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INTRODUCTION 

STATEMENT OF THE PROBLEM 

In dentistry today, endosseous implants have become a generally favorable 

treatment option for edentulous spaces in the oral cavity because of proven 

biocompatibility, potential for esthetics, and good long term prognosis.(!) However, 

there are risk factors to consider that may affect and impair the osseointegration of an 

implant. A possible risk factor is type 2 diabetes mellitus (T2DM), a metabolic disorder 

characterized by insulin resistance at the target tissue site and progressive destruction of 

the pancreatic beta cells that ultimately results in prolonged periods ofhyperglycemia.(2) 

When the serum glucose levels were persistently high, it was shown to impair bone 

metabolism and thus, has the potential to impair implant osseointegration.(3) 

SIGNIFICANCE 

Over the last decade, the prevalence ofT2DM has increased significantly. In the 

United States alone, 23.6 million adults and children have the disease.(4) Of those 

people, 5.7 million are not aware that they have the disease.(4) In addition, 57 million 

people are considered pre-diabetic.( 4) Today, many patients are seeking treatment to 

replace edentulous spaces with implants and could potentially be prediabetic or have the 
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disease. Therefore, since T2DM has the potential to affect success of implant 

osseointegration, patients with the disease as well as their dentist would benefit from an 

understanding of the effects of the disease and disease therapy on implant success. 



REVIEW OF THE LITERATURE 

INTRODUCTION OF DIABETES MELLITUS 

Diabetes mellitus is a metabolic disorder that is described as an· absolute insulin 

deficiency, progressing insulin insufficiency, or insulin resistance at specific target tissue 

sites that can ultimately result in prolonged periods of hyperglycemia. These prolonged 

periods of hyperglycemia can lead to other major comp!ications such as problems with 

wound healing, periodontitis, retinopathy, neuropathy, nephropathy, and macrovascular 

complications such as coronary artery disease, peripheral artery disease, or stroke.(5) 

Diabetes Mellitus is categorized into two major classifications: type 1 and type 2. 

Type 1 diabetes mellitus (TlDM) refers to the inability of the beta islet cells of the 

pancreas to make and secrete insulin due to their complete destruction usually through an 

autoimmune process. Most people with this form tend to be young and are usually 

diagnosed with the disease before the end of their teenage years.(5) On the other hand, 

T2DM is a progressive disease where initially the receptor tissues become insulin 

resistant. These receptor cells do not recognize insulin and therefore, are not stimulated 

by insulin to take up glucose from the blood. Due to the insulin resistance, the pancreatic 

beta cells will produce more insulin to compensate for the large amount of glucose 

accumulating in the blood; However, over time the beta cells will become overworked 

and eventually become necrotic. Usually, this form of diabetes mellitus is initially 
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diagnosed in adults who are obese or overweight in addition to being genetically 

predisposed for the disease.(5) Overall in both forms, the deficiencies cause increased 

circulating serum glucose concentrations in the blood and decreased glucose 

concentrations within the cells causing eventual damage of structures such as the liver, 

kidneys, and eyes if not treated properly. 

EFFECTS OF DIABETES MELLITUS ON BONE HEALING 

The effects of uncontrolled, fluctuating hyperglycemia over long periods of time 

have shown to cause damage to many different tissues and organs. There have been 

many previous studies to suggest that healing around implants is impaired by the 

continuously high levels of serum glucose. Nevins et al. suggests that high serum 

glucose levels affect bone healing through the Schiff base pathway where glucose 

products irreversibly bind to the Amadori products to produce advanced glycation end 

· products (AGEs). AGEs can accumulate over years on macromolecules such as lipids 

and proteins.(!) These AGEs can then bind to AGE receptors called RAGE (receptor for 

advanced glycation end products) that can cause changes in the extracellular matrix 

components and bone metabolism.(!) Previously, there was a perception that diabetes 

mellitus caused bone loss, but several studies suggest that there is impairment in both 

osteoclastic and osteoblastic functions. ( 6) Moreover, studies suggest the osteoblastic 

function is inhibited slightly more than that of the osteoclasts. In 2008, the work of 

Hasegawa et al. points towards an impairment of osteoblastic activity, suggesting 

impairment of osteoblastic proliferation and differentiation.(2) He et al. found that while 



there was an inhibition of osteoclastogenesis and bone resorption, there was an overall 

greater reduction in bone formation.( 6) 

IMPLANTS PLACED IN TYPE 2 DIABETES MELLITUS PATIENTS 

Although diabetes mellitus has been regarded as a risk factor for implant 

placement, it is not a contraindication. (7) There has been much controversy surrounding 

the placement of implants in diabetic patients. (7) However, little is known about the 

effect of diabetes on implant osseointegration and the pathogenesis of the disease due to 

limited data on the clinical outcomes on the long-term survival of implants in patients. (8) 

However, Shernoff et al. found that in eighty-nine T2DM patients, there was 7.3% failure 

rate at the end of the first year. (9) Farzad et al. found that there was 94.1 % success rate 

in implant placement in type 2 diabetic patients after a year. (10) Survival rates for 

implants in type 2 diabetic patients was found to be as low as 88.8% after one year of 

placement and dropped as low as 85.6% after a year of functional loading. (3) Moy et al. 

has also shown that placing implants in diabetes has a relative risk of2.75. (7) On the 

other hand, Mayer et al. has shown that implants placed in healthy patients were found to 

have a success rate of98.6% over 30 months. (11) These studies suggest that patients 

with T2DM tend to have lower success rates of implant osseointegration than healthy, 

non-diabetic patients since the T2DM exposes the patient to incomplete and delayed bone 

healing around the implant as well as immature and less organized newly formed bone. 

(12) However, a case study documented a 65-year-old woman with a 10-year history of 

T2DM who had a prosthetically unfavorable implant removed. When the implant was 

reviewed histologically, it was found to be completely osseointegrated and stable with an 



80% bone-to-implant contact ratio. (13) Other studies have also suggested that if 

controlled, a diabetic patient should be able to enjoy implant therapy as an option for 

edentulous areas. (12) However, animal studies have shown that T2DM can affect 

osseointegration in uncontrolled diabetic animals and that there needs to be more 

information regarding the pathogenesis of T2DM on implant osseointegration to define 

guidelines for treatment options. 

EFFECTS OF DIABETES MELLITUS TREATMENTS ON OSSEOINTEGRATION 

Although hyperglycemia may negatively affect the osseointegration of implants, 

the control of the glycemic index through medications may restore the osteoclastic and 

osteoblastic functions. McCracken et al. (2006) showed that the response of bone in 

diabetic rats were different than those that were administered insulin and those that were 
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in the non-diabetic control group. (14) In 2003, Siqueria et al. suggested that insulin may 

actually help regulate bone remodeling that occurs during osseointegration of implants in 

type I diabetic rats. (15) In another study by Kwon et al., insulin-fed type I diabetic rats 

were found to have a stabilized bone to implant contact ratio while the hyperglycemic 

diabetic rats showed a decrease. (16) These authors also suggest that insulin stimulates 

osteoblastic matrix synthesis directly and has the potential to aid in bone repair. (16) 

• 
Metformin has also been shown to interfere and prevent the deleterious effects that AGEs 

have on osteoblastic cells, including interactions with RAGE. (17) Therefore, by 

controlling hyperglycemia induced by the disease, metformin, insulin, and other 

medications to treat T2DM may help to regulate the bone remodeling process and allow 

for osseointegration similar to that of normal, non-diabetic rats. 



In today's society, about 95% of the diabetes mellitus is T2DM. According to 

recommendations outlined in the Standards of Medical Care in Diabetes-2008 published 

by the American Diabetes Association, along with diet and exercise, metformin is often 

given to target the insulin resistance in T2DM and pre-diabetics, those with slightly 

higher than normal serum glucose levels that are genetically predisposed for the disease. 

(18) Metformin, or Glucophage, is a biguinide, an oral hypoglycemic agent that has few 

side effects, but is however, not recommended for individuals over 80 years old, taking 

medications for heart failure, and persons with a history of severe kidney and liver 

disease. (19) It may however be given to those that are considered pre-diabetic with a 

history that predisposes them to develop T2DM because it was found to delay the onset 

of the disease in about 40% of subjects in a meta-analysis study. (20) In a study by 

Rosen et al. (2006), metformin was found to control the blood glucose levels up to 110 

days in the Goto-Kakizaki rat, a non-obese T2DM rat model. (21) In our study, we used 

these Goto-Kakizaki rats, a progressive diabetic rat model, to see whether medications 

such as metformin affect the osseointegration of implants. 

T2DM ANIMAL MODEL 

Animal models and treatments are often used in diabetes research to histologically 

observe the disease progression in a controlled setting. These observations can then be 

applied to human research. There are many animal models that are currently used in 

diabetes mellitus research and are chosen depending upon many criteria including 

duration of the study, lab experience, financial obligations, and nature of the 

investigation. In order to study tissue response to the titanium implants in a T2DM 
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environment, this study used the Goto-Kakizaki rat (GK), a strain derived from the 

Wistar-Kyoto rat that spontaneously becomes diabetic in week 14 with some reports as 

early as week 4. (21) Since extreme weight has been shown to be associated with 

increased bone volume, this non-obese rat model is able to characterize bone properties 

without the interference of weight and other factors that have been associated with 

obesity. (22) They have also been noted to eventually develop chronic complications 

such as n\luropathy, nephropathy, and/ or retinopathy in a prolonged disease state. (22) 

These rats undergo a pre-diabetic period similar to humans where a defect in the glucose 

secretion and insulin resistance occur before they progress into an overt diabetic stage. 

(23) These animals exhibit mild hyperglycemia unlike the streptozotocin- induced 

models that tend to have serum glucose levels over 400 mg/ dL when not induced as a 

newborn. (16) GK rats are a genetically spontaneous T2DM model that has allowed for 

us to determine bone quality and quantity and the effects of prolonged high blood glucose 

levels on osseointegration. 



PURPOSE 

The purpose of this study was to compare the quality and quantity of maxillary 

bone around implants placed in healed extraction sites in T2DM, metfonnin-fed T2DM 

rats, and control animals. Another part of this study was to test the effect of metformin 

on the healing of bone around the implants in T2DM rats. 

HYPOTHESIS 

The healing of maxillary bone around titanium implants in T2DM rats is 

significantly impaired compared to that of control and metfonnin-fed T2DM rats. 

SPECIFIC AIMS 

AIM#l 

Create an animal model for dental implant osseointegration in T2DM. 

AIM#2 

Determine the effect of T2DM on the osseointegration of oral dental implants in an 

animal model. 
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AIM#3 

Determine whether metformin affects the healing of bone around oral implants placed in 

a T2DM animal model. 



MATERIALS AND METHODS 

OVERVIEW OF METHODS 

There were three groups with twelve animals each: Control, T2DM (GK), and 

metformin treated T2DM rats (GK+Met). The Control group consisted of twelve, non

T2DM 12 week old male Wistar rats, predecessors of the Goto-Kakizaki (GK) rats. The 

GK group consisted of twelve, 12 week old male GK rats that spontaneously became 

hyperglycemic and were considered to have T2DM. Lastly, the GK +Met group consisted 

of twelve, 12 week old male GK rats that were later fed metformin (100 mg/kg body 

weight/ day, Sigma, St. Louis, MO) ad libitum in their drinking water. All the rats had 

one of their maxillary first molars removed and the extraction sites were allowed to heal 

for four weeks. A titanium implant (bone screw, see description below) was placed in the 

healed extraction site. Six rats from each group were sacrificed at weeks 1 and 4. (Figure 

1) Once sacrificed, a block section of the maxilla that contained the implant was 

obtained from each of the rats and scanned using microCT. After microCT was 

performed, the block maxilla section containing the implant was decalcified, embedded, 

and then sectioned for histology. Hematoxylin and eosin staining and 

immunohistochemistry were then performed to gain pictorial depiction of the bone 

remodeling process at that particular time point. For each animal in the study, blood was 

taken at the time of extraction, time of implant placement, and at the time of sacrifice 

either at week one or four post implantation. The blood was immediately centrifuged to 
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either at week one or four post implantation. The blood was immediately centrifuged to 

collect the serum for later use in serum assays. Serum assays were used to determine the 

extent of bone resorption and bone formation in each group. From these tests, the quality 

and extent of osseointegration was quantified. 



Overview of Methods 

2 weeks 4 weeks r Wk1 Wk4 

EXT Max Place Sacrifice Sacrifice 
1st Molar Implant (n=6) (n=6) 

EXT Max Place Sacrifice Sacrifice 
1st Molar Implant (n=6) (n=6) 

GK+Met 
EXT Max 

Place Sacrifice Sacrifice 1st Molar 
(n=12) Implant (n=6) (n=6) 

START Met 

Figure 1: Research Design. Research Design with 3 groups: Control, GK (T2DM), 

GK+ Met (T2DM with Metformin) 
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METHODS DESCRIPTION 

Implants 

The experimental implants used in this study were titanium bone screws 

manufactured by Stryker (Leibinger Universal #50-12003) that were self-tapping, cross

pin, and 1.2 mm (D) X 3 mm (L). (Figure 2) These bone screws have been commonly 

used by oral maxillofacial surgeons in upper face reconstructions. 

Figure 2: Titanium Bone Screw. Our implant is a titanium bone screw 
that measures 1.2 mm (D) X 3 mm (L) that has been used in oral 
maxillofacial reconstructions. 



Animals 

This protocol was submitted for approval to the Institutional Animal Use and Care 

Committee at the Georgia Health Sciences University prior to the initiation of the study. 

Twenty-four male Goto-Kakizaki rats (Taconic Farms, Inc., Hudson, NY) and twelve 

Wistar rats (Taconic Farms, Inc., Hudson, NY) were purchased and maintained at the 

Georgia Health Sciences University Research and Education Building on food and water 

provided ad libitum. 

There were three groups with twelve animals each: Control, T2DM (GK), and 

metformin-fed T2DM rats (GK +Met). For two weeks, the animals were allowed to 

acclimate to the new environment. 

Surgical Extraction 

At the end of the two week acclimatization period, the animals in all groups were 

anesthetized intramuscularly using a cocktail solution (1 mg/kg) consisting ofketarnine 

(100 mg/mL), xylazine (20 mg/ mL), and acepromazine (10 mg/ mL) at a dosage of0.7 

to 1.0 mL/ kg. (24) Each rat had one of their maxillary first molars extracted. (Figures 3 

& 4) Following extractions, animals in the GK+Met group received metformin (100 

mg/kg body weight/ day, Sigma, St. Louis, MO) dosed daily in their water. (21) The 

extraction sockets of all rats (Control, GK, GK +Met) were then allowed to heal for 4 

weeks as described in a previously published study where at this time period, the 

miniature implant screws were able to be successfully placed into the completely healed 

socket in the rat maxilla. (25) 



Figure 3: Tooth Extraction. The maxillary first molar of the rats from 
all three groups were carefully extracted and were left to heal for 4 
weeks. 
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Figure 4: Maxillary First Molar. The maxillary first molar of the rat 
has five roots, the mesial bucca/ root being the largest and also distally 
inclined, making extraction difficult. 
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Implant Placement 

The socket of the maxillary first molar was allowed to heal for four weeks and an 

osteotomy was prepared in the healed extraction site using a ¼ round bur in a high speed 

handpiece (Lone Star Dental, Arlington, TX). An implant drill that was held in a parallel 

position to the second molar was used to deepen the osteotomy in preparation for the 

implant (Figure 5 & 6) A 1.2 mm (D) by 3 mm (H) titanium micro-screw (Stryker 

Leibinger, Kalamazoo, MI) was placed using a 1.5 mm screwdriver (Small Parts, Miami 

Lakes, FL). (Figure 7) The head of the screw was placed at the level of the occ!usal 

plane of the maxillary arch and embedded within the bone to the full apical length. 

(Figure 8) After implant placement, the animals were placed on a soft diet consisting of 

forty grams ofNutra-Gel (Bio-Serv, Frenchtown, NJ) (Figure 9) given daily in order to 

prevent occ!usal overload and to allow the implant to properly osseointegrate. 



Figure 5: Initial Osteotomy. A round ¼ bur and high speed 
handpiece was used to make an initial osteotomy into the maxillary 
bone in preparation for the implant drill. 
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Figure 6: Implant Drill. An implant drill in a slow speed straight 
handpiece was used to deepen the osteotomy in preparation for the 
implant. 
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Figure 7: Implant Driver. Our implant driver is placing the implant into the 
osteotomy to the intended depth. 
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Figure 8: Maxillary Oral I mp/ant. The implant was placed in the healed 
maxillarv first molar extraction site. 
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Figure 9: Soji Diet. Bio-Serve soft diet 



Blood Glucose Testing 

After being housed in the Georgia Health Sciences University Animal facility for 

a week, both the GK and Wistar rats were anesthetized using the cocktail described above 

and blood was retrieved using a tail nick. (Figure 10) The blood was massaged from the 

tail of the rat onto a glucose strip of a glucometer (Accu-Check Advantage, Roche 

Diagnostics Corp, Indianapolis, IN) to obtain a baseline blood glucose level. (Figure 11) 

Animals with a blood glucose concentration greater than 250 mg/ dL were considered 

diabetic. The blood glucose of all animals was obtained and recorded for several 

different observation periods: extraction of the first maxillary molar, implant placement, 

weeks 1 and 4 post-implant placement. (Figure 12) Prior to being sacrificed, the blood of 

the animals was obtained from the tail to measure glycosylated hemoglobin (HbAlc) 

levels using an Ale test (Al CNow+, Bayer Healthcare, LLC, Sunnyvale, CA) to assess 

the long term glycernic control. (Figure 13) The blood was collected from the tail 

directly with the capillary tube and fully inserted into the sampler body. The blood

solution was then shaken 6-8 times and left to stand on a table. A test cartridge was 

inserted into the monitor and the blood-solution was dispensed from the sample body 

onto the test cartridge once it was ready. The percentage of glycosylated hemoglobin or 

the amount of circulating hemoglobin bound by glucose molecules within the blood was 

calculated by the monitor. 



Figure 10: Rat Tail Nick. After being anesthetized, a rat tail nick was 
performed into order to collect the blood of the rat for later analysis of 
proteins. 
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Figure 11: Glucometer. Using a glucometer, the non-fasting blood glucose of 
the rat was taken at the time of the surgery in order to determine the glycemic 
index of the rat. 
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Figure 12: Blood Collection. The whole blood of the rat was retrieved and 
centrifuged to collect the serum. The serum was frozen and later used to 
analyze the PYD and osteocalcin content. 
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Figure 13: AJCNow. AJCNow kit was used to determine the HbAlc level 
of the rat al the time of sacrifice which confirmed the glycemic control of 
the rat over a period of time. 
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MicroCT 

One week after implant placement, eighteen rats, six in each group, were 

sacrificed under deep anesthesia. At four weeks after implants were placed another six 

rats from each group were sacrificed. After rats were sacrificed, they were perfused 

transcardially with 60 mL of 10% formalin solution. The soft tissue was removed from 

the bone. A block section was obtained by isolating the maxilla containing the implant 

using an Isomet low speed saw (Isomet Buehler Ltd., Lake Bluff, IL, USA) with water 

irrigation. The block section comprising the hard palate and the implant was placed in 

formalin to preserve the tissues for later microCT scanning. 

The block of the maxillae containing the implant was imaged by microCT 

(Skyscan, Kontich, Belgium) to determine several parameters that described the bone 

remodeling around the implant. The microCT calculated the area of bone implant 

contact, percent bone volume, trabecular number, intersection surface, and bone mineral 

density. 

From the microCT image (Figure 14), a cylindrical region of interest or ROI was 

obtained measuring 1.87 mm in diameter and 2.2mm in length. (Figure 15) These 

measurements took into consideration the anatomical limitations of the surgical model as 

well as the measurements of the implant. Due to the limited depth of the alveolar crest to 

the floor of the nasal cavity, we included only the bone around the implant from the first 

thread to the last thread. Each of these microCT slices were 44 microns thick, large 

enough to exclude air and contained exactly 88 slices. 



Figure 14: MicroCT Reconstruction. A 3-D image is reconstructed by the 
microCT and is displaying the implant within the maxilla. 
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Figure 15: Region of Interest. The white box is the Region of Interest or ROI 
where the microCT software is able to analyze the bony area around the 
implant. 
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Once the ROI was obtained, the image was then converted into grayscale units 

from 66 to 192 to isolate only the bone. After the image isolated only the bone, it was 

then converted into Hounsfield units (HU) using the known values of air and water. Air 

has a value of -1000 HU while water has a value of 0 HU. Many of the measurements 

such as percent bone volume, trabecular number, and intersection surface obtained from 

the microCT software were computed as Hounsfield Units. 

The microCT calculated the percent bone volume by measuring the proportion of 

the bone (solid object) found within the region of interest (comprised of both the solid 

object and space). The trabecular number (Tb.N) was found by calculating the number of 

trabeculations (solid structure) that linearly crossed through a trabecular bone region. 

The interception surface was found by calculating the area of the surface (bone) that 

intersected the ROI boundary surface. 

BIC was computed using a ratio of the intersection surface (IS), the amount of 

surface that intersected the implant and comparing it to the total surface of the implant: 

IS 
BIC= --------

Total Tissue Surface 
X JOO% - (0.4%) 

The 0.4% was adjusted for the distance from the edge of the ROI to the implant. 

Bone mineral density (BMD) was then obtained by converting Hounsfield Units 

into BMD, using a scan of two known densities ofhydroxyapatite crystals. The ROI 

measured in Hounsfield Units was calibrated by scanning phantoms ofhydroxyapatite 

with densities of0.25 g/ cubic cm and of0.75 g/_ cubic cm. 



Histology 

After the microCT scans were completed, the samples were decalcified for 8 

weeks in a solution containing of 0.1 M ethylenediamine tetraacidic acid (EDTA) and 0.1 

M sodium hydroxide. The block sections were then processed using a graded series of 

alcohols and xylene prior to implant removal. Once the implant was removed from the 

tissue samples, India ink was used to mark sample orientation, and was finally embedded 

in paraffin. The embedded samples were then cut to produce slides for histology and 

immunohistochemistry using routine methodology. Hematoxylin and eosin staining was 

performed on every sixth section that was cut. 
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Figure 16: H&E. This histology section wasfrom the 4 week Control animal 
where there was bone around apical portion of the implant, but where there was 
soft tissue found at the coronal portion. 
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lmmunohistochemistry 

The tissue sections prepared for immunohistochemistry were used to identify 

markers of osteoclasts such as tartrate resistant acid phosphatase (TRAP) or gelatinase B, 

also known as matrix metalloproteinase 9 (MMP 9) using commercial antibodies. MMP9 

is a biological enzyme involved with the breakdown of the extracellular matrix and is 

highly expressed by osteoclasts. Therefore, the presence of MMP9 or TRAP indicated 

where bone resorption occurred in the specimens. 

Other tissue sections were also processed with antibodies for osteoblasts and 

indications of bone formation using antibodies against RUNX2 and osteocalcin. 

RUNX2 is the transcriptional factor that is essential in mediating osteoblast 

differentiation. (26) Osteocalcin is a product of osteoblasts and may be involved with 

the mineralization process of bone. Therefore, the presence ofRUNX2 or osteocalcin 

indicated where bone formation had occurred within the specimens. 

The paraffin-embedded tissue sections were affixed to glass slides by heat at 55 

degrees Celsius (°C) overnight. The slides were then deparaffinized in limonene twice 

for 5 minutes, washed with 100% ethanol twice for 3 minutes, washed in 95% ethanol 

once for 3 minutes, and washed in phosphate buffered saline (PBS) twice for 3 minutes. 

Citra Target Solution (BioGenex Inc. San Ramon, CA) was warmed in the microwave to 

approximately 97°C prior to washing the slides for 10-15 minutes. The specimens were 

then rinsed in PBS for 3 minutes, placed in 0.3% hydrogen peroxide for 5 minutes, and 

rinsed again in PBS for 3 minutes. A blocking serum for mouse species primary antibody 

(TRAP) was prepared by combining 130 µI/ml of normal horse serum with 10ml PBS. A 

blocking serum for rabbit species primary antibody (RUNX2) was prepared by 



combining 130 µI/ml of normal goat serum with 10ml PBS. A blocking serum for goat 

species primary antibody (osteocalcin, MMP-9) was prepared by combining 130 µI/ ml of 

normal rabbit serum with 10ml PBS. The slides were dabbed to get rid of excess PBS 

and one or more drops of blocking serum were placed on each slide. These slides were 

carefully placed on slightly damp paper towels in a humid chamber and sealed and 

incubated for an hour. The slides were carefully blotted around the sections and 100 µL 

or more of the primary antibody was applied to each slide. These primary antibodies 

were incubated in the humid chamber overnight. 

The primary antibodies were rinsed twice with PBS and carefully blotted around 

the sections. Biotinylated secondary antibody for the mouse (TRAP) was prepared by 

making a dilation of 1 :200 biotinylated antibody to mouse IgG in PBS while a 

biotinylated secondary antibody for the rabbit (RUNX2) was prepared by making a 

dilution of 1 :200 biotinylated antibody to rabbit IgG in PBS. For the goat species 

(osteocalcin, MMP-9), the biotinylated secondary antibody was prepared by making a 

dilution of 1 :200 biotinylated antibody to goat IgG in PBS. These biotinylated secondary 

antibodies were placed on the specimen slides and incubated in a humid chamber for 30 

minutes. After rinsing these slides with PBS twice, an ABC peroxidase solution (Vector 

Laboratories, Burlingame, CA) was prepared with 2.SmL PBS, 1 drop solution A, and 1 

drop solution B. After mixing the reagent with the vortex, the slides were incubated in at 

least a drop of the ABC reagent. After the slides were rinsed twice with PBS, a DAB 

solution was prepared by combining 1 mL DAB, 9 mL PBS, and 25 µL 30% hydrogen 

peroxide. The slides were rinsed with PBS, then rinsed with sterile water, and 

counterstained with Mayer's Hematoxylin for a minute. The color was stopped by 



rinsing with sterile water, washed with ammomia water, dehydrated with 95% ethanol for 

3 minutes, washed with I 00% ethanol twice for 3 minutes each, and washed with xylene 

twice for 3 minutes each. Finally, the slides were prepared by placing a coverslip using 

Clarion mounting media (Biomeda, Foster City, CA). 

PYD EIA Assay 

Not only was the blood collected for blood glucose analysis, but the blood was 

also collected in tubes to be later used to measure serum pyridinoline, a biomarker and 

breakdown product from bone resorption. Once the fresh blood was collected, it was 

spun down in a centrifuge. The serum was collected, frozen, and kept in a minus eighty 

degree freezer. Once all the samples were collected, the serum was analyzed for 

pyridinoline using a PYD EIA kit (Quidel, San Diego, CA). The standards, controls, 

reagents, and serum samples were prepared as instructed by the manufacture. A 12 

nmol/L standard solution was prepared by taking 50 µL of the PYD standard (120 

nmol/L) and diluting with 450 µL of the assay buffer to obtain a ratio of I: I 0. A 

6nmol/L solution was obtained by combining 200 µL of the standard solution (12 

nmol/L) and 200 µL of the assay buffer. The 6 nmol/L solution was further diluted by 

combining 200 µL of 6 nmol/L solution with 200 µL of the assay buffer to obtain a 3 

nmol/L solution. A 1.5 nmol/L was obtained by combining 200 µL of the 3 nmol/L with 

200 µL of the assay buffer. Then a 0.75 nmol/L solution was made by combining 200 µL 

of 1.5 nmol/L and 200 µL of the assay buffer. The high control consisted of the control 

solution while the low control was prepared by adding 50 µL of the control and 450 µL 

of the assay buffer. First, approximately 50 µL of reagent I was placed in each well and 



then 25 µL of the diluted standard, control, or diluted sample which should be completed 

within 20 minutes. Then 75 µL ofpyridinoline antibody was added to the wells, 

carefully tapped to mix the liquids together, covered, and incubated overnight in a dark 

and cold (2-8°C) environment. During the next day, the wells were emptied and 

adequately rinsed and flushed with 250 µL of wash buffer three times. Then the wells 

each received 150 µL of the enzyme conjugate and 10 mL of wash buffer and were 

incubated for 1 hour. The wells were emptied by inverting them, washed with 150 µL of 

wash buffer for at least three times, and carefully wiped. Then 150 µL of working 

substrate solution was added to each well and left for 40 minutes. After that, 100 µL of 

the stop solution was added to the wells and read at an optical density of 405 nm within 

15 minutes. This assay was analyzed to fit to the curve fitting equation, 

y=(A-D)/ (1 +(x/C)"B)+D 

The assay determined the amount of pyridinoline crosslinks, a product of type I collagen 

breakdown found in bone of the rats surrounding the implant. 

Osteocalcin EIA Assay 

The serum was collected at the time of sacrifice and was used to measure 

osteocalcin, a product of osteoblasts which indicates the amount of bone formation. The 

serum was measured using a rat osteocalcin EIA assay kit (BTI, Stoughton, MA). The 

standard stock which was 100 ng/ ml was diluted with the sample buffer in the various 

standard ranges: 20, 10, 5.0, 2.5, 1.0, and 0.33 ng/ ml. The control solution was made by 

mixing the 50 µI of rat control serum with 50 µI deionized water for 15-20 minutes and 



then diluting it with 0.45 ml of sample buffer. The unknowns contained our rat serum 

that was collected from all the rat specimens throughout the experiment that had been 

· diluted at least 5 folds with the sample buffer. The standards, control, unknowns, and 

100 µl of the sample buffer were pipeted into duplicate wells, was covered with plastic, 

and incubated at 2-8°C for at least 18 hours. During the next day, the 100 ml bottle of 

phosphate-saline wash buffer was prepared by adding 400 ml of deionized water while 

the osteocalcin antiserum concentrate was diluted with 10 ml of the sample buffer. Each 

of the wells was aspirated, washed three times with the 0.3 ml of the phosphate-saline 

wash buffer, and had 100 µl of the osteocalcin antiserum augmented to each well. The 

wells were covered tightly with plastic for an hour at 37°C. The donkey anti-goat IgG 

peroxidase conjugate was diluted to a concentration of 1/800 with the sample buffer. 

Each of the wells were again aspirated and washed three times with the 0.3 ml of the 

phosphate-saline wash buffer. Approximately 100 µl of the diluted donkey anti-goat 

IgG peroxidase conjugate was added to each well and then incubated for an hour at room 

temperature. Equal parts of the TMB solution and hydrogen peroxide were mixed 

together. Each of the wells was aspirated again, washed three times with the 0.3 ml of 

the phosphate-saline wash buffer, and had 100 µl of the equal parts solution added to 

each of the wells. The plates were placed in the dark to be incubated at room temperature 

for 30 minutes. Then the 100 µl of the stop solution was added to the wells, swirled, and 

had the absorbance measured at 450nm within 15 minutes. 

The results were obtained by averaging the duplicates for all of the 

determinations, subtracting the desired value from the average of the readings, and 

plotting the net optical density of the standards with the log of the concentrations, using 



the best curve possible. All of the unknown concentrations were ascertained from this 

curve. 

DATA ANALYSIS 

Analysis of variance was used to statistically compare the data obtained from the 

blood serum, microCT, PYD serum assay, and osteocalcin serum assay between the three 

groups: non-diabetic rats (Control), T2DM rats (GK), and metforrnin-fed .T2DM rats 

(GK+Met) over the specified times of weeks 1 and 4. This was followed by the 

appropriate post hoc analysis. 



RESULTS 

The study on the healing of maxillary bone around titanium implants used an in 

vivo animal model. The aims of the study were to: create an animal model for dental 

implant osseointegration, determine the effect ofT2DM on osseointegration, and 

examine whether metformin affects the healing of bone around oral implants. The study 

compared the quality and quantity of maxillary bone around implants inT2DM, 

metformin-fed T2DM, and control rats. Healing was evaluated by two different methods: 

I) microCT analysis to determine bone mineral density, bone to implant contact, 

trabecular number, and bone volume and 2) serum assays to determine the extent of 

bone resorption and bone formation in each group. A total of24 T2DM rats and 12 

control (normal) rats were used of which 8 did not survive 7 days post surgery. 

During the study, the animals were administered a soft diet to minimize occlusal 

loading on the implants and to maximize the healing of bone around the implants. 

However, these Nutra-Gel trays contained 60% moisture which was sufficient for our rats 

to survive without drinking water, the mode for our drug administration. Although the 

-rats did drink some water, they did not receive a therapeutic metformin dose. In a 

retrospective analysis, the frozen rat serum from the GK +Met rats at weeks 1 and 4 was 

submitted to NMS Labs in Willow Grove, PA for Metformin High Performance Liquid 

Chromatography. At week 1, 0.058 mcg/ mL ofMetformin was found in the serum. 

With the therapeutic range for metformin being l-2mcg/ mL, it was acknowledged that 
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after switching to a soft diet, the effective dose of the drug was not being reached. At 

week 4, there were no traces of the Metfonnin found in the serum of this rat. 

BLOOD GLUCOSE 

The blood glucose analysis was done to confirm hyperglycemia in the T2DM GK 

rats and normal glucose in the control rats. The blood glucose values confirmed that 

throughout the experiment, the Control animals had normal blood glucose levels while 

the GK rats were found to be hyperglycernic. The blood glucose values of the GK+Met 

group fluctuated. (Figure 17) At the time of extraction, the GK +Met group exhibited a 

mean blood glucose of360.3 ± 107.6 mg! dL which was similar to that of the GK group 

that exhibited mean blood glucose of370.4 ±107.4 mgidL. On the other hand, the 

Control group value of 193.4 ± 37.1 mg/ di was significantly (p<0.05) different from the 

GK and GK+Met groups. (Table 1) 

At the time of implant placement, the GK± Met group had a drop in blood 

glucose to a near normal mean blood glucose level of 241. 7 ± 78.1 mg! dL. This was 

statistically different (p<0.05) from the blood glucose of the GK group at 382.5 ± 92.9 

mg! dL, but was similar to the blood glucose of the Control group at 191± 60.7 mg! dL. 

(Table 2) 

At one week after the implants were placed, the blood glucose of the GK+Met 

group spiked to a mean of293.8 ± 75.0 mg! dL, indicating hyperglycemia. The GK 

group had a mean blood glucose of280.4 ± 54.0 mg! dL while the Control had a mean 

blood glucose of 185.2 ± 37.7 mg/ dL. (Table 3) 



At week 4, the GK +Met group was found to have a mean blood glucose level of 

279.8 ± 69.7 mg/ dL, similar to that of the GK group with a mean blood glucose of302.8 

± 73.3 mg/ dL. Both these groups were significantly different (p<0.05) from the Control 

that had a mean blood glucose of 217 ± 62.6 mg/ dL (Table 4) 
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Figure 17: Non-Fasting Blood Glucose Levels of the Rats. This is the graphical 
representation of the non-fasting glucose taken from all three rat groups at the time of 
extraction, time of implant placement, and at the time of sacrifice either at week 1 or 4 
post-imp/an/ placement where GK (n = 10), GK+ Met (n= 11), and Control (n= 12 at the time 
of extraclion and time of implant placement. For time points of week 1 or week 4 post
implant placement, GK (n=6), GK +Met (n=5),and Control (n=6). * denotes significantly 
different from GK rats (p<0.05). # denotes significantly different from GK+Met rats 
(p<0.05). 



Glucose at Time of Extraction 

Animal Control: GK: GK+Met: 
Number Time of Extraction Time of Extraction Time of Extraction 

1 135 534 377 

2 136 190 451 

3 251 426 431 

4 176 383 198 

5 171 421 302 

6 248 244 187 

7 219 316 450 

8 207 288 438 

9 203 452 437 

IO 192 450 241 

11 206 451 

12 177 

Mean *# 193.42 370.40 360.27 

(±37.137 SD) (±107.414 SD) (±107.565 SD) 

Table I: Non-Fasting Blood Glucose at Time of Extraction. The non-fasting glucose of all 
the rats (Control. GK, and GK+Met) was taken at the time of extraction. Measurements 
were in mg/ dL. Hyperglycemia was considered if glucose levels were over 250 mg/ dL. * 
denotes significantly different from GK rats (p <0. 05). # denotes significantly different from 
GK +Met rats (p<0. 05). 
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Blood Glucose at Time of Implant Placement 

Animal Control: GK: GK+Met: 
Number Implant Placement Implant Placement Implant Placement 

1 217 568 232 

2 161 305 251 

3 144 386 411 

4 195 442 194 

5 334 417 165 

6 174 425 138 

7 260 345 246 

8 139 290 243 

9 224 407 262 

10 128 240 180 

11 186 337 

12 132 

Mean 191.167 382.50 * 241.72 

(±60.729 SD) (±93.000 SD) (±78.151 SD) 

Table 2: Non-Fasting Blood Glucose at Time of Implant Placement. The non-fasting 
glucose of all the rats (Control, GK, and GK +Met) were taken at the time of implant 
placement using a glucometer. Measurements were in mg/ dL. Hyperglycemia was 
considered if glucose levels were over 250 mg/ dL. * denotes the group is significantly 
different from GK (p<0.05). 



Blood Glucose at Week 1 

Animal Control: GK: GK+Met: 
Number Weekl Weekl Weekl 

1 164 237 199 

2 197 257 378 

3 247 317 257 

4 195 233 257 

5 136 358 273 

6 172 362 

Mean 185.167 280.4 293.8 

(±37.680 SD) (±54.862 SD) (±75.024 SD) 

Table 3: Non-Fasting Blood Glucose at Week I Post-Implant Placement. The non-fasting 
glucose of all the rats (Control, GK, and GK+ Met) when the rats were sacrificed at week 
I after implant were placed. Measurements were in mg/ dL. Hyperglycemia was 
considered if glucose levels were over 250 mg/ dL. 
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Blood Glucose at Week 4 

Animal Control: GK: GK+Met: 
Number Week4 Week4 Week4 

1 267 236 230 

2 158 334 293 

3 306 237 251 

4 157 296 188 

5 238 411 358 

6 176 359 

Mean *# 217.00 302.80 279.83 

(±62.648 SD) (±73.346 SD) (±69.712 SD) 

Table 4: Non-Fasting Blood Glucose at Week 4 Post-Implant Placement. The non-fasting 
glucose of the rats (Control, GK, and GK +Met) were taken when these animals were 
sacrificed at 4 weeks after implant placement. Measurements were in mg/ dL. 
Hyperglycemia was considered if glucose levels were over 250 mg/ dL. * denotes that the 
group was significantly different from GK rats (p<0.05). # denotes that the group was 
significantly different from GK +Met rats (p<0.05). 



The hemoglobin Al C test was used to determine the percentage of glycated 

hemoglobin levels that were found in the rat serum at the time of death either at week I 

or 4. This was used to determine the level of glycemic control throughout most of the 

experiment. (Figure 18) The Control rats at week I were found to have a mean percent 

glycated hemoglobin of 4.71 ± 0.12% which was statistically significantly different 

(p<0.05) than the GK rats that had a mean hemoglobin AIC of7 ± 1.93%. The GK+Met 

group was found to have a mean percent glycated hemoglobin of 6.48 ± 0.30% which 

was significantly different from the Control group (p<0.05). (Table 5) At week 4, the 

Control rats were found to have a mean percent glycated hemoglobin of 4.85 ± 0.10%, 

the GK rats had a mean percent glycated hemoglobin of 6.08 ± 1.34%, and the GK +Met 

rats had a mean percent glycated hemoglobin of 5.83 ± 0.62%. (Table 6) The Control 

group was statistically different from both the GK and GK +Met groups where p<0.05. 



50 

Percent Glycated Hemoglobin (HbA 1 c) at Weeks 1 and 4 Post
Implant Placement (GK vs. GK+Met vs. Control) 
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Figure 18: Percent Glycated Hemoglobin. This is a graphical representation of the percent of 
glycated hemoglobin that was found in the blood serum of the three groups: Control (n=6). GK 
(n=5), and GK +Met at two different time points: week 1 and 4 after implants were placed. 
GK +Met group at week 1 (n=../) and al week 4 (n=6). * denotes that the Control group is 
significantly different from the GK group where p <0. 05. # denotes that the Control group is 
significantly different than lhe GK +Met group where p<0.05. 



HbAlc for Week 1 

Animal Control: GK: GK+Met: 
Number Weekl Weekl Weekl 

I 4.8 5.2 6.1 . 

2 4.7 4.9 6.8 

3 4.7 7.6 6.4 

4 4.6 7.8 6.6 

5 4.6 9.5 

6 4.9 

Mean *#4.717 7.0 6.476 

(±0.048 SD) (±1.930 SD) (±0.299 SD) 

Table 5: Percent Glycated Hemoglobin at Week 1 Post-Implant Placement. The HbAJ c 
was taken with AI CNow, a device that measures the percentage of glycated hemoglobin 
at the time of sacrifice at week 1. The measurement is in % where Control (n=6}, GK 
(n=5}, and GK +Met (n=4). * denotes that the Control group is significantly different 
from the GK group where p <0. 05. # denotes that the Control group is significantly 
different than the GK+Met group where p<0.05. 



HbAl C for Week 4 

Animal Control: GK: GK+Met: 
Number Week4 Week4 Week4 

1 4.9 5.4 6.3 

2 5 4.9 5.4 

3 4.9 5 4.9 

4 4.8 7.4 6 

5 4.7 7.7 5.8 

6 4.8 6.6 

Mean *#4.85 6.08 5.83 

(±0.104 SD) (±1.359 SD) (±0.615 SD) 

Table 6: Percent Glycated Hemoglobin at Week 4 Post-Implant Placement. The HbAl c 
was taken with Al CNow, a device that measures the percentage of glycated hemoglobin 
at the time of sacrifice at week 4. The measurement is in % where Control (n=6), GK 
(n= 5), and GK +Met (n=6). * denotes that the Control group is significantly different 
from the GK group where p<0.05. # denotes that the Control group is significantly 
different than the GK +Met group where p <0. 05. 



SERUM ASSAYS 

A pyridinoline (PYD) assay was performed to determine the amount of collagen 

breakdown that occurred at each of the observation points: extraction, time of implant 

placement, and week I and 4 post-implantation. (Figure 19) At the time of extraction, the 

GK and GK+ Met groups showed mean PYD products of2.32 ± 0.46 mmol/ Land 2.02 

± 0.35 mmol/ L respectively, while the Control group had a mean of2.67 ± 0.54 mmol/ 

L. The Control and the GK +Met groups were significantly different (p<0.05) from each 

other. (Table 7) 
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Figure 19: Collagen Remodeling Biomarker. This is a graphical representation <?f the 
collagen breakdown product or P YD for Control, GK. and GK+ Mel groups at the 
various lime points: time of extraction, time of implant placement, and week 1 and 4 
posl-implant placement. At time of extraction, Control had n=JO, GK had n=7, and 
GK +Met had n=8. At the time of implant placement. Control had n= 9, GK had n=7, 
and GK+Met had n=JO. At week 1, Control had n=5, GK had n= 3. and GK+Met had 
n= 5. At week 4, Control had n=5, GK had n=4. and GK +Met had n=5. * denotes that 
the Control group is significantly different from the GK group where p<O. 05. # denotes 
that the Control group is significantly different than the GK+ Met group where p<O. 05. 



JJ 

PYD for Time of Extraction 

Animal Control: Time GK: GK+Met: 
Number of Extraction Time of Extraction Time of Extraction 

1 2.001 1.665 
2.844 

2 2.421 2.823 1.885 

3 2.706 2.828 2.112 

4 3.692 2.656 1.793 

5 2.619 1.667 2.298 

6 2.847 2.028 2.446 

7 2.342 2.232 1.546 

8 2.159 2.407 

9 1.823 

10 3.271 

Mean #2.672 2.319 2.019 

(±0.539 SD) (±0.456 SD) (±0.346 SD) 

Table 7: Collagen Remodeling Biomarker at Time of Extraction. The PYD assay 
measured of the amount of collagen breakdown that occurred at the time of extraction in 
the Control, GK, and GK +Met groups. The measurement if mmoll L. # denotes that the 
Control group was statistically different from only the GK+ Met group where p <O. 05. 
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At the time of implant placement, the mean PYD products for the GK and GK+ 

Met groups were 2.75 ± 0.67 mmol/ L, and 2.49 ± 0.53 mmol/ L respectively, while the 

Control group had 3.95 ± 1.58 mmol/ L. The Control group was significantly different 

(p<0.05) from the GK +Met group and was close to being significantly different from the 

GK group with a p=0.08. (Table 8) At week 1, the PYD product for the Control was 3. 78 

± 0.66 mmol/ L, the GK group had a PYD of 2.13 ± 0.42 mmol/ L, and the GK +Met 

group had a PYD of3.15± 2.31 mmol/ L. Only the Control and the GK groups were 

significantly different (p<0.05). (Table 9) At week 4, the Control group had a PYD of 

3.67 ± 0.91 mmol/ L, the GK group had aPYD of2.36 ± 0.28 mmol/ L, and a GK+Met 

group had a PYD of2.29 ± 0.35 mmol/ L. The Control group was significantly different 

(p<0.05) from both the GK and the GK +Met group. (Table 10) 

The results from the Osteocalcin serum assay were found to be inconclusive and 

did not generate a standard curve. 
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PYD for Time of Implant Placement 

Animal Control: GK: GK+Met: 
Number Implant Placement Implant Placement Implant Placement 

1 6.517 1.779 2.224 

2 3.63 2.31 2.744 

3 5.302 2.69 2.059 

4 3.062 3.108 3.572 

5 2.426 2.597 2.135 

6 2.574 2.834 2.415 

7 3.28 3.935 1.861 

8 2.681 2.21 

9 6.04 2.56 

10 3.168 

Mean #3.946 2.750 2.495 

(±1.579 SD) (±0.671 SD) (±0.534 SD) 

Table 8: Collagen Remodeling Biomarker at Time of Implant Placement. The PYD assay 
measured of the amount of collagen breakdown that occurred when the implants were placed in 
the Control, GK, and GK+ Met groups. The measurement if mmol/ L. # denotes that the Control 
group was statistically different from the GK+ Met group (P<0. 05), and was almost different 
from the GK group where p<0.08. 



PYD for Week 1 

Animal Control: GK: GK+Met: 
Number Weekl Weekl Weekl 

1 3.401 1.909 2.752 

2 4.892 1.869 1.446 

3 3.229 2.622 2.287 

4 3.593 2.086 

5 3.796 7.192 

Mean *3.782 2.133 3.153 

(±0.656 SD) (±0.424 SD) (±2.306 SD) 

Table 9: Collagen Remodeling Biomarker at Week 1 Post-Implant Placement. The 
PYD assay measured of the amount of collagen breakdown that occurred at one week 
after the implant was placed in the maxilla of the Control, GK, and GK+Met groups. 
The measurement ifmmol/ L. * denotes that the Control group was statistically different 
from the GK group where p<0.05. 



PYDforWeek4 

Animal Control: GK: ·GK+Met: 
Number Week4 Week4 Week4 

1 2.44 2.706 1.679 

2 3.408 2.14 2.38 

3 3.364 2.128 2.433 

4 4.6 2.451 - 2.343 

5 4.546 •? 2.603 

Mean *#3.672 2.356 2.288 

(±0.909 SD) (±0.277 SD) (±0.354 SD) 

Table 10: Collagen Remodeling Biomarker at Week 4 Post-Implant Placement. The 
PYD assay measured of the amount of collagen breakdown that occurred when the 
Control, GK, and GK +Met groups were sacrificed at week 4. The measurement ifmmol/" 
L. *denotes that the Control group was statistically different from the GK groups where 
p<0. 05. # denotes that the Control group was statistically different from the GK +Met 
group where p<0.05. 
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MICROCT ANALYSIS 

A block section of the maxilla containing the implant was harvested and scanned 

using microCT. The percentage of bone volume indicated the amount of bone found in 

the region of interest around the implant. (Figure 20) At one week post implantation time 

point, the GK group had a mean bone volume of 40.58 ± 6. 78%, the GK +Met group had 

a bone volume of 41.36 ± 7.75%, and the Control group had a mean bone volume of 

40.58 ± 25.67%. (Table 11) There were no significant differences between any of the 

groups. In the fourth week, the mean percentage of bone volume in the GK group was 

37.89 ± 22.34%, the GK+Met group had a mean bone volume percentage of37.55 ± 

9.05%, and the Control had a mean percentage bone volume of60.72 ± 15.21%. (Table 

12) In both week 1 and week 4, there were animals with a value of zero percent bone 

volume which indicated when no implant was found when the animal was sacrificed. 

Therefore, there was no bone around the implant to evaluate. 
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Figure 20: Percent Bone Volume. This is a graphical representation of microCT 
measurements ofpercent bone volume between the Control, GK, and GK+Met rat 
groups at the time of sacrifice either at week 1 or./. At week I. the Control group had 
11=6, GK group had n=4, and GK +Met group had n=5. At week 4, the Control group 
had 11=6, GK had n=4, and GK +Met had n=5. 



MicroCT: Percent Bone Volume for Week 1 

Animal Control: GK: GK+Met: 
Number Weekl Weekl Weekl 

1 45.675 70.418 36.562 

2 31.253 26.489 36.830 

3 36.188 33.782 27.840 

4 38.154 44.029 34.124 

5 42.210 0 52.397 

6 50.010 

Mean 40.582 34.944 37.551 

(±6.778 SD) (±25.665SD) (±9.054 SD) 

Table 11: Percent Bone Volume at Week I Post-Implant Placement. Percent bone volume 
describes the amount of bone around the implant in a region of interest in the Control, 
GK, and GK +Met groups at week I after implants were placed. The value ofO is due to 
the failed implant when the rat was sacrificed. 



MicroCT: Percent Bone Volume for Week 4 

Animal Control: GK: GK+Met: 
Number Week4 Week4 Week4 

1 52.444 47.933 36.562 

2 66.672 51.189 36.830 

3 73.232 54.556 27.840 

4 72.702 35.757 34.124 

5 65.567 0 52.397 

6 33.708 0 

Mean 60.721 37.887 37.551 

(:1:15.212 SD) (:1:22.337 SD) (:1:9 .055 SD) 

Table 12: Percent Bone Volume at Week 4 Post-Implant Placement. Percent bone 
volume describes the amount of bone around the implant in a region of interest in the 
Control, GK, and GK +Met groups at week 4 after implants were placed. The value ofO 
is due to the failed implant at the time of sacrifice. 
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Using microCT analysis, the number oftrabeculae was measured which indicated 

the quality of bone around the implants. (Figure 21) At week I, the GK group had a 

mean value of 1.01±0.591/mm trabeculae, the GK+Met group had 1.54 ± 0.18 1/mm 

trabeculae, and the Control group had a mean value of 1.4 7 ± 0.21 1/mm trabeculae. 

Although there were no significant differences between any of the groups, the GK and 

the GK +Met group exhibited a measurable difference with a p=0.09. (Table13) In week 

4, the GK group exhibited a mean value of 1.03 ± 0.58 1/mm oftrabeculae, the GK+Met 

group exhibited a mean value of 1.01 ±0.59 1/mm oftrabeculae, and the Control group 

had a mean value of 1.43 ± 0.12 I/mm oftrabeculae. At four weeks, there were no 

significant differences between any of the groups. (Table 14) In both week 1 and week 4, 

there were animals with a value of zero percent bone volume which indicated when no 

implant was found when the animal was sacrificed. Therefore, there was no bone around 

the implant to evaluate. 
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Figure 21: Trabecular Number. This is a graphical representation of the number of 
trabeculaefound ;n the block section for the animals in the Control. GK, and GK+Met 
groups at weeks 1 and 4 after implant placement. At week 1, Controls had n=6, GK had n= 
5, and GK+Met had n=5. At week 4, Controls had n= 6, GK had n=4, and GK+Met had 
11=5. 
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MicroCT: Trabecular Number at Week 1 

Animal Control: GK: GK+Met: 
Number Weekl Weekl Weekl 

1 1.564 1.342 1.526 

2 1.162 1.068 1.672 

3 1.739 1.188 1.469 

4 1.311 0 1.735 

5 1.440 1.466 1.274 

6 1.576 

Mean 1.465 1.013 1.535 

(±0.206 SD) (±0.586 SD) (±0.181 SD) 

Table 13: Trabecular Number at Week 1 Post-Implant Placement. The number of 
trabeculae describes the type of bone around the implant after it was placed in the three 
groups (Control, GK, and GK +Met) at week one. The measurement is in 11mm. The value 
of O denotes that the implant failed and was not found at time of sacrifice. 



MicroCT: Trabecular Number at Week 4 

Animal Control: GK: GK+Met: 
Number Week4 Week4 Week4 

1 1.277 1.243 0.619 

2 1.505 1.261 1.518 

3 1.548 1.322 1.296 

4 1.545 1.319 1.178 

5 1.308 1.462 

6 1.385 

Mean 1.428 1.029 1.012 

(±0.121 SD) (±0.576 SD) (±0.591 SD) 

Table 14: Trabecular Number at Week 4 Post-Implant Placement. The number of 
trabecula_e describes the type of bone around the implant at the four weeks since implant 
was placed in the maxilla of the three groups: Control, GK. and GK +Met. The 
measurement is in 11mm. 

Uf 



00 

The microCT analysis of the bone to implant contact or BIC determined the 

amount of bone that was in contact with the implant surface. (Figure 22) At week one, 

the GK group had a mean BIC of26.36 ± 17.87%, the GK+Met group had a mean BIC of 

43.9 ± 17.39%, and the Control group had a mean BIC of 43.03 ± 13.00%. None of the 

values had a statistically significant difference (p<0.05) between any of the groups. 

(Table 15) At week four, the GK group had a mean BIC of23.36 ±14.4%, the GK+Met 

group had a mean BIC of 31.57 ± 20.3%, and the Control group had a mean BIC of 49.18 

± 13.65%. There was only a significant difference (p<0.05) between the Control and GK 

group at week four. (Table 16) 
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Figure 22: BIC. This is a graphical representation of the percentage of the bone to 
implant contact. This measurement describes the amount of bone that is in direct contact 
with the implant and is often used when determining osseointegration. The BIC% was 
determined/or the Control, GK, and GK+Met groups at both week I and 4 post implant 
placement. At week I, the Control group had n= 6, GK had n= 5, and GK+Met had n=5. 
At week 4, the Control group had n=6, GK had n= 5, and GK+Met had n=6. * denotes 
that the Control group was statistically significant than the GK group where p<O. 05. 
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MicroCT: Bone Implant Contact at Week 1 

Animal Control: GK: GK+Met: 
Number Weekl Weeki Weekl 

1 55.1 48.4 30.6 

2 23.8 20.3 58.7 

3 32.4 29.8 35.6 

4 41.9 0 66.3 

5 48.3 33.3 28.3 

6 56.7 

Mean 43.033 26.36 43.9 

(±12.995 SD) (±17.870 SD) (±17.392 SD) 

Table 15: BIC at Week 1 Post-Implant Placement. BIC described the amount of bone that 
is in direct contact with the implant and is often used when determining osseointegration. 
The BIC% was determined for the Control, GK, and GK+ Met groups at week 1 post 
implant placement. The value of O denotes that the implant Jailed and was not found at 
time of sacrifice. 



MicroCT: Bone Implant Contact at Week 4 

Animal Control: GK: GK+Met: 
Number Week4 Week4 Week4 

1 35.9 20.6 32.4 

2 54.9 26.4 40.2 

3 63.7 35.3 22.3 

4 62.7 34.5 32.9 

5 46.7 0 61.6 

6 31.2 0 

Mean *49.183 23.36 31.567 

(±13.653 SD) (±14.398 SD) (±20.304 SD) 

Table 16: BIC at Week 4 Post-Implant Placement. In this study, BIC described the 
amount of bone that is in direct contact with the implant in the Control, GK, and 
GK+Met groups at week4 post implant placement. The value ofO denotes that the 
implant failed and was not found at time of sacrifice. * denotes that the Control group 
was statistically different from the GK group where p <O. 05. 



The microCT analysis of the bone mineral density ofBMD describes the quality 

of bone around the implant. (Figure 23) At week 1, the GK group exhibited a mean 

BMD of 0.87 ± 0.5 glcm3, the GK +Met group had a mean BMD of 1.37 ± 0.27 g/ cm
3

, 

and the Control group had a mean BMD of 1 .40 ± 0.27 g/ cm3
• The Control and GK 

group were significantly different (p<0.05) from each other, but the GK and the GK +Met 

groups had a measurable difference with a p=0.08. (Table 17) At week 4, the GK group 

exhibited a mean BMD of 0.68 ± 0.4 glcm3
, the GK +Met group exhibited a mean BMD 

of 1.11 ± 0.6 glcm3, and the Control group exhibited a mean BMD of0.95 ± 0.28 glcm
3

• 

At week 4, none of the groups were significantly different from each other. (Table 18) 

IMMUNOHISTOCHEMISTRY 

The results from the immunohistochemistry and the histology were inconclusive. 



1.6 

- 1.4 
C') 

E 
u -- 1.2 0) ..__.. 

>-
:!::: 
If) 1 C 
Q) 

0 
ro 
L.. 

0.8 
Q) 
C 

~ 0.6 
Q.) 
C 
0 0.4 co 

0.2 

0 

73 

Peri-Implant Bone Mineral Density (BMD) Values 
In the Rat Maxilla Post Implant Placement 

* 

r 

1 4 

Post Implant Placement (Weeks) 
GK+Met 

...,_Control 

Figure 23: Bone Mineral Density. This is a graphical representation of the bone mineral 
density (BMD) that is used to describe the quality of the bone. In this study, the BMD 
describes the healing of the bone around implants of the Control, GK. and GK+Met rats at 
weeks I and -I. At week I, the Control group had an n=6, GK had n=5, and GK+Met had 
n= 5. At week 4, the Control group had an n=6, GK had n=4, and GK +Met had n=6. * 
denotes that the Control group was significantly different.from the GK group where p<0.05. 



MicroCT: Bone Mineral Density at Week 1 

Animal Control: GK: GK+Met: 
Number Weekl Weekl Weekl 

1 1.503 0.898 0.978 

2 1.566 1.191 1.538 

3 1.631 1.54 1.365 

4 1.335 0 1.674 

5 0.909 1.191 1.276 

-
6 1.432 

Mean *1.395 0.867 1.366 

(±0.260 SD) (±0.499 SD) (±0.266 SD) 

Table 17: Bone Mineral Density at Week 1 Post-Implant Placement. Bone Mineral 
Density (BMD) can be used to describe the maturity of the bone in a region of interest. 
In this study, the BMD was used to determine the maturity of the bone around the 
implant in the Control, GK, and GK +Met groups at one week after implant placement. 
The value of 0 denotes that the implant failed and was not found at time of sacrifice. * 
denotes the Control and GK group were significantly different (p <0. 05) from each other. 
The GK and the GK+ Met groups had a measurable difference with a p=0. 08. 



MicroCT: Bone Mineral Density at Week 4 

Animal Control: GK: GK+Met: 
Number Week4 Week4 Week4 

1 0.799 0.776 1.265 

2 0.896 0.784 1.383 

3 0.977 0.810 1.099 

4 0.943 1.049 1.114 

5 0.648 1.800 

6 1.465 0 

Mean 0.955 0.684 1.107 

(±0.276 SD) (±0.399 SD) (±0.356 SD) 

Table 18: Bone Mineral Density at Week 4 Post-Implant Placement. Bone Mineral 
Density (BMD) can be used to describe the maturity of the bone in a region of interest. 
In this study, the BMD was used to determine the maturity of the bone around the 
implant in the Control, GK, and GK+Met groups at/our weeks after implant placement. 
The value o/0 denotes that the implant/ailed and was not found at time of sacrifice. 



DISCUSSION 

Wound healing of bone in type 2 diabetic animals have been shown to be 

impaired with persistently high levels of glucose. (27) It has been hypothesized that high 

levels of glucose in the blood can lead to the formation of irreversible advanced glycation 

end products (AGEs) that can bind to receptors of advanced glycated end products 

(RAGE) and can accumulate on fibroblasts. (28) When this occurs, there can be more 

destruction of connective tissue and bone due to a decrease in collagen synthesis and 

increase in inflammatory mediators. (28) 

In this study, the healing ofbone was observed around implants in Control, 

T2DM (GK), and T2DM (GK+Met) animals that were fed metformin to control the 

hyperglycemia. However, the non-fasting blood glucose levels of the GK +Met group, 

fluctuated throughout the experiment. When metformin was administered in the water at 

the time of extraction, the non-fasting blood glucose of the GK +Met rats decreased to 

241.7 mg/dL when the implants were placed. At implant placement, the GK+Met group 

had similar glucose levels to the Control group with levels below the diabetic threshold of 

250 mg/ dL. In addition, the GK +Met group had significantly different blood glucose 

from the GK rat group, which expressed levels above the diabetic threshold throughout 

the whole experiment. On the other hand, the blood glucose of the GK +Met group began 

to escalate to 293.8 mg/ dL, a level considered to be hyperglycemic. This escalation may 

be attributed to the high water content of the soft diet administered at the time of implant 

placement and the GK +Met rats may not have drank enough water containing the 
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metformin to lower the blood glucose levels. Therefore, at week I after implant 

placement, the blood glucose of the GK +Met group was significantly different from the 

Control group that was below the diabetic threshold, but no differences were found with 

the GK group that was above the diabetic threshold. The same trend that was seen at 

week 1 after implant placement was seen at week 4 where the non-fasting blood glucose 

levels of the GK +Met rats were similar to the GK group and dissimilar to the Control 

group. Again, the high water content in the soft diet could have affected the blood 

glucose levels of the GK+Met group. 

The blood glucose levels of the rats could have been more distinct if fasting 

glucose levels were used. Non-fasting glucose levels may be influenced by a variety of 

different factors such as stress, nutritional intake, medication, exercise, illness, and 

obesity. (30) In this study, stress and food could have increased the blood glucose levels 

as compared if this study used fasting blood glucose levels. However, a delay in wound 

healing or possible medical emergencies could also be experienced if a combination of 

measuring fasting bloods glucose levels and surgical procedures were performed on the 

same day. A logical sequencing would have been to measure the fasting blood glucose 

levels on a separate day from the surgical procedure to avoid any surgical complications. 

In this study, hemoglobin Ale was also measured to determine the glycemic 

control of the rats especially those that were diabetic and prone to hyperglycemi_a. When 

glucose levels are elevated in the blood, hemoglobin from the red blood cells can become 

glycated. These glycated molecules, especially hemoglobin Ale, can stay in the blood 

for the lifespan of the red blood cell which is typically 120 days. Therefore, the glycemic 

control of the animal can be measured simply by measuring the amount of glycated 



molecules that are circulating in the blood. In this study, we found that the Control 

animals controlled their glucose without treatment and had an Ale of 4.71 % at week 1 

and 4.85% at week 4. This data suggests that the animals had stable serum glucose levels 

over the 120 days of the experiment. On the other hand, the GK animals exhibited higher 

Ale levels of7% at week 1 and 6.08% at week 4. As expected, the GK +Met group 

exhibited similar Ale levels as the GK rats of 6.48% at week 1 and 5.83% at week 4 

which corresponded to the non-fasting blood glucose of the animals. 

In addition to determining glucose levels and glycemic control, bone healing 

around implants including both active osteoclastic resorption and osteoblastic bone 

formation were measured through various methods. In one method, serum was measured 

to determine the amount ofpyridinoline or PYD, a biomarker for bone resorption and for 

osteoclastic activity. PYD is a peptide that crosslinks three hydroxylysine residues with 

different tropocollagen in type I collagen which forms bone. During bone remodeling, 

these molecules are released and can be measured in the blood as well as in the urine 

within a short period of time. Another bone resorption marker similar to PYD is the C

telopeptide (CTX) which links the glycine and aspartate molecules in bone collagen and 

is released into the blood when collagen is broken down. In our study, we showed that 

the when trauma was induced at the time of extraction, PYD increased in the Control 

animal implicating active bone remodeling. (25) On the other hand, the GK animals 

exhibited low PYD values throughout the experiment that may be indicative of impaired 

bone remodeling. Interestingly, when the blood glucose levels were low in the GK +Met 

group, these rats exhibited corresponding PYD levels that were high. However, when the 

blood glucose levels were high, the corresponding PYD levels were low. These PYD 



assay test results were similar with the CTX assay testing used by Marx et al where the 

CTX molecule is used to predict a patient's susceptibility to bisphosphonate related 

osteoradionecrosis of the jaw (BRONJ), a disease of impaired bone healing. In the CTX 

test, the high risk BRONJ patients tended to exhibit CTX values less than I 00 pg/mL 

while patients with CTX values above 150 pg/ mL represented a minimal risk for 

developing BRONJ. (26) In his study, Marx et al. found that patients that had been 

taking bisphosphonates for an extended period time and were at the highest risk for 

BRONJ had suppressed CTX values suggesting impaired bone resorption. (26) Our PYD 

results seemed to correlate to the CTX test. Thus, when the rats were found to have high 

blood glucose levels, they also were found to have low PYD values, indicative of poor 

remodeling capabilities and poor bone healing of the bone in the socket and around the 

implants. 

The use of microCT to scan jaws is another method where the healing of bone 

around an implant can be measured. In this study, several microCT parameters were 

determined after the rat jaws containing the implant were scanned. One of the parameters 

was the percent bone volume or the proportion of bone around the implant within a 

specified area (region or interest). Figure 20 depicts a dramatic increase in bone volume 

of the Control rats with norrnoglycernic blood levels from approximately 40% at week I 

to approximately 60% at week 4 suggesting that bone was being formed in the region of 

interest. On the other hand, the percent bone volume of the GK rats with high blood 

glucose levels exhibited little change and that there was minimal bone formation 

occurring. At lower levels of blood glucose, the GK +Met group showed similar levels to 

the Control group, but when the blood glucose levels increased to become 
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hyperglycemic, the percent of bone volume decreased at week 4. With a shift to higher 

blood glucose levels in these GK +Met animals, the bone remodeling equilibrium shifted 

towards more bone resorption than bone formation occurring. He et al. suggested that· 

diabetes may exhibit more bone resorption due to the prolonged apoptosis of osteoblasts 

and decrease in bone formation. ( 6) Therefore, when the rats exhibited hyperglycemia, 

they were more likely to have less percent bone volume around the implants than the rats 

with lower blood glucose levels. 

Another parameter determined by microCT was the number of trabeculations of 

bone that was found within our region of interest around the implants. Trabeculae which 

are found within the cancellous bone provide strength and structural support for the bone. 

Adjacent to the trabeculae are vascular channels that supply blood to the bone. In our 

study, there were more trabeculae in the Control rats at week 1 and 4 after implant 

placement than that found in GK rats. However, the GK +Met rats exhibited higher 

numbers oftrabeculae when the blood glucose was low. When the blood glucose 

increased, the number of trabeculae decreased, suggesting that the structural stability of 

bone also decreased. Therefore, when blood glucose levels were high, there was more 

trabeculae present suggesting that the bone may be more structurally stable, but when the 

blood glucose increased, the number of trabeculae dropped, possible decreasing the 

strength of bone. 

Not only has microCT been useful in measuring many different parameters of 

bone such as percent bone volume and number oftrabeculae, it can be used to determine 

the amount of bone to implant contact. Many implant osseointegration studies have used 

bone to implant contact to describe the amount of implant osseointegration. Our study 



shows that the Control and GK +Met group who both have low blood glucose levels also 

have BICs that were 20% higher than the GK group. (Figure 22) When blood glucose 

levels were low, the GK +Met group expressed more bone around the implants, but when 

the blood glucose levels increased, the BIC of the GK+Met dropped as seen in Figure 22. 

The GK rats maintained high glucose levels throughout the experiment and subsequently 

had low amounts ofBIC throughout the experiment. The results of this study were 

similar to those of Siqueira et al. where the percent of bone implant contact was similar in 

insulin-fed rats and non-diabetic control rats. (15) In this same study, they found that 

both of these groups had higher percent bone implant contact than the uncontrolled 

diabetic rats. (15) However, our GK+Met rats exhibited lower BIC at week 4 similar to 

that of our GK rats since the hyperglycemia was not properly controlled. Hasegawa et al. 

also showed that their non-diabetic Control animals had more BIC than the type 2 

diabetic rats at the various time points, week 4, 6, and 8. (2) 

MicroCT scans were also used to determine the bone· mineral density or BMD of 

the bone around implants. Bone mineral density is the measurement of minerals found in 

bones and is currently used to identify people who may be at risk of bone fractures due to 

osteoporosis. (29) Bone mineral density has also been used to describe the quality of 

bone in the osseointegration of implants. In our study, we found the bone in both the 

Control and GK +Met group were both very dense due to the initial stability of the 

existing bone of the socket site, but decreased in density possibly due to the resorption of 

the initial bone around the implant and bone deposition with immature woven bone. 

(Figure 23) The bone of the GK rats had initially lower BMD than both the Control and 

GK +Met groups possibly due to delayed socket healing with immature bone. These 
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results were similar to that of Zhang et al. who found that GK rats exhibited less BMD in 

their femurs than that of the Control rats. (27) In our study, the low blood glucose levels 

of the Control and GK +Met rats were associated with higher BMD values while the high 

blood glucose levels were associated with lower BMD values. 

Limitations 

There were several limitations of this study. In this study, the rats were 

administered a soft diet to minimize the occusal loading once implants were placed. 

However, these soft diets contained enough water to sustain the animal in daily life, such 

that the GK +Met group did not drink the anticipated amount of metformin administered 

in their water. In addition, the metforrnin that was administered in the water was not 

metabolically monitored to determine the exact amount ofmetforrnin that each animal 

was taking in daily. In retrospect, the metformin should have been administered by a 

gastric tube to the desired therapeutic dose to see the effects of metformin throughout the 

experiment. 

Another issue encountered in the experiment was that most of the bone in the 

extraction socket of the GK rats at one month post-extraction seemed soft and spongy. In 

several animals, the overlying gingival mucosa exhibited incomplete healing even after 

one month of healing. Several of the rats had exposed bone that had erythema and edema 

adjacent to the tissues. Recession was also noted on many of these animals in addition to 

little socket bone fill. When placing the implant, type III and IV bone (according to the 



Lekholm and Zarb classification) was encountered suggesting compromised implant 

placement. (24) These observations from this study contradicted that of Fujii et al. where 

they found that socket sites were filled with enough bone in order to provide primary 

stability during implant placement. (23) Therefore, with such compromised healing of 

both the soft and hard tissue at one month, there may have been more substantial socket 

healing if the animals had healed for two to three months prior to implant placement. 

Our data was also limited by the sample size of each group. There were several 

deaths of the GK rats throughout the experiment usually after surgery was performed. 

This could have been the result of a diabetic induced coma due to extremely high levels 

of glucose in the blood. The stress of surgery and postoperative pain could have induced 

release of more glucose into the bloodstream to induce a diabetic coma. (30) The limited 

sample size was also due to financial restraints since these animals were very expensive. 

Another limitation was that the data for osteocalcin, a biomarker for bone 

formation, was deemed inconclusive for several reasons. One reason was that the rat 

serum used had been frozen for a period of several months in a -80°C freezer and may not 

have retained their original osteocalcin protein structure. Another was that some 

osteocalcin values were simply out of range and prevented the data from providing any 

evidence about the amount of osteocalcin, a protein that is secreted by osteoblasts during 

bone formation. Another possible reason for the inconclusive osteocalcin data was that 

the serum was a reflection of the entire rat rather than the site specific area around the 

implant. Therefore, other bone remodeling processes throughout the body may have 

obscured the osteocalcin data which we obtained, making it inconclusive. 



Another test, the immunohistochemistry test, was also deemed inconclusive. The 

decalcify solution may not have been suitable for immunohistochemical preservation of 

some antigens. Another problem encountered was the use oflndia ink used for 

orientation. This ink was difficult to control and resulted in many tissue sections where 

the details in the ROI were obscured. The immunohistochemistry process was also very 

harsh on the tissue specimen such that it was easy to tear and separate the tissue on the 

slide making many tissues unusable. 



SUMMARY 

Type 2 diabetes mellitus is a debilitating disease that affects many people around 

the world. As more people seek oral implant treatments to replace edentulous sites, the 

knowledge of complications associated with type 2 diabetes mellitus may become more 

of an integral part of our practice. Serum, whole blood, and block tissue samples were 

analyzed using a glucometer, serum assay kits, Al C monitor, and microtCT for three 

groups: diabetic GK rats, diabetic controlled GK +Met rats, and non-diabetic Control rats. 

In our study, we found that in insulin-resistant animals, the GK rats exhibited impaired 

healing around the implants compared to the Control animals. When blood glucose was 

low in the GK +Met rats, their various different bone remodeling and _bone formation tests 

were similar to the Control animals. However, when the blood glucose levels were high 

in the same GK-Met group, their healing characteristics became similar to that of the GK 

rats, suggesting that their healing became impaired. 

85 



REFERENCES 

(Formatted according to the International Journal of Oral Maxillofacial Implantology) 

1. Nevins ML, Karimbux NY, Weber HP, Giannobile WV, Fiorellini JP. Wound 

healing Around Endosseous hnplants in Experimental Diabetes. Int J Oral Maxillofac 

hnplants 1998;13:620-629. 

2. Hasegawa H, Ozawa S, Hashimoto K, Takeichi T, Ogawa T. Type 2 diabetes 

impairs implant osseointegration capacity in rats. Int J Oral Maxillofac hnplants 

2008;23:237-246. 

3. Mellado-Valero A, Ferrer Garcia JC, Herrera Ballester A, Labaig Rueda C. 

Effects of diabetes on the osseointegration of dental implants. Med Oral Patol Oral Cir 

Bucal 2007;12:E38-43. 

4. Total Prevalence of Diabetes and Prediabetes. American Diabetes Association, 

2007. 

5. Kiamdambi SaSBP. Diabetes mellitus: Considerations for dentistry. Journal of the 

American Dental Association 2008;138:8S-18S. 

86 



6. He H, Lui R, Desta T, Leone C, Gerstenfeld LC, Graves D. Diabetes Causes 

Decreased Osteoclastogenesis, Reduced Bone Formation, and Enhanced Apoptosis of 

Osteoblstic Cells in Bacteria Stimulated Bone Loss. Endocrinology 2004;145:447-452. 

o, 

7. Moy PK MD, Shetty V, Aghaloo TL. Dental implant failure rates and associated 

risk factors. Int J Oral Maxillofac Implants 2005;20:569-577. 

8. Park J-B. Bone Healing at a Failed Implant Site in a Type II Diabetic Patient: 

Clinical and Histological Evaluations: A Case Report. The Journal of Oral Irnplantology 

2007;33 :28-332. 

9. Shernoff A, Colwell J, Gingham S. Implants for type II diabetic patients: Interim 

report. VA implants in Diabetes Study Group. Implant Dent 1994;3:183-185. 

10. Farzad P, Andersson L, Nyberg J. Dental Implant Treatment in Diabetic Patients. 

Implant Dent 2002; 11 :262-267. 

11. Mayer TM HC, Gunsolley JC, Feldman S. The single-tooth implant: a viable 

alternative for single-tooth replacement. J Periodontol 2002;73:687-693. 

12. Kotsovilis S, Karoussis I, Fourmousis I. A comprehensive and critical review of 

dental implant placement in diabetic animals and patients. Clin Oral Implants Res 

2006;17:587-599. 



13. Bugea C, Luongo R, Di Iorio D, Cocchetto R, Celletti R. Bone contact around 

osseointegrated implants: histologic analysis of a dual-acid-etched surface implant in a 

diabetic patient. Int J Periodontics Restorative Dent 2008;28:145-151. 

00 

14. McCracken MS, Aponte-Wesson R, Chavali R, Lemons JE. Bone associated with 

implants in diabetic and insulin-treated rats. Clin Oral Implants Res 2006;17:495-500. 

15. Siqueira·J, Cavalher-Machado S, Arana-Chavez V, Sannomiya P. Bone 

Formation Around Titanium Implants in the Rat Tibia: Role of Insulin. Implant Dent 

2003; 12:242-251. 

16. Kwon PT, Rahman SS, Kim DM, Kopman JA, Karimbux NY, Fiorellini JP. 

Maintenance of osseointegration utilizing insulin therapy in a diabetic rat model. J 

Periodontol 2005;76:621-626. 

17. Schurman L, McCarthy AD, Sedlinsky C, Gangoiti MV, Amo! V, Bruzzone L, et 

al. Metformin Reverts Deleterious Effects of Advanced Glycation End-Products (AGEs) 

on Osteoblastic Cells. Exp Clin Endocrinol Diabetes 2008;116:333-340. 

18. Association AD. Standards of Medical Care in Diabetes-2008: Position 

Statement. Diabetes Care 2008;31 :S 12-S44. 



19. Mccarren M. American Diabetes Association Guide to Insulin & Type 2 

Diabetes. In: Association AD (ed), 2008. 

20. Salpeter S, Buckley N, Kahn J, Salpeter E. Meta-analysis: Metfonnin Treatment 

in Persons at Risk for Diabetes Mellitus. The American Journal of Medicine 

2008;121 :149-157. 

21. Rosen P, Wiernsperger N. Metformin delays the manifestation of diabetes and 

vascular dysfunction in Goto-Kakizaki rats by reduction of mitochondrial oxidative 

stress. Diabetes Metab Res Rev 2006;22:323-330. 

22. Zhang L, Liu Y, Wang D, Zhao X, Qiu Z, Ji H, et al. Bone biomechanical and 

histomorphometrical investment in type 2 diabetic Goto-Kakizaki rats. Acta Diabetol 

2008. 

23. Movassat J, Bailbe D, Lubrano-Berthelier C, Picarel-Blanchot F, Bertin E, 

Mourot J, et al. Follow-up of GK rat during prediabetes highlights increased insulin 

action and fat deposition despite low insulin secretion. Am J Physiol Endocrinol Metab 

2008;294:El 68-El 75. 

24. Viera-Negron Y, Ruan W-h, Winger J, Hou X, Sharawy M, Borke J. Effect of 

Ovariectomy and Alendronate on Implant Osseointegration in Rat Maxillary Bone. 

Journal of Oral Implantology 2008;34:76-83. 



90 

25. Fujii N, Kusakari H, Maeda T. A Histological Study on Tissue Responses to 

Titanium Implantation in Rat Maxilla: The Process of Epithelial Regeneration and Bone 

Reaction. J Periodontol 1998;69:485-495. 

26. Paredes RAG, Crozat F, Villagra A, Olate J,Zaidi K, van Wijnen A, Lian J, Stein 

G, Stein J, Montecino M. Bone-Specific Transcription Factor Runx2 Interacts with the 

1,25-Dihydroxyvitarnin D3 Receptor To Up-Regulate Rat Osteocalcin Gene Expression ~ 

in Osteoblastic Cells Molecular and Cellular Biology 2004;24:8847-8861 

27. Capog!u 0, Ozkan, Umudum. Bone Turnover Markers in Patients with Type 2 

Diabetes and Their Correlation with Glycosylated Haemoglobin Levela. The Journal of 

International Medical Research 2008;36:l-7. 

28. Lalla E, Larnster IB, Drury S, Fu C, Schimdt AM. Hyperglycemia, g!ycoxidation 

and receptor for advanced g!ycation endproducts: potential mechanisms underlying 

diabetic complication, including diabetes-associated periodontitis. Periodontology 2000 

2000;23 :50-62. 

29. Marshall J, Wedel. Meta-analysis ofhow well measures of bone mineral density 

predict occurrence of osteoporotic fractures. BMJ 1996;312: 1254-1259. 

30. Rea. Diabetes: Preventing High Blood Sugar Emergencies. In: Houten V (ed), 

2008. 




