

(P<0.05) (mean: 37.1μm² / day) compared to the ORQ group (mean: 7.16 μm²). In the jaws, the values were higher for 

the SHAMF group (P<0.05) (mean: 5.175μm² / day) compared to the SHAMM group (mean: 1.84 μm²), OVX (mean: 

3.027 μm²) and ORQ group (mean: 1.56 μm²). It can be concluded that the female gender, regarding the 

characteristics of the maxillary and tibial bones, presented a daily mineral bone apposition rate higher than the male 

gender, mainly in the maxillary bone, presenting a statistically significant difference between all groups studied. 

Keywords: Osteoporosis; Sex characteristics; Microscopy. 

 

Resumo 

O objetivo desse estudo foi avaliar a taxa de aposição mineral óssea diária maxilar e tibial de ratas ovariectomizadas e 

ratos orquiectomizados através da microscopia confocal a laser. Vinte e quatro animais foram divididos em 4 grupos 

(SHAMF, OVX, SHAMM e ORQ). Sendo distribuídos 6 ratas para o grupo SHAMF (submetidas à cirurgia fictícia); 

6 ratas para o grupo OVX (submetidas à ovariectomia bilateral); 6 ratos para o grupo SHAMM (submetidos à cirurgia 

fictícia) e 6 ratos para o grupo ORQ (submetidos à orquiectomia bilateral). No 60º dia após os procedimentos 

cirúrgicos, os animais receberam 20 mg/kg de calceína e após 24 dias, foi administrado 20 mg/kg de vermelho de 

alizarina. A eutanásia foi realizada após 18 dias da administração do último fluorocromo. As lâminas histológicas 
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obtidas foram submetidas à análise de microscopia confocal e posteriormente realizado a histomorfometria dinâmica 

para obtenção da taxa de aposição mineral diária (MAR). Nas tíbias, os valores de MAR foram maiores para o grupo 

SHAMF (P<0,05) (media: 37,1μm² / dia) em comparação ao grupo ORQ (media: 7,16 μm²). Nas maxilas, os valores 

foram maiores para o grupo SHAMF (P<0,05) (media: 5,175μm² / dia) em comparação aos grupos SHAMM (media: 

1,84 μm²), OVX (media: 3,027 μm²) e ORQ (media: 1,56 μm²). Conclui-se que o gênero feminino, com relação as 

características do osso maxilar e tibial, apresentou uma taxa de aposição óssea mineral diária superior ao gênero 

masculino, principalmente no osso maxilar, apresentando diferença estatisticamente significante entre todos os grupos 

estudados. 

Palavras-chave: Osteoporose; Caracteres sexuais; Microscopia. 

 

Resumen 

El objetivo de este estudio fue evaluar la tasa de aposición mineral ósea maxilar y tibial diaria de ratas 

ovariectomizadas y ratones orquiectomizados usando microscopía láser confocal. Veinticuatro animales fueron 

divididos en 4 grupos (SHAMF, OVX, SHAMM y ORQ). Se distribuyeron seis ratas al grupo SHAMF (cirugía 

ficticia); seis ratas al grupo OVX (sometido a una ovariectomía bilateral); seis ratones al grupo SHAMM (cirugía 

ficticia) y seis ratones al grupo ORQ (sometido a una orquiectomía bilateral). Al 60º día después de los 

procedimientos quirúrgicos, los animales recibieron 20 mg/kg de calceína y al cabo de 24 días, se administraron 20 

mg/kg alizarina. La eutanasia se realizó 18 días después de la última administración de flúor. Los portaobjetos 

histológicos obtenidos se sometieron a análisis de microscopía confocal y posteriormente se realizó una 

histomorfometría dinámica para obtener la tasa de aposición mineral diaria (MAR). En la tibia, los valores de MAR 

fueron más altos para el grupo SHAMF (P<0,05) (media: 37,1μm²/día) en comparación con ORQ (media: 7,16 μm²). 

En las mandíbulas, los valores fueron más altos para el grupo SHAMF (P<0,05) (media: 5,175μm²/día) en 

comparación con el grupo SHAMM (media: 1,84 μm²), OVX (media: 3,027 μm²) y el grupo ORQ (media: 1,56 μm²). 

Se puede concluir que el género femenino, en lo que respecta a las características de los huesos maxilar y tibial, 

mostró una tasa de aposición mineral ósea diaria superior a la del género masculino, especialmente en el hueso 

maxilar, mostrando una diferencia estadísticamente entre todos los grupos estudiados. 

Palabras clave: Osteoporosis; Caracteres sexuales; Microscopia. 

 

1. Introduction  

Osteoporosis is a multifactorial systemic disease characterized by reduction of bone mass and modification of the 

microarchitecture of bone tissue, occurring in both sexes (Stevenson et al., 2005; Akbaba et al., 2013). The main cause of 

osteoporosis in women is increased bone resorption (Ramalho-Ferreira et al., 2015). However, in males, it is caused by reduced 

bone formation (Farahmand et al., 2016). A lower bone density manifests itself when the resorption excels the neoformation, 

compromising the bone/implant interface (Drage et al., 2007), characterizing the osteoporosis condition, observed mainly in 

women in the post menopause phase (Drake & Khosla, 2012). However, it is also reported in men, with higher incidence from 

the sixth decade of life (Drake & Khosla, 2012; Giusti & Bianchi, 2014). 

In women, one of the main characteristics of osteoporosis is the drop in estrogen production, which leads to an 

increase in cytokine release that induces osteoclastogenesis, thus increasing the rate of bone remodeling, characterized by an 

exacerbated bone resorption overlapping bone formation, which results in a total imbalance of bone microarchitecture, where 

bone is highly porous and fragile (Aubin & Bonnelye, 2000; NIH, 2001). Bone turnover is accelerated during osteoporosis, 

resulting in bone resorption without compensation for new bone tissue formation, which would be a contraindication for large 

bone reconstructions or dental implants, since a quality bone tissue is essential for oral rehabilitation with favorable prognosis 

(Stevenson et al., 2005; Manolagas & Jilka, 1995; Luvizuto et al., 2010).  

Among the causes of osteopenia in males, besides advanced age, hypogonadism can also be directly related, resulting 

in a high rate of remodeling and acceleration in bone loss (Mittan et al., 2002; Kaufman et al., 2014). Testosterone 

aromatization in oestradiol plays an important role in the regulation of bone homeostasis in men, limiting age-related bone loss 

(Riggs et al., 2002; Van Pottelbergh et al., 2003; Gennari et al., 2004; Vanderschueren et al., 2004). Other factors described in 

the literature are: vitamin D deficiency, decrease in calcium absorption, poor diet or even senility (Kaufman & Goemaere, 

2008; Kaufman et al., 2014).  
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In consequence, several drugs have been developed and have been studied for osteoporosis treatment (Seeman, 2003; 

Häuselmann, H. J., & Rizzoli, 2003). Most of the anti-osteoporotic therapies involve anti resorption drugs, such as estrogen 

substitution, selective modulator of estrogen receptors (SERMS) and biphosphonates. The action of these drugs produces a 

reduction in bone turnover and consequent inhibition of bone resorption (Marie et al., 1993; Marie, 2006). These effects are 

beneficial for bone tissue, however the long-term use of bisphosphonates has been related to the development of osteonecrosis 

related to the mandible (Ruggiero et al., 2014; Marx et al., 2007). 

Therefore, the proposal of this study was to evaluate the daily maxillary and tibial bone mineral apposition rate of 

ovariectomized rats and orchiectomized rats by fluorochromes analysis through epifluorescence histometry. 

 

2. Methodology  

2.1 Experimental groups 

This study was approved by the Ethics Committee for the Use of Animals (00706-2015) and (00685-2015) of the 

School of Dentistry of Araçatuba, Universidade Estadual Paulista (UNESP) following the recommendations of Arrive 

Guidelines (Kilkenny et al., 2012). A total of 24 rats were used, being 12 adult females and 12 adult males (Rattus Norvegicus 

Albinus, Wistar), three months old, weighing approximately 250g. The animals were kept in cages, air-conditioned 

environment, fed with balanced dry feed (NUVILAB, Curitiba PR, Brazil) and water ad libitum until euthanasia. 

The animals were divided into four groups (n = 6) according to gender, SHAMF, OVX, SHAMM and ORQ. In the 

SHAMF GROUP six rats were submitted to a fictitious surgery, which is a surgical procedure with the purpose of exposing the 

ovaries, so that the rats were exposed to the same surgical stress of the ovariectomized group.  In the OVX GROUP six rats 

were submitted to bilateral ovariectomy. Before ovariectomy the rats were submitted to estrous cycle analysis for more than 

three regular cycles. At SHAMM GROUP six rats were submitted to fictitious surgery, only with exposure of the testicles 

without removal of them, to share the same surgical stress of the orchiectomized group.  At ORQ GROUP six rats were 

submitted to bilateral orchiectomy. In the chronological sequence, day 0 refers to the day of ovariectomy in females, 

orchiectomy in males and fictitious surgeries.  On the 60th day after the surgeries, 20 mg/kg (Ramalho-Ferreira et al., 2017) of 

calcein (Sigma Chemical Company, St. Louis, Missouri) was administered intramuscularly and after 24 days 20 mg/kg 

(Pedrosa et al., 2009) of alizarin red (Sigma Chemical Company) was administered. The fluorochromes were diluted to 1.5 mL 

in deionized water with a magnetic stirrer (Max Labor, Presidente Prudente, SP). The animals were euthanized through a lethal 

dose of anesthetic (150 mg/kg; Tiopental Cristália Ltda.; Itapira, SP, Brazil) 18 days after the application of the alizarin red. 

The chronological sequence of the events is illustrated in Figure 1. 

 

Figure 1 - Experimental study design. 

 

Source: Authors. 

 

2.2 Estrous cycle 

To ensure that the rats used in the experiments are in the normal estrous cycle, they were placed in individual cages 

and daily 1-2 drops of saline solution were introduced into the interior of the vagina, which were then aspirated and placed on a 
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histological slide for immediate microscopic reading of the technique (Long & Evans, 1922) for recognition of the phases of 

the estrous cycle (Annibali et al., 2012; Alghamdi et al., 2014). The rats were used after obtaining 2 to 3 regular estrous cycles. 

 

2.3 Bilateral ovariectomy 

The rats were anesthetized with Xylazine Hydrochloride (Xylazine - Coopers, Brazil, Ltda.) and Ketamine 

Hydrochloride (Injectable Ketamine Hydrochloride, Fort Dodge, Saúde Animal Ltda. ) and then were immobilized on a 

surgical board in lateral decubitus position, an incision of 1 cm was made in the flanks, divulsion by planes of subcutaneous 

tissue and then the peritoneum in order to have access to the abdominal cavity. Next, the ovaries and uterine horns were 

located which were lacquered with Polyglactin 910 4-0 thread (Vicryltm - Jhonson & Jhonson, New Brunswick, NJ, USA). 

After this, the ovaries were removed. Finished, the suturing was done by planes with Polyglactin 910 4-0 thread (Vicryltm - 

Jhonson & Johnson, New Brunswick, NJ, USA). The surgical steps of ovariectomy were according to the technique described 

by Sayed et al., 2013.  The SHAMF group rats underwent the same procedure, but only surgical exposure of the uterine horns 

and ovaries without their respective lacquering and removal was performed. 

 

2.4 Bilateral orchiectomy 

All rats were initially anesthetized with Coopazine (Xilazine-Coopers, Brazil, Ltda) and Vetaset (ketamine 

hydrochloride, injectable, Fort Dodge, Saúde Animal, Ltda) with the dosages recommended by the manufacturer. After the 

anesthesia was performed the antisepsis with Polyvinyl Pyrrolidone iodide (Chemical and Pharmaceutical Industry Rioquímica 

Ltda, Brazil).  

In the ORQ group the incisions were made in both scrotal sacs, with the testicles being exposed. With the hemostatic 

forceps the spermatic funicle was presented, with simultaneous individualization, lacquering and sectioning of the ductus 

deferens and vascular pedicle. The testicles were removed, and surgical wounds were sutured with 910 4-0 polyglactin thread 

(Ethicon, Johnson & Johnson, São José dos Campos, SP, Brazil). This procedure was validated by Seifi et al., 2015 after 

confirmation of endogenous testosterone decrease by the Elisa test. The rats of the SHAMM group underwent the same 

procedure, but it was only performed to the surgical exposure of the testicles without their removal, in order to submit the 

animals of this group to the same surgical stress of the ORQ group (Al-Shahat et al., 2011). As postoperative, penicillin 

benzathine G for veterinary use was administered in a single intramuscular dose (0.2 ml / kg, Fort Dodge Animal Health Ltd., 

Campinas, São Paulo, Brazil).   

 

2.5 Collection of materials 

After 18 days of applying the alizarin red, the rats were euthanasiated. After euthanasia, the tibias and hemimaxillas 

on the right side were removed and prepared for laser confocal microscopy analysis. 

 

2.6 Laboratory processing of confocal laser microscopy 

The pieces obtained were fixed in 10% paraformaldehyde solution. After 48 hours, the specimens were washed in 

running water for 24 hours; dehydrated in increasing concentrations of alcohols; soaked and infiltrated in a solution of acetone 

and slow methyl methacrylate (PMMAL) (Clássico, Artigos Odontológicos Clássico, São Paulo, SP, Brazil) in a proportion of 

1:1. In the sequence, they received 3 baths of PMMAL, being that in the last bath it was added the 1% benzoyl peroxide 

catalyst (Riedel - De Haën AG, Seelze - Hannover, Germany). The last bath (PMMAL and catalyst) was performed with the 

parts placed in glass flasks with caps which were kept at a temperature of 37 ° C, for 5 days until the resin is polymerized. 

After polymerization the blocks containing the specimens were initially reduced with a "Maxcut" drill mounted on a Kota 
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bench motor (Strong 210, São Paulo, SP, Brazil), parallel to the long axis of the hemimaxyl and tibia (sagittal plane). 

Progressive manual wear in automatic polishing (ECOMET 250PRO/AUTOMET 250, Buehler, Lake Bluff, IL, USA) with 

120, 300, 400, 600, 800 and 1200 grain sandpapers (Carbimet 2, Buehler, Lake Bluff, IL, USA), under fluorescent light, up to 

150 μm thickness measured by digital pachymeter (Mitutoyo, Pompeia, SP, Brazil), continued. The cuts obtained were 

mounted on histological blades with mineral oil (Petrolato líquido, Mantecor, Taquara, RJ, Brazil) and fixed with laminules 

and enamel to prevent the oil from spoiling, preventing the cut from drying out. 

 

2.7 Scanning by confocal laser microscopy 

The methodology used for the confocal analysis followed the parameters described by (de Oliveira Puttini et al., 2019 

and Ramalho-Ferrreira et al., 2015). The longitudinal sections of the tibia and maxillary bone adjacent to the apical third of the 

upper central incisor were obtained using the Leica CTR 4000 CS SPE microscope (Leica Microsystems, Heidelberg, 

Germany), using a 10 X objective (original magnification 100). The hemimaxillary area was chosen considering the bone 

tissue adjacent to the right upper incisor as reference. Therefore, the tooth was taken as a reference, and then the area of bone 

tissue around this tooth was evaluated in each sample. In the tibia, the area was chosen taking as reference the tibial 

metaphysis. Images of 1 mm in height and width were obtained corresponding to the dimensions in 512x512 pixels of optical 

sections. The images were scanned with 2 µm slices per slice for 2.5 minutes. Thus, for the total scanning of each slide at 56 

µm, 28 cuts were obtained. The barrier filters used were BP 530/30 nm and LP 590 nm combined with the activation of DD 

488/568 and for each of the fluorochromes the photomultiplier was 534 for calcein and 357 for alizarin. The images started 

from the beginning of fluorescence, thus representing, in our methodological approach, the beginning of calcification or bone 

formation (calcium precipitation in the organic matrix of collagen). The images obtained by the confocal microscope were 

reconstructed and thus the tibial and maxillary bone presented the overlapping of the two fluorochromes (calcein and alizarin). 

These images were saved in TIFF format and transported to ImageJ software (Image Processing and Analysis Software, 

Ontario, ON, Canada). This program uses a quantitative method (Pereira et al., 2018),  to determine the amount of new and old 

bone that has been formed, so through the "color threshold" tool, each image corresponding to the experimental groups 

(SHAMF, OVX, SHAMM and ORQ) was standardized according to the hue, saturation and brightness, for evidence of the 

analyzed fluorochromes. First, the green color was evidenced (calcein, old bone) and by the tool "measure" the program 

provided the corresponding area in µm2. The same procedure was performed for the red color (alizarin, new bone), obtaining 

the data regarding the dynamics of the alveolar bone tissue. 

 The bone turnover, in this methodological approach, is represented by the difference between old bone (green) and 

new bone (red) that receives the denomination of active mineralization surface. Fluorochromes are chemical compounds that 

have the property of binding to calcium at the time of precipitation in the bone matrix. Therefore, the extent of fluorochrome 

marking represents the amount of calcium precipitation, thus allowing the measurement of the bone formation event. Another 

aspect to be considered is the period in which the fluorochromes were injected; as the first was calcein (green), the bone 

marked (calcium precipitation) with the green fluorochrome represents the old bone. The last fluorochrome injected was 

alizarin; therefore, the marked bone (calcium precipitation) with the red fluorochrome represents the new bone, that is, the 

active surface of mineralization (Dempster et al., 2013). Considering these points, it can be said that the different colors 

represent the different periods of bone formation (Ramalho-Ferreira et al., 2015; Wang et al., 2014; Hassler et al., 2014). The 

dynamics of bone tissue is represented by bone remodeling, observed through calcium precipitation that occurs in bone 

formation represented by red fluorochrome. The higher the prevalence of red fluorescence, the greater the active surface of 

mineralization, while green fluorescence represents the previous (old) bone (Figure 2). 
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Figure 2 - Photomicrographs obtained using confocal microscopy. (a) Bone area marked with calcein (green); (b) bone area 

marked with alizarin (red); and (c) overlapping images of both fluorochromes. 

 

Source: Authors. 

 

2.8 Histometric analysis 

To obtain the mineral apposition rate (MAR) of the fluorochrome area, the images were transported to the ImageJ 

software (Software Processing and Image Analysis, Ontario, Canada) for the standardization of each image. Then, the "direct" 

tool was selected and a line was made between the precipitation from the beginning of alizarin (red marking) to the end of the 

precipitation of calcein (green marking). The values were divided by 28, which refers to the period of days between the calcein 

and alizarin injections. These results represent the daily precipitation of calcium, an important parameter that characterizes 

bone dynamics (Dempster et al., 2013). 

 

2.9 Statistical analysis 

For the statistical analysis, the data obtained were submitted to a normality and homoscedasticity test (Shapiro-Wilk 

test, P <0.05) which was used to evaluate the distribution of the samples, which were parametric. After confirmation of their 

normal distribution, the Anova One Way test was followed by Tukey's test for multiple comparisons when necessary. The tests 

were performed using GraphPad Prism version 7.01. For all data, the level of significance was 5% (P <0.05). 

 

3. Results  

3.1 Fluorochromic precipitation 

The administration of fluorochromes established the formation of fluorescent areas by the precipitation of calcium in 

the bone matrix, referring to the calcein injected 60 days after ovariectomy/orchiectomy surgeries and the alizarin injected 88 

days after ovariectomy/orchiectomy surgeries. 

Regarding the experimental design used in this study, the green coloration (calcein) refers to the old bone 

(fluorochrome injected at 60 days) and the red coloration (alizarin) refers to the new bone (fluorochrome injected at 88 days). 

Figures 3 and 4 represent photomicrographs of the fluorochrome areas of the tibia and jaw, they show the precipitation of old 

bone (calcein) and new bone (alizarin). 
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Figure 3 - Photomicrographs of the fluorochrome areas of the tibiae. 

 

Source: Authors. 

 

Figure 4 - Photomicrographs of the fluorochrome areas of the jaws. 

 

Source: Authors. 
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3.2 Daily mineral apposition rate (MAR) in the tibiae 

In the tibias, the values on the daily mineral apposition rate (MAR) were higher for the SHAMF group (P<0.05) 

(average: 37.1μm² / day) compared to the ORQ group (average: 7.16 μm²). Likewise, the values on the daily mineral 

apposition rate (MAR) were higher for the SHAMM group (P<0.05) (mean: 29.38μm² / day) compared to the ORQ group 

(mean: 7.16 μm²). There was no significant difference between the SHAMF (median: 37.1μm² / day) and OVX (median: 

21.28μm²) groups, and between the SHAMM and OVX groups) (Grapich 1). 

 

Graphic 1 - Values on the rate of daily mineral apposition in the tibiae between the experimental groups (SHAMF, SHAMM, 

OVX and ORQ). 

  

Source: Authors. 

 

3.3 Mineral apposition rate (MAR) in the jaws 

In the jaws, the values on the daily mineral apposition rate (MAR) were higher for the SHAMF group (P<0.05) 

(average: 5.175μm² / day) compared to the SHAMM groups (average: 1.84 μm²), OVX (average: 3.027 μm²) and ORQ 

(average: 1.56 μm²). Thus, there was a significant difference in the daily mineral apposition rate between all groups (Grapich 

2). 
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Graphic 2 - Values on the daily mineral apposition rate in the jaws between the experimental groups (SHAMF, SHAMM, 

OVX and ORQ). 

 

Source: Authors. 

 

This work made the comparison between healthy and castrated male and female rats. And it was possible to notice 

through the analyses presented that the male castrated rats showed a greater sensitivity to male hormone loss, thus, they had a 

lower calcium precipitation rate than female rats, both for the SHAMF tibial bone (37.1μm² / day) in relation to the SHAMM 

group (29.38μm² / day) and OVX (21.28μm²) vs. ORQ (7,16μm²) (Grapich 1), and for SHAMF maxillary bone (5,175μm² / 

day) compared to SHAMM (1,84 μm²) and OVX (3,027 μm²) vs. ORQ (1,56 μm²) groups (Grapich 2). 

 

4. Discussion  

In women, during menopause, estrogen deficiency occurs, leading to the development of postmenopausal 

osteoporosis (Oliveira & Guimarães, 2015). This occurs due to the fact that, in low concentrations, estrogen negatively 

modulates bone remodeling, causing an increase in osteoclastic bone resorption. This process is due to the increase in plasma 

concentration of interleukin 1 (IL-1) and tumor necrosis factor (TNF-α) that stimulate the production of interleukin 6 (IL-6) 

and macrophage colony stimulating factor (M-CSF) (McClung et al., 2006; Pacifici et al., 1989). This cascade favors the 

connection between RANKL and RANK, activating osteoclastogenesis and bone resorption (Oliveira & Guimarães, 2015). 

Thus, the experimental animal model OVX (rat submitted to ovariectomy) is already consolidated in the literature as 

an osteopenic inductor by means of estrogen deficiency that is established after ovarian removal (Ramalho-Ferreira et al., 

2015; Giusti & Bianchi, 2014; NIH, 2001; Stevenson et al., 2005; Luvizuto et al., 2010). Therefore, ovariectomy causes an 

estrogen deficiency in rats leading to increased rates of bone resorption and bone formation, with resorption exceeding 

formation. As a result, bone remodeling increases in ovariectomized rats. The loss of bone mass is accompanied by a 

significant increase in bone remodeling, as indicated by improved levels of bone remodeling markers, S-ALP and S-OC 

(Farahmand et al., 2016). 
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In the past, it was thought that male osteoporosis did not exist due to testosterone persisting at functional levels until 

the age of 70. For a long time, osteoporosis was considered a woman's disease, but today it is also being recognized as a 

concern and a public health issue for men (Kaufman et al., 2014). Unlike what happens with postmenopausal women, the 

reduction of bone neoformation is age related in men, combined with poor diet and hormonal levels making anabolic agents a 

logical treatment option for men with osteoporosis (Gennari et al., 2004). A high serum parathyroid hormone (PTH) level and 

bone loss occurs in elderly men due to a drop in calcium absorption in the intestine and high prevalence of vitamin deficiency 

(Mittan et al., 2002; Kaufman et al., 2014). In men, testosterone and estrogen are important for the gain and maintenance of 

bone mass (Kaufman et al., 2014), but the free or bioavailable levels of testosterone and estradiol decrease with age, due to the 

increase in the serum level of sex hormone binding globulin (SHBG) and failure to compensate the 

hypothalamus/hipophysis/testrium axis (Kaufman et al., 2014; Kaufman et al., 2014). The model of orchiectomized animals 

has already been used in the literature to induce the animal to an osteopenic condition (Seifi et al., 2015). 

The results obtained by laser confocal microscopy analysis showed that there is a significant difference between the 

male and female genders, when it comes to osteoporosis, especially regarding the rate of daily mineral bone apposition, which 

was higher in the tibia bones compared to the maxillary bones, since the ossification of the tibia is of the endochondral type 

while the maxilla is intramembranous. 

In addition, ovariectomy and orchiectomy surgeries seem to decrease calcium precipitation, since the OVX and ORQ 

groups, both in the jaws and tibia, showed lower numerical value of the daily mineral apposition rate, characterizing an 

imbalance in bone dynamics. This imbalance is greater for females when compared to males. 

The mineral apposition rate data (fluorescent markers) reveal strong evidence of acceleration of bone formation in 

ovariectomized rats. Unfortunately, the resorption rate cannot be measured directly by morphometry. Therefore, it can be 

inferred that the loss of bone mass indicates a large increase in bone resorption that exceeds the increase occurred in bone 

formation. 

Therefore, and based on the scientific literature that corroborates the results of this study, we must pay attention to the 

fact that the risk of necrosis of the jaws mainly in women due to this difference in the rate of daily mineral bone apposition, 

followed by an exacerbated bone resorption. This characterizes an important clinical problem that should be considered by 

surgeons in relation to large bone reconstructions and implantology. We emphasize the importance of new studies to 

understand the bone dynamics that occur in osteoporosis and the importance of correct drug treatments, thus reducing the rate 

of appearance of osteonecrosis of the jaws. 

 

5. Conclusion  

Through the confocal laser microscopy, it was possible to conclude that the female gender, regarding the 

characteristics of the maxillary and tibial bone, presented a daily mineral apposition rate superior to the male gender, mainly in 

the maxillary bone, presenting a statistically significant difference between all the groups studied. 

Then, after the evaluation in long bones and jaws without any injury, it was observed that there were differences 

between the behavior of bone formation of males in relation to females, so we think it is important in future works to evaluate 

the sexual dimorphism in conditions that have a reparational bone, that is, after the exodontia or installation of implants, it will 

be possible to observe how much bone will be formed after a bone injury, being possible the comparison with this study. 
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