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Strontium ranelate promotes increased peri-implant bone formation in ovariectomized 

rats 

Ranelato de Estrôncio promove aumento na formação óssea peri-implantar em ratas 

ovariectomizadas 

El ranelato de estroncio promueve el aumento de la formación ósea periimplantaria en 

ratas ovariectomizadas 
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Abstract 

This study aimed to evaluate the systemic effect of strontium ranelate (SR) on peri-implant 

bone tissue. Thirty-six adult rats were divided into three experimental groups: sham (SHAM), 

ovariectomized (OVX) and ovariectomized rats treated with strontium ranelate (OVX-Sr). 

Strontium ranelate (625mg/kg) was administered by oral gavage on a daily basis. The 

implants were installed on the tibiae. The euthanasia occurred 42 and 60 days after the 

implants were installed, and the biomechanical (reverse torque); PCR-RT; histological; 

immunohistochemical; confocal microscopy and histometric analysis were performed. 

Quantitative data was subjected to statistical tests with significance level set at p<0.05. 

Significant increase in implant reverse torque in OVX-Sr was observed when compared to 

OVX. PCR analysis showed an increase in the genetic expression of the proteins responsible 

for bone formation in OVX-SR. In the histological analysis, SHAM and OVX-Sr showed a 

higher degree of maturation of peri-implant bone tissue. Ran-Sr presented higher 

immunolabeling for ALP and OPN proteins when compared to OVX. In the confocal 

microscopy, OVX-Sr there was good bone neoformation showed by incorporation of Alizarin 

red fluorochrome. The histometric analysis, bone implant contact (BIC) and neoformed bone 

area (NBA) presented statistically difference among all groups, and the Ran-Sr presented the 

highest BIC. Thus, strontium ranelate improves osseointegration and quality of neoformed 

bone tissue around implants in estrogen deficient rats. 

Keywords: Osteoporosis; Strontium; Osseointegration; Bone. 
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Resumo 

Este estudo objetiva avaliar o efeito sistémico do ranelato de estrôncio (SR) no tecido ósseo 

peri-implantar. Trinta e seis ratas adultas foram divididas em três grupos experimentais: 

SHAM (SHAM), ovariectomizadas (OVX) e ovariectomizadas tratadas com ranelato de 

estrôncio (OVX-Sr). O ranelato de estrôncio (625mg/kg) era administrado por gavagem oral 

diariamente. Os implantes foram instalados na tíbia. A eutanásia ocorreu 42 e 60 dias após a 

instalação dos implantes, e a biomecânica (torque reverso); PCR-RT; histológica; 

imunoistoquímica; microscopia confocal e análise histométrica foram realizadas. Os dados 

quantitativos foram submetidos a testes estatísticos com nível de significância fixado em 

p<0,05. Foi observado um aumento significativo do torque reverso do implante em OVX-Sr 

quando comparado com OVX. A análise por PCR mostrou um aumento na expressão genética 

das proteínas responsáveis pela formação óssea em OVX-SR. Na análise histológica, SHAM 

e OVX-Sr mostraram um maior grau de maturação do tecido ósseo peri-implantar. OVX-Sr 

apresentou uma maior imunomarcação para as proteínas ALP e OPN quando comparadas com 

as OVX. Na microscopia confocal, OVX-Sr houve boa neoformação óssea mostrada pela 

incorporação de fluorocromo vermelho de Alizarina. A análise histométrica, o contacto do 

implante ósseo (BIC) e a área óssea neoformada (NBA) apresentaram diferenças estatísticas 

entre todos os grupos, e o Ran-Sr apresentou o BIC mais elevado. Assim, o ranelato de 

estrôncio melhora a osseointegração e a qualidade do tecido ósseo neoformado em torno de 

implantes em ratos deficientes em estrogénio. 

Palavras-chave: Osteoporose; Estrôncio; Osseointegração; Osso. 

 

Resumen 

Este estudio tiene como objetivo evaluar el efecto sistémico del ranelato de estroncio (SR) en 

el tejido óseo periimplantario. Treinta y seis ratas adultas fueron divididas en tres grupos 

experimentales: SHAM (SHAM), ovariectomizadas (OVX) y ovariectomizadas tratadas con 

ranelato de estroncio (OVX-Sr). El ranelato de estroncio (625mg/kg) se administró por vía 

oral diariamente. Los implantes se instalaron en la tibia. La eutanasia se produjo 42 y 60 días 

después de la instalación del implante, y se realizaron análisis biomecánicos (torsión inversa); 

PCR-RT; histológicos; inmunohistoquímicos; microscopía confocal e histométricos. Los 

datos cuantitativos se sometieron a pruebas estadísticas con un nivel de significación 

establecido en p<0,05. Se observó un aumento significativo del torque inverso del implante en 

OVX-Sr en comparación con OVX. El análisis por PCR mostró un aumento en la expresión 

genética de las proteínas responsables de la formación de huesos en OVX-SR. En el análisis 
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histológico, SHAM y OVX-Sr mostraron un mayor grado de maduración del tejido óseo 

periimplantario. OVX-Sr mostró una marca de inmunidad más alta para las proteínas ALP y 

OPN en comparación con OVX. En la microscopía confocal, OVX-Sr hubo una buena 

neoformación ósea mostrada por la incorporación del fluorocromo rojo de Alizarin. El análisis 

histórico, el contacto con el implante óseo (BIC) y el área ósea neoformada (NBA) mostraron 

diferencias estadísticas entre todos los grupos, y Ran-Sr mostró el BIC más alto. Así, el 

ranelato de estroncio mejora la osteointegración y la calidad del tejido óseo neoformado 

alrededor de los implantes en ratas con deficiencia de estrógeno. 

Palabras clave: Osteoporosis; Estroncio; Oseointegración; Hueso. 

 

1. Introduction 

 

Osteoporosis is the principal systemic skeletal disease characterized by decreased bone 

density and a deterioration in bone quality (Compston et al. 2019; Cosman et al. 2014), can be 

classified primarily as juvenile, postmenopausal, and senile osteoporosis and secondarily is 

related to several diseases, such as endocrine, hematological, rheumatic, gastrointestinal, or 

from medications such as glucocorticoids (Tarantino et al. 2017). This disease mainly affects 

as postmenopausal women, is estimated to affect 200 million women worldwide 

approximately (International Osteoporosis Foundation), in addition, fractures resulting from 

osteoporosis are a major cause of morbidity and mortality in the elderly (Compston et al. 

2019). 

 Many elderly patients are looking for a rehabilitative treatment with dental implants 

and they may be taking or have taken any osteoporosis drug.  There are several medications 

for treating osteoporosis. Among them, we have the antiresorptives such as bisphosphonates, 

denosumab and selective estrogen receptor modulators (SERMs), the proformative agent 

teriparatide and the antiresorptive/ proformative compound strontium ranelate (Tarantino et 

al. 2017). 

 Strontium ranelate is composed of two atoms of stable strontium and an organic 

portion of ranelic acid. This drug acts by the activation of the calcium-sensitive receptor and 

leads to OPG increase as well as RANKL decrease (Hamdy, 2009; Hurtel-Lemaire et al, 

2009), showing a double action mechanism, stimulating bone neoformation and suppressing 

bone resorption (Pilmane et al. 2017; Bonnelye et al. 2008). Besides the good action in bone 

tissue (Grynpas at al. 1990), with reduction on vertebral and non-vertebral fracture in post-

menopausal women (Meunier et al. 2004; Reginster et al. 2005), RE is strongly related to skin 
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adverse effects (Confavreux et al. 2012) and cardiovascular changes as well as myocardium 

heart attack. Therefore, RE indication is restricted to patients with severe osteoporosis when 

other available treatments are not enough to fight to this disease (Reginster et al 2015). It is 

also contraindicated in ischemical diseases in heart, periferical arterial disease (EMA). 

 Often ovariectomized female rats are used to simulate postmenopausal women, 

because of estrogen deficiency caused by ovariectomy and consequently decreased bone 

quality (Beattie JR et al. 2019). Similarly, Implant placement in tibial metaphysis is widely 

used to assess osseointegration (Glösel et al 2010; Yogui et al 2018; Palin et al 2018; 

Ramalho-Ferreira et al 2015). Thus, the aim of this study was to evaluate the systemic effect 

of strontium ranelate (SR) on peri-implant bone tissue, having as null hypothesis that 

strontium ranelate treatment does not influence osseointegration. 

 

2. Metodology 

 

2.1 Animals 

 

 Rats was used as animal model for osteopenia and implants installed in rat tibias is a 

widely used model for evaluating osseointegration (Faverani et al. 2018; Lii et al. 2012). This 

research was approved by the Ethics Committee on the Use of Animals of Dental School of 

the Univ. Estadual Paulista - UNESP (CEUA - Protocol Nº. 2015-00616). Thirty-six female 

Wistar rats (Rattus novergicus albinus), 6 months old, and 300g body weight were used. The 

animals were divided randomly into three experimental groups: control rats (SHAM), 

estrogen deficient rats (OVX) and estrogen deficient rats and medicated with strontium 

ranelate (OVX-SR). The animals were fed with rations for laboratory animals (Presence, 

Neovia nutrition and animal health LTDA, Paulínea, SP, Brazil) and water ad libitum, in a 

room maintained at 20°C with a 12‐hr/12‐hr light/dark cycle. All measures were taken to 

minimize the number of animals used and to avoid suffering. Experimental manipulation 

procedures were performed according to the norms established by the ARRIVE Guidelines 

(Kilkenny et al. 2010). 

 

2.2 Osteopenia induction and drug treatment 

 

 The 36 rats were anesthetized with 50mg/kg intramuscular ketamine hydrochloride 

10% (Dopalen, Ceva Animal Health Ltda, Paulínea, SP, Brazil) and 5mg/kg of xylazine 

hydrochloride 2% (Anasedan, Ceva Animal Health Ltda, Paulínea, SP, Brazil), and then 
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performed incisions on both flanks, with ovarian exposure and surgical removal. The suture 

was made by planes with absorbable suture thread (Poligalactin 910, Vycril 4.0, Ethicon 

Endo-surgery, São Paulo, SP, Brazil). For the SHAM, 12 rats were submitted only to the 

ovaries exposition, without their removal, with the intention of subjecting the rats to the same 

surgical stress, as the ovariectomized ones. 

 After 30 days of ovariectomy, was started the treatment with strontium ranelate 

(Protos, Servier laboratory, Gidy, França) in Ran-Sr rats. The drug was administered by 

gavage using a gavage needle for rats at the daily dose of 625mg/kg/day (Bain et al. 2009; 

Maimoun et al. 2010; Zacchetti et al. 2014), dissolved in aqueous solution, until the end of the 

experiment. 

 

2.3 Implant placement 

 

 30 days after the beginning of the drug treatment, the animals were submitted to 

implant surgery. The rats were anesthetized, with intramuscular ketamine and xylazine 

hydrochloride and received 0.3ml/kg of mepivacaine hydrochloride with epinephrine 

(Mepiadre 100, DFL industry and trade, Rio de Janeiro, RJ, Brazil) for local anesthesia and 

hemostasis. 

 After sedating the animals, the tricotomy was performed in the medial portion of the 

right and left tibia and antisepsis of the region was performed with Polyvinyl Pyrrolidone 

Degermant Iodine (Riodeine Degermante, Rioquímica, São José do Rio Preto, SP, Brazil).  

An incision of approximately 1.5cm long was made in the left and right tibial metaphysis 

region using a blade number 15 (Adventive, Basemed Surgical, São Paulo, SP, Brasil), and 

the soft tissue was divulsed with the aid of periosteal detachers, exposing the bone to receive 

the implants. Implants of commercially pure titanium (grade IV) with a surface treated by 

double acid attack (nitric, hydrofluoric and sulfuric acids), with a diameter of 1.5mm and 

height of 3.5mm (Neodent, JJGC dental materials industry and trade S.A., Curitiba, PR, 

Brazil) were installed in each tibial of the rats. The tissues were sutured in planes using 

absorbable yarn (Poligalactin 910, Vycril 4.0, Ethicon, Brazil). In the immediate 

postoperative period, each animal received a single intramuscular dose of 0.2ml Penicillin G-

benzathine (Zoetis, Fort Dodge Health Animal, Campinas, SP, Brazil). 
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2.4 Application of fluorochromes 

 

 For the analysis of confocal microscopy, were injected the fluorochromes in 6 animals 

of each group intramuscularly at the dosage of 20mg/kg. The application of injection of 

calcein fluorochrome (Sigma Aldrich Brazil Ltda, São Paulo, SP, Brazil) was at 14 days after 

the implant installation and Alizarin red fluorochrome (Sigma Aldrich Brazil Ltda, São Paulo, 

SP, Brazil) at 42 days (Faverani et al. 2018; Ramalho-Ferreira et al. 2017). 

 

2.5 Euthanasia and obtaining samples 

 

 The animals were anesthetized with a lethal dose of sodium thiopental 1g (Thiopentax, 

Cristália Chemicals and Pharmaceuticals Ltda, Itapira, SP, Brazil). Euthanasia of 18 animals 

(n=6/group) was performed 42 days after implant installation. One of the tibiae was submitted 

to the biomechanical test (N= 6 tibiae/group) and the remnant bone was collected and stored 

in liquid nitrogen for real-time PCR analysis, the other tibia of the animal was removed and 

fixed in buffered 10% formalin solution (Analytical Reagents, Hospital Dynamics, Brazil) for 

the immunohistochemical analyzes. The other 18 animals were sacrificed after 60 days of 

implant placement, the tibiae were removed and fixed for 48 hours, bathed in running water 

for 24 hours and stored in alcohol 70 for analysis by computerized microtomography and by 

confocal microscopy. 

 

2.6 Biomechanical test 

 

 A digital implant wrench (Conexão, Prosthesis Systems, Brazil) was adapted to the 

implant and a digital torque meter (Instrutherm, Brazil) was adapted over it. A counter-

clockwise movement was applied by increasing the reverse rotation torque to the implant 

within the bone tissue until withdraw from the bone (Ramalho-Ferreira et al. 2015). The 

torque meter then recorded the peak torque in Newton centimeters (N.cm). 

 

2.7 Molecular analysis (PCR) 

 

 Total RNA of the remnant bone was extracted with Trizol reagent (Promega 

Corporation, Madison, WI, USA) and converted into cDNA (Life kit; Life Technologies, 

Invitrogen, Carlsbad, CA, USA). Real-time PCR was performed with the StepOnePlus 
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(Applied Biosystems, Waltham, MA USA) using SYBR Green (Applied Biosystems). Beta-

actin and beta-2 microglobulin (Life Biotechnologies, Invitrogen, Carlsbad, CA, USA) were 

used for normalization of OPG (osteoprotegerin), RANKL (receptor activator of nuclear 

factor-kappaB ligant), OCN (osteocalcin) and ALP (alkaline phosphatase) expression using 

the delta CT method. Primer sequences have been reported recently. Data represent 

quadruplicates. (Yogui et al. 2018) 

 

2.8 Morphometric Analysis 

 

 The samples were fixed for 48 hours and bathed in running water for 24 hours. 

Subsequently, decalcification of the tibiae in EDTA (10%) was carried out for five weeks, 

followed by dehydration with a sequence of alcohols, then diaphanization with xylene and 

included in paraffin. From the parts in paraffin, slices of 6μm thick were obtained and 

mounted on microscope slides.  

After the processing of the slides with hematoxylin and eosin (HE), the images were captured 

by camera (Leica DFC 300 FX, Leica microsystem, Switzerland) attached to a light 

microscope (Leica Aristoplan Microsystem-Leitz, Germany), in 12.5x and 40x objective. 

 

2.9 Immunolabeling Analysis 

 

 The immunohistochemical procedure started by deparaffinization and rehydration of 

slices. Endogenous peroxidase activity was inhibited with hydrogen peroxide and, the slides 

underwent antigenic recovery with phosphate citrate buffer (pH 6.0) in moist heat. 

Endogenous biotin was blocked with skimmed milk. As a method of blocking non-specific 

immunolabeling, the primary antibody was prepared in phosphate buffer and bovine albumin 

solution. 

The primary polyclonal antibodies produced in goats were RUNX2 (Runt-related 

transcription factor 2) (Santa Cruz Biotechnology, Dallas, Texas, EUA - SC8566), OPN 

(Osteopontin) (SC10593), OCN (Osteocalcin) (SC18319) and ALP (Alkaline Phosphatase) 

(SC23430). The secondary antibody used for the biotinylated ant goat antibody, produced in 

rabbits (Pierce Biotechnology). The reaction signal was amplified by incubation in avidin and 

biotin (ABC standard kit, Vector Laboratories) and the reaction was developed using 

Diaminobenzidine (Dako laboratories). The counterstaining with Harris hematoxylin was 
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performed. The slide images were obtained by optical microscope (Nikon, Eclipse 80i, 

Shinagawa, Tokyo, Japan), 25x objective. 

 The expression of these proteins was evaluated by qualitative ordinal analysis by 

assigning different scores according to the number of cells and area of extracellular matrix 

immunolabeling. The analyzer was submitted to the Kappa test, with above 0.8 index 

obtained, showing that the observed scores were consistent (Manrique et al 2015; Palin et al 

2018; Pedrosa et al 2009). The scores used were 1 (light labeling), 2 (moderate labeling) and 

3 (intense labeling). 

 

2.9.1 Microtomographic analysis – Micro-CT 

 

 For the micro-CT analysis, the samples were scanned by the SkyScan microtograph 

(SkyScan 1272 Bruker MicroCT, Aatselaar, Belgium, 2003) using 6μm slices (90Kv and 

111μA), with Al 0.5 + Cu 0.038 filters and a rotation step of 0.5mm, which were scanned in 

360 degrees, at acquisition time of approximately 1 hour and 32 minutes. The obtained 

images were processed by the software NRecon (SkyScan, 2011; Version 1.6.6.0) that made 

the reconstruction 2D from the tomographic cuts using Smoothing 1, Ring Artifact Correction 

8 and Beam Hardening Correction 24%. In the Data Viewer software (SkyScan, Version 1.4.4 

64-bit) the reconstructed images were adequate in standard positioning for all the samples, 

being able to be observed in three planes (transversal, longitudinal and sagittal). Then, the 

software CTAnalyser - CTAn (2003-11SkyScan, 2012 Bruker MicroCT Version 1.12.4.0) 

was used, evaluate the region between the 3rd and 5th implants in 100 slices that were 

counted from their most central portion (Glosel et al., 2010). From the location of the 

cancellous bone structure, the software performed the morphometric calculation applied to the 

ROI through the parameters of bone volume percentage (BV/TV), trabecular thickness 

(Tb.Th), trabecular number (Tb.N) and trabecular separation (Tb.Sp) (Bouxsein et al., 2010). 

 

2.10 Confocal Microscopy 

 

 For confocal microscopy analysis, the biopsies went through the dehydration step from 

the increasing sequence of alcohols. The samples were immersed in a mixture of absolute 

alcohol and Techno Vit® light-curing resin (Germany, Heraeus Kulzer GmbH Division 

Technik Philipp-Reis-Str. 8/13 D-61273 Wehrheim) in different concentrations, until the use 

of resin only. The samples were included in the Technovit resin and photopolymerized. The 
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cuts were performed in the mesio-distal plane using the Exakt cutting system (Exakt Cutting 

System, Apparatebau, Gmbh, Hamburg, Germany) until obtaining a section of 80μm thick, 

mounted on slides and stabilized with mineral oil. Longitudinal sections of the bone–implant 

interface corresponding to the third -fourth implant thread was captured using a Leica CTR 

4000 CS SPE camera (Leica Microsystems, Heidelberg, Germany) in 10x objective. The 

confocal microscopy images were reconstructed, generating photomicrographs of peri-implant 

bone incorporated by calcein and Alizarin red fluorochromes separately (old and new bone). 

The images were transported to the image J program (ImageJ® 2.1.4.7.i1, Ontario, ON, 

Canada), and from this, the area of precipitation of the fluorochromes in the bone thread was 

calculated (Dempster et al. 2012), the bone turnover was evaluated by the mineral apposition 

rate and also the histometric analysis of the linear extension of bone and implant contact 

(BIC) and the neoformed bone area (NBA) in the third to fifth implant thread region was 

performed according Faverani et al. 2018 and Ramalho-Ferreira et al. 2015. 

 

2.11 Statistical Analysis 

 

 The data were tabulated and the statistics were performed in the Sigma Plot 12.0 

program. Oneway Anova test was performed for comparisons between groups. The normality 

test was the Shapiro-Wilk test and when necessary for comparison between groups, the Tukey 

test was used. The level of significance was 5% (P<0.05). 

 

3. Results 

 

3.1 Biomechanical Analysis 

 

In biomechanical analysis, the lowest reverse torque value was in the OVX. The group 

treated with strontium ranelate had the highest value when compared to OVX (11.25, ±1.71 

N.cm versus 4.67, ±1.15 N.cm, P<0.001), such as SHAM (11.25 N.cm versus 7.67, ±0.57 

N.cm, P=0.022) (Graphic 1). 
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Graphic 1 - Biomechanical test. 42 days after implant surgery. SD: Mean with SEM. 

 

Source: Authors. 

 

 

 

3.2 Molecular Analysis (PCR) 

 

 Relative gene expression for ALP, the enzyme that induces phosphate precipitation 

over bone matrix, was significantly higher in OVX-SR compared to the other groups 

(P<0.0001). 

 For non-collagen protein OCN, which signals bone mineralization, presented higher 

values of relative gene expression in OVX-SR compared to SHAM and OVX groups 

(P<0.0001). 

 Regarding OPG and RANKL proteins, the OVX-SR group presented the highest 

expression for OPG and the lowest expression for RANKL among the studied groups 

(Graphic 2). 
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Graphic 2 - Relative gene expression for ALP, OCN, OPG and RANKL. 42 days after 

implant surgery.  

 

Source: Authors. 

 

3.3 Morphometric Analysis 

 

 Histological analysis shows that the peri-implant repair in the SHAM showed a greater 

degree of corticalization in the osseointegration area in all corresponding spaces around the 

implants, with formation of mature bone tissue. In the OVX, there was formation of new bone 

with corticalization only in the first implants thread, and in the more superficial portions. In 

the medullary portion, small area of bone formation was observed in contrast to the large 

amount of adipose tissue observed in this region. In the OVX-Sr, an improvement in the 

maturation of peri-implant bone tissue was observed with histological images very close to 

those of the SHAM. 
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Figure 1 - Histological slides of the peri-implant bone in the SHAM (a, d), OVX (b, e) and 

OVX-Sr (c, f) groups. Evaluation period is 42 days after implant installation. HE staining. 

Original magnification 12.5x (a-c) and 40x (d-f). 

 

Source: Authors. 

 

3.4 Immunolabeling Analysis 

 

 Immunolabels were evaluated in the region of bone tissue formed next to the implants, 

to characterize the different cell stages of the osteoblastic lineage, was observed the presence 

of the RUNX2, positive in pre-osteoblasts and osteoblasts. The ALP labeling the activity of 

alkaline phosphate precipitation on the organic matrix of type I collagen. OPN, positive for 

cells of the osteoblastic lineage and shows the calcium precipitation activity on the organic 

matrix based on type I collagen, and OCN, labels mature osteoblasts at the end of the 

mineralization phase of calcium on the organic matrix of collagen. 

 RUNX2 was positively showed in all experimental groups. SHAM and OVX-Sr 

groups showed moderate labeling. OVX presented an intense labeling, however it occurred in 

the non-mineralized tissue. 

 Intense labeling for ALP was observed in the SHAM. In the OVX, a light labeling was 

observed. After treatment with Ran-Sr, moderate staining was observed for ALP in 

osteoblasts present in the bone tissue. 

 In SHAM and OVX-Sr, moderate labeling for OPN was showed, especially for 

endosteal cells. In the OVX, discrete labeling was observed in connective tissue. 

 In the SHAM, the OCN showed moderate labeling in osteocytes in the bone tissue 

formed around to the implants. In OVX, light labeling was observed for OCN in cells similar 
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to osteoblasts without mineralization characteristics. The OVX-Sr presented bone tissue 

around the implant with a light labeling for OCN in the osteocytes of this region. 

 

Figure 2 - Immunolabeling of RUNX2, ALP, OPN and OCN proteins for the SHAM, OVX 

and OVX-SR groups. Original magnification 20x; Red Arrows = immunolabeling. 

 

Source: Authors. 

 

3.5 Microtomographic analysis 

 

 There were no significant differences between groups for the parameters evaluated in 

microtomography (Graphic 3). 
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Graphic 3 - Microtomographic analysis of BV/TV, Tb.Th, Tb.N and Tb.Sp. 60 days after 

implant surgery. SD: Mean with SEM. 

 

Source: Authors. 

 

3.6 Confocal microscopy 

 

Bone Dynamics 

 

 In the intra-group evaluation of the fluorochromes area, the highest bone turnover in 

bone thread was evident in the OVX-SR group, represented by the higher precipitation of 

flourochromes, mainly due to the greater presence of Alizarina in relation to calcein 

(P=0.009). In the intergroup evaluation, the OVX-SR group showed higher calcein 

precipitation than SHAM and OVX (P<0.001), as well as alizarin precipitation (P<0.05) 

(Graphic 4).  
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Graphic 4 - Calcein and Alizarin red Fluorochromes area. 60 days after implant surgery 

Calcein injected at 14 days (old bone) and Alizarin red at 42 days after implant placement 

(new bone). SD: Mean with SEM. 

 

Source: Authors. 

 

Mineral apposition rate 

 

 Regarding the rate of mineral apposition per day of bone around the implant, the 

highest values were in OVX-SR (2.54 µm/day, P<0.05), followed by SHAM (0.75 µm/day) 

and OVX (0.45 µm/day) (Graphic 5). 
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Graphic 5 - Mineral apposition rate per day. 60 days after implant surgery. SD: Mean with 

SEM. 

 

Source: Authors. 

 

Histometric analysis – BIC and NBA 

 

 In the BIC, the OVX-Sr showed the largest contact area between the newly formed 

bone tissue and the implant surface (337.12μm), successive to the SHAM (245.6μm), and the 

OVX had the lowest linear extent of bone/implant contact (134.07μm). All groups had a 

statistical difference when compared (p<0.05). In the results obtained by the histometric 

analysis for NBA, the SHAM had the largest neoformed bone area (8188.19μm²), followed by 

the Ran-Sr (7099.41μm²), the OVX had the lowest values of newly formed bone area 

(1281.41μm²), as seen in the images of the peri-implant bone by confocal microscopy. There 

were statistical differences between all groups (p<0.05) (Graphic 6). 
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Graphic 6 - Biomechanical test. 42 days after implant surgery. SD: Mean with SEM. 

 

Source: Authors. 

 

4. Discussion 

 

SR is a bone anabolic drug, with pro-forming and anti-resorptive effects (Bonnelye et 

al. 2008; Marie et al. 2001).  In this study, the set of results shows that systemic strontium 

ranelate was effective in improving several parameters related to osseointegration and 

evaluation of peri-implant bone tissue.  

From a biomechanical point of view, the counter-torque showed that SR improves the 

biomechanical characteristics of the reparative bone tissue. These data are corroborated by 

analyses of static and dynamic fluorochromic histometry. In this last analysis, the mineral 

aposition rate data confirm the anabolic effect of SR, where an important daily mineral 

aposition rate was observed. 

These findings are corroborated by PCR and immunohistochemistry analyses. The 

evaluated genes show that mineral precipitation is increased with SR treatment, showing 

significant increase for both ALP and OC. Regarding the responses of resorption and bone 

formation, the genes for OPG and RANKL show antagonistic behaviour, OPG, a marker of 

bone formation, was shown to be increased in the RE group and in compensation, RANKL, a 

marker of resorption was shown to be significantly decreased in this same group. 

Immunolabels related to bone formation and extracellular matrix proteins showed similar 

behavior for the SHAM and OVX-Sr groups, which once again shows the favorable responses 

to bone metabolism observed for this medication. 
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At the cellular/tissue level, it is known the mechanism of action of SR in osteoblasts, 

with the induced proliferation of preosteoblasts, increases the activity of osteoblasts leads to a 

greater expression of proteins related to the bone matrix (Bonnelye et al. 2008), these data 

were also observed in this study by increasing the expression of markers such as alkaline 

phosphatase and osteocalcin. In a study in patients with osteoporosis treated with SR (Marie 

PJ, 2005) an increase in serum levels of alkaline phosphatase was observed from the third 

month of treatment, and was maintained after 3 years of treatment.  

On the other hand, strontium inhibits osteoclastic activity by the OPG/RANKL system 

mediated by osteoblasts with increased secretion of osteoprotegerin (OPG) and reduced 

expression of the nuclear factor receptor kappa-B ligand (RANKL) (Brennan el al. 2009; 

Cianferotti et al. 2013), results also found in this study in the analysis of 

immunohistochemistry of the periimplant bone and mainly by rt- PCR analysis. 

In the analyses of bone dynamics and rate of mineral apposition rate the SR group was 

the one that presented more expressive values compared to the other groups, this can be 

explained because of the structural similarity of strontium with calcium, and in the same way, 

it is incorporated in the crystalline network of bone tissue (Blake and Fogelman, 2006; 

Meunier et al. 2004), besides the greater availability of this element in the bloodstream of the 

medicated animals. This fact can be explained because of the structural similarity of strontium 

with calcium, and in the same way, it is incorporated into the crystalline network of bone 

tissue (Blake and Fogelman, 2006; Meunier et al. 2004), in addition to the greater availability 

of this element in the bloodstream of medicated animals. 

As for the three-dimensional evaluation, no significant changes were observed 

between these three groups, regarding parameters related to bone volume and characteristics 

of bone trabeculation. However, taking into consideration all the results, the favorable 

responses obtained by the SR are evident. 

Strontium ranelate has restricted use in some countries due to reports of increased incidence 

of venous thromboembolism, myocardial infarction (Stevenson et al. 2007; European 

Medicines Agency) and cardiac risk with its use (Abrahamsen et al. 2014; Cooper et al. 

2014). However, Yu et al. 2015, shows that one-half of patients with osteoporosis treated with 

strontium ranelate had cardiovascular risk factors prior to initiation of treatment. Martìn-

Merino et al. 2018, shows that osteoporotic patients treated with different drugs in Spain and 

the United Kingdom, they report that there is no data to support an increased risk of venous 

thromboembolism associated with strontium ranelate compared to other drugs. 
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The findings of this study corroborate the systematic review study in animals that 

evaluated the relationship of SR with osseointegration (Scardueli et al. 2018) and certainly SR 

has a potent anabolic effect on bone tissue, which leads to increased 

osseointegration/stabilization of implants. However, this drug is being used only for cases of 

severe osteoporosis (Reginster et al. 2015) (being withdrawn from the market) due to its 

cardiovascular adverse effects in patients who have used SR (Confavreux et al. 2012; 

Reginster et al. 2015). 

Despite the promising results, it is important to evaluate how much the positive 

response on bone metabolism persists over time, and most important, to evaluate possible 

adverse responses that may occur as a result of the use of this medication.  

 

5. Final Considerations 

 

Even with the limitations of this study, it can be concluded that SR presents an 

important anabolic effect on periimplant bone tissue in rats with estrogen deficiency, 

promoting improvement in bone repair after the installation of implants. However, further 

studies are needed to define the real mechanisms of action of this compound on 

cardiovascular tissue and also to investigate whether these side effects are also observed in 

biomaterials containing strontium used as bone substitutes. 
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