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Abstract 

Bisphosphonate is a drug given to both men and women who are experiencing 

decreasing bone density and strength. When patients taking bisphosphonate undergo 

some sort of jaw trauma (i.e. tooth extraction, accident), they can experience necrosis or 

cell death of the jawbone. Our hypothesis is that bisphosphonate molecules bound to the 

bone matrix contribute to bone necrosis. For my thesis, a histological analysis of the 

mandibles from bisphosphonate treated rats after dental extraction with and without 

removal of bisphosphonates from the extraction site of the bone was done. Histological 

sections of the jaw from bisphosphonate treated rats after bilateral extraction of the first 

and second molar teeth were taken. On one side, the extraction site was treated with 

EDTA to chelate bisphosphonates from the bony wall of the tooth socket. The other side 

of the rat’s jaw was treated with Saline. I then evaluated the vitality of alveolar bone by 

counting the number of dead versus live osteocytes around the extraction site and 

comparing the ratios between the chelated and un-chelated sides from each rat.  The 

study determined whether removal of localized bisphosphonates is beneficial to preserve 

bone vitality after dental extraction. As expected, the percentage of live osteocytes 

decreased in the alveolar bone of animals treated with Zoledronate (ZA), a strong dose of 

bisphosphonate. Furthermore, there was a trend of increased percentage of live cells 

when EDTA was used, although the differences were not statistically significant. These 

results support other studies in our laboratory that have shown that localized 

bisphosphonates play a role in the osteonecrosis associated with ZA treatment. It, 

therefore, provides evidence that localized bisphosphonates contribute to the etiology of 

bone necrosis in patients undergoing bisphosphonate treatment. 
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Introduction and Literature Review 

Bisphosphonates (BP) are one of the most common drugs given to patients in the 

United States. They are used to treat a wide array of bone wasting conditions, 

including but not limited to Paget’s disease, osteoporosis, hypercalcemia of 

malignancy, and to reduce fractures. Bisphosphonates were first used on human 

patients in the 1960’s and studies showed that they improved quality of life [1]. In 

the 1990’s it became evident that the body was not able to fully metabolize the 

bisphosphonates, which meant that the drug was staying in the body for long 

periods of time, sometimes years. Studies began showing the long-term effects, and 

in 2003, a letter to the editor of The Journal of Oral and Maxillofacial Surgery 

revealed 36 cases of patients who were receiving BP treatment who had developed 

bone exposure and necrosis in the jaw [1]. Further studies have revealed that this 

necrosis depends on the potency and duration of BP treatment [2]. Bisphosphonate 

Related Osteonecrosis of the Jaw (BRONJ) is characterized by symptoms including 

“changes in the health of periodontal tissues, non-healing mucosal ulcers, loose 

teeth and unexplained soft-tissue infection”, followed by necrosis that fails to heal 

[3]. 

Chemistry of Bisphosphonates 

 Bisphosphonates are a stable derivative of inorganic pyrophosphate (PPi). 

PPi is found in humans, released as a by-product of synthetic reactions. Synthetic 

reactions are any reactions in which something is being made or put together. Since 

these types of reactions are extremely common in the body, PPi is readily found in 

tissues, including blood and urine [4]. When PPi binds to a complex charged ion 
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with phosphorus and calcium called hydroxyapatite, PPi has been found to act as a 

natural inhibitor to calcification, which is the accumulation of calcium salts in 

tissues. However, PPi is unstable because of its tendency to rapidly hydrolyze its 

backbone of P-O-P [5]. In order to find a stable form of PPi, Bisphosphonates were 

designed. The central oxygen atom of PPi was replaced with a carbon, which is not 

only known for its role in stability, but would also provide four binding sites instead 

of the two that oxygen had. The backbone for BP is P-C-P. The two extra binding 

sites are used to attach two additional parts. The two additional atoms attached 

determine the potency and how readily the BP can bind to calcium [5]. BPs are thus 

able to “inhibit calcification and inhibit hydroxyapatite breakdown, thereby 

effectively suppressing bone resorption” [4]. It has also been suggested that BPs 

limit osteoblast and osteocyte apoptosis [6]. Apoptosis is programmed cell death. 

These factors have led to bisphosphonates being used as a treatment method. There 

are six types of BPs being used clinically. The most potent alterations of BPs are 

Zoledronate (or Zoledronic Acid) and Risedronate (fig. 1). Zoledronate and 

Risedronate are administered as an injection directly into the blood. Note that the 

more potent BPs contain a nitrogen atom within a heterocyclic ring. Compared to 

early non-nitrogen containing bisphosphonates, the presence of a nitrogen or amino 

group increases the potency by 10 to 10,000 [4]. 
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Figure 1: Bisphosphonate structures and approximate relative potencies for 

osteoclast inhibition [4]. 

 

Ninety-nine percent of the body’s calcium content can be found within the bone, and 

like their predecessor, BP’s have a high affinity for bone over any other tissue. For 

this reason, BP has a high deposition into bone. BPs that are taken orally result in 

only about 50% of the absorbed drug being retained in the skeleton, likely because 

they are poorly absorbed from the gastrointestinal tract, at about a <1% rate [4]. 

Bisphosphonates have a short half-life in circulation, and any BP not bound is 

expelled through fecal matter. However, the BPs held in the bone can last up to 10 

years depending on the rate of resorption [1]. 
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Bone Remodeling and Bisphosphonates 

 Bone remodeling is the process in which mature bone tissue is removed from 

the skeleton (known as bone resorption) and then replaced with new bone tissue 

(known as ossification or bone formation). In a child, the rate of ossification exceeds 

that of resorption, allowing growth. In young adults, there is a balance between 

these two events, preserving bone strength. After the age of menopause in women 

and around 65 years in men, bone resorption begins to outweigh bone formation, 

causing a decrease in bone strength. This causes the bone to be more fragile and 

susceptible to fracture. This imbalance between resorption and formation can also 

occur in individuals experiencing some sort of bone disease- such as Paget’s or 

osteoporosis.  

 Cells known as osteoclasts break down (resorb) bone. Osteoclasts are 

derived from marrow-derived monocytes, which are a class of blood cells made in 

the bone marrow. Osteoclasts have an important role since when they break down 

bone they are also freeing minerals and other content stored in the bone matrix to 

be used throughout the body. A primary role of bisphosphonates is to stop the 

resorption by interfering with osteoclast activity, causing them to undergo 

apoptosis [1]. 

 Cells that build bone are known as osteoblasts. Osteoblasts are specialized 

mesenchymal cells that secrete a collagen matrix called osteoid that becomes bone. 

Some studies have found that bisphosphonates may stimulate proliferation of 

osteoblasts, thus allowing more bone to be secreted [7].  
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Therapeutic Applications 

Bisphosphonates are one of the most common drugs given to patients in the US 

to limit the bone loss that occurs as a result of increased osteoclast bone resorption 

in several disorders. They are efficient in managing and improving quality of life for 

these patients, and are generally well tolerated [8]. The World Health Organization 

Fracture risk assessment algorithm is currently being used to identify which 

patients will most likely benefit from the use of BPs [8].  

a. Paget’s Disease 

Paget’s disease of bone (also called osteitis deformans) is an uncommon 

disorder in which individuals experience rapid isolated bone repair. It occurs more 

commonly in males than in females, and about 3% of Anglo-Saxon people over 40 

are diagnosed [9]. Paget’s can cause bones to rebuild and be enlarged, or to rebuild 

and be soft and weak. It can cause problems such as bending of bones, breaking or 

fracture of bones, arthritis, deafness, and pinched nerves. Bisphosphonates are the 

most common treatment for the disorder. They help to reduce pain and help the 

body to stimulate an increase in the normal bone-building process. A single dose of 

Zoledronate, the most potent BP, is the treatment of choice in patients without other 

problems [10].  Oral bisphosphonates such as Alendronate and Risedronate may 

also be prescribed instead of injectable medications [11].  

 

b. Osteoporosis 

Osteoporosis is a skeletal disorder in which the bones become increasingly fragile 

and have reduced density. The bones become weak and more susceptible to 
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fracture, specifically the hip and vertebrae. Osteoporosis affects both men and 

women, however it is more prevalent in post-menopausal women.  

c. Malignancy of Bone 

A lot of cancers are osteotropic, meaning they are attracted to or target the bone. In 

fact, 90% of patients with advanced cancer develop skeletal lesions [4]. These 

cancers either metastasize to the skeleton or they grow within the bone marrow. 

The growth of these malignancies in the bone can lead to severe bone pain, 

hypercalcemia (high levels of calcium in the blood, released from the bone), 

fractures, and weak bones [4]. Bisphosphonates are the standard therapy to reduce 

cancer-induced bone problems, including hypercalcemia [12]. 

 

Side Effects of Bisphosphonates 

Bisphosphonates have several side effects that should be considered before given to 

a patient. Approximately 40% of patients that are treated with intravenous 

bisphosphonates (which typically are the stronger dose BPs), manifest a response of 

a flu-like syndrome, where the patient experiences fever, fatigue, myalgia, and bone 

pain [13].  In about 10% of cases, an increase in serum creatinine is found, which 

shows that the kidneys are not functioning properly [13]. Bisphosphonate related 

osteonecrosis of the jaw (BRONJ) is possibly one of the gravest side effects 

consequent to bisphosphonates. BRONJ is characterized by a lesion of exposed bone 

in the mandible or maxilla that persists for <8 weeks and can be accompanied by 

swelling, pain, and loose teeth [13]. 
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Mechanism of BRONJ 

While the mechanism behind BRONJ remains unclear, literature suggests 

several possibilities. The most widely-accepted theory is that BPs bind to 

osteoclasts and interfere with bone remodeling [14]. Specifically, it is believed 

that they interfere with the cholesterol biosynthesis pathway in osteoclasts. 

This pathway is part of the body’s way of creating steroids, bile salts, and 

vitamin D. Since BP’s are believed to interfere with this pathway, they cause less 

Vitamin D to be produced. In a study done in 2016, it was found that patients on 

BP’s had a significantly lower level of vitamin D- which might cause not only 

and impairment in bone remodeling, but a failure to control osteoclastogenesis 

(formation of osteoclasts) [14]. Since bone resorption is impaired, when jaw 

trauma occurs, such as a tooth extraction or other invasive procedure, 

osteoclast activity is inhibited, which prevents the bone from healing correctly. 

It was found that these conditions might be a risk factor for BRONJ.       

 

BRONJ Management 

Although BRONJ is a devastating disease, there has not yet been a cure or 

effective treatment found for it. According the American Association of Oral and 

Maxillofacial Surgeons staging system (fig. 2), the most common treatment for 

BRONJ is simply management of the manifestations, especially pain and 

infection. Preliminary evidence has shown improvement in healing when 

treated with parathyroid hormone. [15] 
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Figure 2: American Association of Oral and Maxillofacial Surgeons staging 

system [16]. 

Animal Model 

The prolonged use of bisphosphonates has led to an increasing rate of BRONJ, 

leading to a need for a reliable animal model to study the disease. Several animal 

models have been developed to develop and study the condition effectively. The 

development of a lesion after bisphosphonate treatment is an important need in 

making a good model, and it has been found that surgical manipulation, generally by 

tooth extraction, is necessary to develop this clinical lesion [17].  The selection of 

the animal model must take into consideration the dosage and the duration of the 

experiment. In this study, we hypothesized that in treatment using zoledrenic acid 
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and surgery to extract the molars, the alveolar bone would show impaired 

osteoclast activity and lack of healing. 

Materials and Methods 

Animals and Medication 

This study involved 10 rats treated with IV Zoledronate at 80μg/kg once every week 

for 12 weeks. The rats were injected in the tails with the Zoledronate (Selleckchem, 

100 mg vial). All of the injections were carried out under isoflurane anesthesia. The 

animals were kept two or three per cage with free access to water and rat-chow. The 

experimental procedures were reviewed and approved by the Institutional Animal 

Care and Use Committee (IACUC) at Augusta University (Protocol #2012-0496; 

Date: 10/25/2012). 

Surgical Procedure 

At the end of the 12-week course, each animal underwent bilateral surgical 

extraction of the first and second molar teeth. Immediately after extraction, one side 

of the jaw was treated with 17% EDTA by soaking it in cotton ball and then applying 

to the extraction site by local chelation for 10 minutes. The other side of the jaw was 

treated with Saline. Then the animals were left to heal for 5 weeks. After healing for 

5 weeks, photographs were taken of the intraoral area. The animals were then 

sacrificed and their jaws were extracted. 

How Slides Were Prepared 

Jaw samples were demineralized then embedded in paraffin. They were sectioned at 

5µm thickness for microscopic evaluation.  

How Data was Gathered 
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Once the slides were prepared, they were placed under the Zeiss axiovision 

microscope. The right and left sides of the jaw were looked at separately. The 

extractions sites were located and photomicrographs were captured at 2.5x, 10x, 

and 20x. The live and dead cells were hand counted and the numbers were logged in 

excel.  

Statistical Analysis 

Values were represented as mean±SD and plotted using GraphPad Prism 5 software 

for Windows (v. 5, GraphPad Software, San Diego California USA). All measurements 

were done blindly and the data were decoded and arranged per group for statistical 

analysis. A simple paired T-test with significance defined as p < 0.05 was used to 

compare groups, unless otherwise stated. 

Results 

Clinical Importance 

Photographs of the intraoral sides of the jaw were taken after healing for 5 weeks. 

These photographs showed a dramatic difference between the EDTA treated side 

(Figure 3A) and the Saline treated side (Figure 3B).  

 

 

 

 

 

 

                     Figure 3(A): Saline treated side of jaw.                      Figure 3(B): EDTA treated side of jaw. 
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From these photographs we are able to see that the EDTA caused substantial healing 

in the jaw after extraction. Once the animals were sacrificed and their jaws were 

viewed under the microscope, the histology showed the same evidence of healing. 

The EDTA treated extraction sites (Figure 4A) had less dead cells and more live cells 

than the Saline treated sites (Figure 4B).  

 

 

 

 

 

Figure 4(A): EDTA Treated extraction site- Red arrow: live cell  

 

 

 

 

 

 Figure 4(B): Saline treated extraction site- Green arrow: dead cell 

While there is no statistical significance, we are still able to note that EDTA made a 

dramatic impact on the healing of the jaw after extraction. This is shown by the fact 

that we compared healing from EDTA and Saline in the two sides of the jaw of one 

animal. One side of the animal’s mouth healed, and the other did not. Once data was 

gathered from counting dead vs. live cells, it was inserted into Excel. The 

comparisons were used to make a graph showing the difference between the two 

sides of the jaw (Figure 5).  
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Figure 5: Graph showing the difference between live and dead cells in EDTA 

vs. Saline 

 

Discussion 

The purpose of this experiment was to test the effects of localized EDTA on the jaw 

of a bisphosphonate treated animal. We hypothesized that the EDTA would chelate 

to the bisphosphonate within the jaw area, and thus the area where the 

bisphosphonate was removed would be able to heal correctly. There were not any 

previous studies on the effect of chelating BPs out of the jaw using EDTA as a form of 

osteonecrosis treatment, with this study being the first to prove that EDTA causes a 

reduction in BP content in the alveolar bone in live animals. The chelating method is 

a very well known and useful treatment in lead poisoning cases [18]. In lead 

poisoning cases, the EDTA will bind with lead, creating a stable chelate preventing it 

from showing its normal chemical and physical activity. That chelate can be 

excreted through urine. There have also been studies on the effects on dentin when 

the mouth is irrigated with EDTA, and the results of these show that EDTA 
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decreases dentin hardness [19]. EDTA is often used in dental clinics to irrigate after 

root canals, in which it shows antimicrobial properties [20]. The combination of 

these studies led us to test the effects of EDTA irrigation immediately after tooth 

extraction in order to chelate the BP out of the jaw and prevent osteonecrosis. The 

results of the chelation experiment supported our hypothesis.  Sites treated with 

EDTA showed a trend of improved mucosal healing, compared to the untreated 

sides. Results from other ongoing studies in the lab supported these findings both 

in-vivo and in-vitro. Collectively, these studies provide strong evidence that matrix-

bound bisphosphonate molecules, and not only circulating ones, play a role in the 

pathogenesis of BRONJ. Chelation can, therefore, be a promising prevention strategy 

of BRONJ in humans. 

Although BRONJ does have the capability to occur spontaneously, most reported 

cases have been associated with surgical procedures like tooth extraction [21].  The 

ability to precisely control the circumstances of the extraction as a trigger allowed 

alterations to be made to determine the effects of EDTA on the extraction site.  

 

Conclusion 

 Removal of localized (matrix-bound) Zoledronate from the bone surface was 

sufficient to improve socket healing and reduce bone necrosis in animals treated 

with long-term Zoledronate. This finding, in addition to others from our ongoing 

studies, provided evidence that locally deposited bisphosphonate molecules, which 

remain for a long time after stopping systemic treatment, are not biologically inert; 

instead, they contribute to the induction of BRONJ. This line of research introduces a 
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new strategy for preventing BRONJ in patients on long-term bisphosphonate 

treatment who require invasive dental procedures, such as dental extraction. 

Furthermore, further studies are underway to explore the cellular mechanisms of 

BRONJ induction by matrix-bound bisphosphonates in the alveolar bone. Clinical 

studies may be needed to further test this effect in humans.  
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