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Abstract: 

Title of Thesis: Effects of Glycemic Control on Dental Implant Stabilization for Patients 

with Type 2 Diabetes 

Terry Slevin, Master of Science in Biomedical Science, 2017 

Thesis Directed by: Dr. Thomas W. Oates 

 This study evaluated the effects of hyperglycemia on dental implant 

integration using resonance frequency analysis in 161 patients over a four-month period 

following placement of two mandibular implants . HbA1c levels were determined at the 

time of surgery, two and four months following placement. Stability was normalized  

relative to the change from baseline.  Implant stability was analyzed for associations 

relative to HbA1c categories (<6%, 6.0-7.9%, 8.0-9.9%, 10.0-12.0%). Statistically 

significant differences were noted with respect to change in RFA relative to HbA1c and 

time with the poorly controlled group showing the greatest mean decrease in stability 

(p<0.001).  The calculated time for implants to return to baseline levels of stability 

increased in direct proportion to increasing hyperglycemia, with the poorly controlled 

group taking twice as long to return to baseline as the control group. This study 

demonstrates important compromises in implant stabilization in type 2 diabetic patients 

in direct relation to increasing HbA1c levels consistent with alterations in bone healing 

for patients with worsening glycemic control.  
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I.  Introduction 
 

Diabetes Mellitus is one of the most commonly encountered contraindications to 

implant therapy. As the presence of diabetes is estimated to be 12-14% among adults in 

the United States, this represents a significant portion of the population [1].  Our 

understanding, however, of diabetes as it relates to dental implants has changed little over 

the recent years, potentially denying well controlled patients implant therapy [2]. 

Furthermore, glycemic control is often viewed as a variable in determining if patients 

with diabetes are eligible for implant therapy, potentially prohibiting oral rehabilitation of 

patients that would benefit the most from implant therapy [3]. Implant therapy is an 

efficient form of rehabilitation that may benefit diabetic patients by increasing 

masticatory function and dietary intake, which is crucial for control in diabetic 

individuals [4]. For this reason further study of the relationship between diabetes and 

dental implants necessary.  

 There have been many different attempts to study the effect of diabetes on the 

efficacy of dental implants when compared to healthy individuals. However, the lack of 

continuity of methodology and criteria for success in these studies makes it difficult to 

draw a meaningful conclusion that allows for development of specific protocols in these 

individuals. For example, Shernoff et al found that in patients with acceptable glucose 

control, dental implants were 92.7% successful [5]. Similarly, Balshi and Wolfinger 

found success rates of 94.3% [6].  Abdulwassie et al demonstraited a 95.57% success rate 

in well controlled diabetic patients, and stresses proper glucose control and a strict 

protocol for implant placement in diabetics [7]. Peled et al reported success rates in well 
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controlled type 2 diabetic subjects as high as 97% and 94% at 1 and 5 years respectively 

[8]. A study by Anner et al showed that diabetes was not related to implant failure, with 

an odds ratio of 0.65, when compared to other factors like smoking and history of 

periodontal disease [3].  

One limitation shared by these studies was a lack of clear characterization of the 

glycemic status of the study patients. Nonetheless, diabetes continues to be a variable that 

clinicians utilize in their risk assessment for implant therapy. This limitation in the 

literature was directly challenged by Dowell et al in 2007 who used HbA1c levels over a 

four-month healing period following implant placement [9].  Furthermore, this study was 

also the first to extend implant therapy to patients having a broad range of glycemic 

levels, with HbA1c levels approaching 12%.  In directly evaluating the impact of poor 

glycemic levels on the integration process, this study failed to identify any adverse 

clinical outcomes related to poor glycemic levels.  Interestingly, this study also identified 

significant delays in implant integration for diabetes patients with poor glycemic control 

during the implant integration period, suggesting altered bone metabolism that did not 

reach clinical significance under the study protocols employed [10].   

Consistent with these initial findings, Ghiraldini et al as well as a definitive study 

by Oates et al identified subtle delays in implant integration extending over the first 3 

months following implant placement. [4, 11]. Given the critical nature of implant 

integration to long-term success, these recent findings of differences in stabilization 

compared to well controlled diabetics or healthy patients questions the effects of diabetes 

on the turnover or remodeling of bone which is an important process in implant 

integration as well as survival.  
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Bone remodeling is a key aspect to implant survival as functional demands are 

placed on the implant. The linking of diabetes to microvascular and macrovascular 

complications is well established in literature, and this may lead to healing complications 

[4]. Many animal studies have shown delayed bone formation and healing with 

experimental diabetes models [12, 13]. Kayal et al showed, using an experimental 

diabetes model in mice, that diabetic mice showed poorer fracture healing when 

compared to normoglycemic mice. Using realtime PCR, Kayal et al showed that the 

experimental mice also have greater levels of mRNA expression for TNF alpha, 

macrophage colony stimulating factor (M-CSF), RANKL, and vascular endothelial 

growth factor-A (VEGF-A) coinciding with an increased number of osteoclasts present in 

the diabetic mice compared to controls [13]. The increased osteoclastic activity seen in 

Kayal’s study could be a contributing factor to the larger drop in implant stability seen 

early in the healing process in both Oates and Ghiraldini’s studies in poorly controlled 

diabetic patients.   

With respect to dental implants, the literature shows success rates from 85% with 

fixed prosthodontics up to as high as 95% with single restorations. According to the 

CDC’s report on diabetes in 2014, there are approximately 25% of diabetic patients, 

representing 3% of the US population, that are undiagnosed. Knowing that diabetes can 

affect bone quality it is interesting to postulate that the remaining 5% of failed implants 

could at least partially be accounted for by the effects of undiagnosed diabetes on the 

bone-implant interface [14].    

The application of resonance frequency analysis (Meredith et al) showed that by 

attaching a small transducer with two small piezo-ceramic elements mounted on it to the 
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implant, they could excite the elements and identify the resonant frequency.  

Furthermore, they were able to demonstrate a number of characteristics that could affect 

the resonant frequency obtained, and importantly, that the resonant frequency obtained 

correlated directly to the overall stability of the supporting matrix for the implant [15, 

16].   Integrating this information with the biologic concepts of osseointegration, it 

became evident that in vivo, the changes associated with implant stability were directly 

related to the biologic events along the bone-implant interface, that is osseointegration.  

This was validated by Barewal et al, using resonance frequency analysis as developed by 

Meredith, to accurately detect the change in stability of implants as they heal overtime. 

These findings characterized both resorptive and formative phases of bone metabolism 

following osseous injury associated with implant placement.  These changes were most 

evident in type 4 bone.  These findings demonstrated the value of radio frequency 

analysis as an accurate method of assessing implant stability that seems to mirror 

previously reported physiologic changes in bone [17, 18] . 

Gilbert et al. states that little is known about the impact of most diabetes 

treatments on bone quality and fracture risk, and that physiologic bone remodeling is an 

ongoing cyclic process consisting of bone formation by osteoblasts and bone resorption 

by osteoclasts. Abnormalities in either process or an imbalance between the two are 

thought to account for metabolic bone disease.  It has been suggested that glycemic 

control is essential to preventing decreases in bone quality, and that the microvascular 

and macrovascular events associated with diabetes play a key roll in this process [19]. 

These basic processes of hemostasis, inflammation, proliferation and remodeling are 

known to be adversely affected in patients with diabetes due to a combination of hypoxia, 
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dysfunctional angiogenesis, dysfunctional fibroblast function and decreased host immune 

resistance [20].  

Numerous in vitro and in vivo studies have documented the effects of 

hyperglycemia on bone formation and osteoblastic cells. Hyperglycemia results in the 

accumulation of advanced glycation end products (AGEs), which affects the structure of 

collagen resulting in a compromised organic bone matrix quality [21, 22]. These AGEs 

may also reduce osteoblast proliferation and function and increase osteoclast-related bone 

resorption leading to an overall deterioration in bone quality [23, 24]. Further evidence 

for the adverse effect of hyperglycemia on osteoblasts has been demonstrated in a study 

by Levinger et al on osteoblast function. Levinger et al performed in vitro studies using 

primary human osteoblasts where high glucose levels have been shown to suppress 

osteoblast cell function [25]. Hyperglycaemia has been shown to reduce the rate of bone 

formation markers including osteocalcin, bone-specific alkaline phosphatase and 

procollagen type 1 N- terminal propeptide, as well as markers of bone resorption 

including serum C-terminal telopeptide of collagen type I (CTX). Increased levels of 

serum osteoprotegerin (OPG), an inhibitor of bone resorption, was also reported 

following hyperglycemia [26]. 

 In contrast, while there have been some interesting findings that support 

alterations in osteoclastic activity in direct relation to hyperglycemia, the findings are not 

unequivocal. Contrary to the role of AGE’s are thought to play, it is postulated that 

hyperglycemia may also play a negative role in osteoclastogenesis, inhibiting bone 

resorption. Differentiation	of	embryonic	stem	cells	into	osteoclasts	is	in	part,	

regulated	by	physiological	glucose	levels,	and	hyperglycemia	could	impair	this	
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process.	Most	of	the	in	vitro	studies	have	demonstrated	that	high	glucose	

concentrations	reduce	RANKL	concentration,	nuclear	factor	κ	B	(NF-kB)	activity,	

cathepsin	K	and	reduced	tartrate-resistant	acid	phosphatase	(TRAP)	activity	[27].		

Tanaka et al used murine macrophage cells to demonstrate the effect of hyperglycemia on 

osteoclastogenesis, and concluded that hyperglycemia significantly suppresses RANKL 

mediated osteoclast differentiation [28]. However, most	of	diabetic	animal	models	

show	an	increased	osteoclast	activity	supported	by	elevated	TRAP,	cathepsin	K	

activity,	and	RANKL	levels,	that	may	lead	to	impaired	mineralization	further	

contributing	to	the	confusion	when	attempting	to	identify	hyperglycemias	roll	in	

bone	resorption,	formation,	and	turnover	[27].	

Some recent studies have offered insight, albeit limited, into diabetes effect on 

bone quality. A study by Burghardt et al suggests that in terms of bone mass, cortical 

bone is more profoundly affected in diabetics, with resultant increased cortical porosity, 

while the trabecular bone is left relatively intact [29]. A similar preference for cortical 

bone reduction compared to trabecular bone reduction was noted around dental implants 

placed in the rat tibia [30]. These preliminary findings that cortical bone is affected in 

diabetics could be another explanation as to why a drop in stability is seen in Oates and 

Ghiraldini’s studies, as cortical bone helps to provide initial (primary) implant stability. 

Since little is known about diabetes impact on bone quality, much less its effects 

on peri-implant bone or implant stability; further human studies are necessary to truly 

understand the impact of glycemic control on patients being treated with dental implants. 

While the literature has long declared hyperglycemia as a contraindication to implant 

therapy, a closer look at the literature by Oates et al in 2013 identified critical 



	 7	

deficiencies undermining the interpretability of earlier findings [2]. This report showed 

that survival rates are highly varied, and most studies lacked clear information regarding  

glycemic control. More recent studies on implant survival having greater clarity 

regarding the glycemic status of patients have failed to identify a link between glycemic 

control and implant survival [11]. These preliminary studies have demonstrated important 

compromises in implant integration in direct relation to poor glycemic control.  These 

findings showed diabetic patients have a greater decrease in stability as measured by 

resonance frequency analysis, in the early phases of implant healing (1-4 months) when 

compared with healthy controls and well controlled diabetic patients. These patients also 

have significant delays in implant integration when compared to well-controlled patients 

and non-diabetic patients  [10].  

 It is the intent of this study to investigate the crucial 4-month healing period 

following surgical placement of dental implants prior to functional loading, as this time 

period has been indicated to show the greatest difference between healthy controls and 

poorly controlled diabetic patients. Knowledge gained from this study will extend our 

preliminary findings and our understanding of the biologic effects of hyperglycemia on 

implant integration.  This investigation will allow us to begin to characterize the effect of 

diabetic status on bone quality, foster subsequent research hypotheses, as well as provide 

support for evidence-based recommendations for implant placement in diabetic patients.  
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II. Methods   

This study is based on data obtained from a previous study, performed at the School of 

Dentistry, University of Texas Health Science Center at San Antonio (UTHSCSA).  This 

single-center, prospective, cohort study set out to determine the effects of glycemic 

control on implant related outcomes in patients with mandibular implant supported 

overdentures. All patients were recruited at the School of Dentistry, University of Texas 

Health Science Center at San Antonio.  

 

A. Inclusion Criteria 

All patients were 25 years old or older, and edentulous requiring two mandibular dental 

implants for an implant supported mandibular overdenture. Patients were classified based 

on medical diagnosis for type 2 diabetes at the time of enrollment via the patients’ 

medical records at the time of enrollment. Participants were included who did not have 

diabetes, and had an HbA1c level that was less than 5.9 percent or a fasting blood glucose 

level that was 100 mg/dL or lower.  The study utilized a single Clinical Laboratory 

Improvement Amendments– certified commercial laboratory to measure HbA1c values. 

Medical management of diabetes by means of diet, oral hypoglycemic agents, insulin or 

combination therapy was allowed. Patients height, weight, waist circumference, and 

blood pressures were also recorded. Implant sites were limited to the anterior mandible, 

and had sufficient bone to facilitate placement of 4.1 millimeter diameter implants with a 

length of 8-12mm.  Participation was also limited to patients with sites that had a 

minimum of 4 months healing time post extraction prior to implant placement. 



	 9	

Participants were also required to have acceptable complete maxillary and mandibular 

dentures for a minimum of 6 months.  

 

B.    Exclusion Criteria 

Criteria for exclusion from the study included HbA1c levels of greater than 12 percent at 

the time of screening and systemic conditions other than type 2 diabetes that were 

considered to be a contraindication to implant therapy. Patients receiving anti-resorptive 

drug therapy, pregnant women, patients with a self-reported smoking habit, patients with 

untreated oral infections, patients with viral or autoimmune disease, implant sites that 

underwent bone-grafting procedures involving use of autogenic or allogeneic materials 

within one year of the study or implant sites that had undergone alloplastic grafting 

procedures were also excluded from the study.  

 

C.    Implant Therapy 

Patients were provided with two transmucosal dental implants (4.1-mm diameter and 8-, 

10- or 12-mm length, (SLActive, Straumann, Basel, Switzerland) in the anterior mandible 

(canine and incisor region) to support a mandibular overdenture.  Implant length was 

determined at the time of the surgery by the surgeon, and when existing bone permitted 

the same length implants were placed on both sides. Implants were placed using standard 

surgical protocols by multiple clinicians, including residents and faculty members at 

UTHSCSA under the supervision of the primary investigator (PI; T.W.O.). The surgeon 

and PI made clinical assessments jointly regarding bone type at implant placement, 

according to a four-tiered scale: high density (type I), moderate density (type II), low 
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density (type III) and very low density (type IV) [31].  Following implant placement, 

transmucosal healing abutments were placed and the denture base was adjusted to have 

no contact with the implants. Post-operative prescriptions consisted of an antibiotic 

regimen consisting of amoxicillin (500 mg) or clindamycin (150 mg) three times per day 

for seven days and chlorhexidine gluconate (0.12 percent) mouthrinse twice a day for two 

weeks. Following a four-month healing period the implants were restored with two 

locator attachments to engage the denture base.  

 

D.    Study Procedures 

Two calibrated examiners who were masked to the diabetic and glycemic status of the 

patients measured all implant-related outcomes. Implants were assessed over a four-

month healing period after placement and prior to implant restoration. Implant survival 

was defined as implants lacking peri-implant radiolucency, signs of clinical mobility, 

pain or any other signs of failure of the implant to integrate at four months facilitating 

removal of the implant [32]. Implant stability at each study visit was assessed via two 

readings each from a parallel and perpendicular direction in relation to the alveolar ridge 

using RFA to determine the implant stability quotient (ISQ) (on a 0-100 scale, with 

higher numbers indicating greater stability) (Osstell ISQ Meter, Osstell, Gothenburg, 

Sweden) in accordance with the manufacturer’s protocol. Venous blood samples were 

taken by the examiners at the enrollment for measurement of HbA1c to determine 

eligibility for participation in the study. Blood draws were also taken within two weeks 

prior to or at implant placement (baseline), two months after surgery, four months after 

surgery (implant loading). Investigators assessed implant-related biological complications 
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at each study visit. These complications included any sign of infection such as pain, 

swelling or exudate that did not require removal of the implant, but may have been 

sufficient to warrant antibiotic or other therapeutic intervention or change in clinical 

management procedures. 

 

E.    Statistical analysis 

Implant Stability was normalized over each time point (2, 3, 4, 6, 8, 10, 12, 16 weeks) by 

calculating the relative change from baseline for each implant site and each patient.  

Implant stability was analyzed for associations with HbA1c categories (0: <5.9%, 1: 6.0-

7.9%, 2: 8.0-9.9%, 3: >10%) based on percent HbA1c at the time of implant surgery and 

time following implant placement (Baseline, 2, 4, 6, 8, 12, 16 weeks) using analysis of 

variance for repeated measurements.  Contrasts among means following the analysis of 

variance were analyzed using Bonferroni multiple comparison procedure.  Time to 

healing was determined as the time point at which the implant stability returned to the 

baseline level of stability. 

As bone type at implant placement is directly related to implant stability levels, a 

Pearson’s chi-squared test of homogeneity was performed to assess relative distributions 

of bone types across HbA1c categories.  Differences in distributions of bone type and in 

mean baseline stability levels between HbA1c categories required normalization of RFA 

measurements relative to baseline RFA measurements to allow for comparative 

assessments of changes in implant stability over time for each patient. 
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III. Results  
A.    Patients 

This study initially included 165 patients, of which 4 were not included as they enrolled 

in the study, but treatment was never initiated. The final study population consisted of 

161 patients (322 implants) that completed the study period of 16 weeks. Of those 

patients 53 percent were females and 47 percent were males. The age of study 

participants ranged from 38 to 85 years of age, with a mean age of 64 years. BMI was a 

calculated for each patient revealing a mean BMI of 31.76 with a standard deviation of 

7.19. BMI was shown to be statistically different between groups with anywhere from 2-

4 unit increase with increasing HbA1c levels. Of the three diabetic groups, only group 1 

(well controlled diabetics) showed a statistically different BMI from healthy controls 

likely due to the lower number of participants classified in groups 2 and 3.  Table 1 

shows the demographic information summarized with averages and percentages of the 

population. 

Age	 Sex	
Weight	
(avg.)	

Waist	
Circ.	

Baseline	
HbA1c	

Taking	
insulin	

Taking	Oral	
Diabetes	Meds	

Bone	
Type	

64.10	
years	

53%	
female	

192.81	
lbs.	

42.21	
in.	 6.80%	 20%	 56%	

2.09	
(mean)	

Table 1. Summery of the demographic information collected from participants. 

 Patients were also classified as being diagnosed with diabetes or not being 

diagnosed. The study population consisted of 102 patients (62%) who entered the study 

diagnosed as having type 2 diabetes, their mean HbA1c level was 7.4% with a standard 

deviation of 1.56%, and a minimum and maximum HbA1c level of 5.2% and 11.5% 

respectively.  The remaining 62 patients (37%) had no previous diagnosis of diabetes and 

had a mean HbA1c level of 5.76% with a standard deviation of 0.31%, and a minimum 
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and maximum level of 5 and 6.9 respectively. Patients were placed into the previously 

defined groupings based on their HbA1c values regardless of being diagnosed as diabetic 

or not. Figure 1 shows the distribution of HbA1c values amongst the study participants 

indicating that the majority of the participants in the study were within healthy control 

group or the well-controlled diabetics.  

	
Figure 1. Showing the distribution of HbA1c values amongst patients included in the study. Figure 1 
shows that the majority of patients in the study are in the healthy to well controlled groups.  
 

Figure 2 on the following page shows the normalcy of the distribution and skewness of 

the data in order for the repeated measures analysis of variance (ANOVA) to be 

performed. The figure demonstrates a normal curve and distribution in the change in RFA 

readings (stability) from the baseline measurement validating the use of parametric 

analysis including ANOVA in determining statistical significance between the groups in 

the study. 
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Figure 2. shows the normal distribution of data collected from the baseline measurement allowing for and 
validating  
 
All implants used in the study as stated earlier were the same 4.1mm diameter implants 

and varied only in length. Of the 322 implants placed in the study 16% were 8mm, 73% 

were 10mm, and 11% were 12mm in length. Table 2 further breaks down the percentages 

of implant lengths by study group. 

Implant	Length	 Group	0	 Group	1	 Group	2	 Group	3	
8	 19%	 9%	 27%	 31%	
10	 69%	 78%	 70%	 67%	
12	 12%	 3%	 4%	 2%	

Table 2. percentages of implant lengths used according to study group 

B.    Implant Stability	

Implant stability as stated earlier was assessed at baseline and every two weeks following 

implant placement via Resonance Frequency Analysis with the Osstell instrument to 

obtain numerical values in the form of an Implant Stability Quotient (ISQ). Each group 

was then assessed over time; this can be seen graphically in figure 3. One can see that 

each implant shows an initial decrease in stability from baseline or primary stability with 
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the greatest drop being from the 2-4 week time point for most patients, with the low point 

of stability for the poorly controlled group at 6 weeks. Figure 3 demonstrates that when 

evaluating the changes in implant stability over the 16-week period there were 

statistically significant differences relative to HbA1c and time.  

Figure 3.  line graph demonstrating the mean HbA1c values over the 16 week time period.  
 
Analysis of variance of the mean RFA’s showed a statistically significant difference 

between HbA1c groups (P<0.01). It must be noted that each group had vastly different 

starting RFA values that could confound these results. However, without normalizing 

these values to account for the different baselines, a trend toward significance can be 

noted between group 3 and group 1 (P<0.009).  In order to account for the different 

baseline RFA values between groups, change in RFA was utilized rather than mean RFA 

values to assess differences between groups. 



	 16	

Mean change in RFA was shown to be statistically significant between HbA1c 

groups (P<0.0001).  Individually mean change in RFA from baseline was also 

statistically significant with group 0 having a mean change of 1.467 (P<0.0001), Group 1 

with a mean change of 0.983 (P<0.0001), group 2 with a change of 0.409 (P<0.05) and 

finally group 3 with a mean change of -2.034 (P<0.001).  Figure 4 shows the mean 

change in RFA by group (HbA1c category) over all time points demonstrating the 

statistical significance of all groups relative to baseline.  

 
Figure 4. Mean change in RFA by group over the 16 week period. Groups 0,1, and 2 show an average 
increase in RFA while group 3 demonstrates a negative change.  
 
Between group comparisons also showed that group 2 demonstrated a statistically 

significant difference from group 0 (P<0.05), while group 3 (poorly controlled) showed a 

statistically significant difference from all other groups (P<0.001).  This significant 

difference of group 3 can be seen in Figure 5 which represents the mean change in RFA 
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of each group over the 16 week period. Group 3 can be seen to have the largest negative 

change, accounting of its mean negative value as seen in figure 4. 

 

 
Figure 5. This graph represents the mean change in RFA over the 16 week period. Note the drastically 
larger negative change in RFA values for group 3 represented by the large dip to the negative in the graph. 
 
 Groups 2 and 3 (HbA1c >8%) were then separated out and analyzed separately 

for change in RFA over the 16 week time period. Figure 6 demonstrates the change in 

RFA values correlated to time and HbA1c analyzed week by week for statistical 

significance. When correlation coefficients are calculated for each week, a negative 

correlation was noted, meaning as time increases RFA values decrease. This can be seen 

visually in the scatter plot figure 6.  

All groups demonstrated a decline in implant stability initially before returning to 

baseline, and by simply calculating the mean time it takes for each group to return to 

baseline we begin to see a distinct trend as indicated in Table 3. Table 3 illustrates that 
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with increasing HbA1c levels, and therefore less glycemic control, a positive relationship 

with time to return to baseline stability is observed. This can be seen with the increased 

number of weeks it takes for each group to return to the baseline measurements. The time 

required for stability to return to baseline in poorly controlled patients was approximately 

double that of what was seen in the healthy controls. 

 

 Implant lengths were also recorded and assessed with respect to mean RFA values 

as well as change in RFA values. When analyzed implant length had a statistically 

significant effect on mean RFA readings ( P<0.0001) with a strong positive correlation 

coefficient of 0.39, meaning that when implant length increased RFA values increased. 

When assessed with respect to change in RFA, implant length had no significant effect 

(P<0.23). 

 

 

Table 3. shows the mean time each group took for implants to return to baseline stability indicating that 
there is a difference amongst HbA1c groupings.  
 

 

Group	 0	 1	 2	 3	
Return	to	Baseline	Stability	
(Weeks)	 5.14	 6.6	 8.17	 11.5	
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Figure 6.  Scatter plot showing the negative correlation per week of observation 
 
 
 Bone type was also recorded as determined by the surgeon and PI jointly. This 

was done according to a four-tiered scale: high density (type I), moderate density (type 

II), low density (type III) and very low density (type IV). The distribution of bone types 

was found to be significantly different relative to HbA1c categories (p<0.001).  Type 2 

bone was the most frequent in each of the HbA1c categories, ranging from 46% in the 

HbA1c group <6%, to 70% in the A1c group 8.0-9.9% (Table 4).  The well-controlled 

group and most poorly controlled groups had 52% and 53% of cases with type 2 bone, 

respectively.  Type 3 bone was next most commonly seen, ranging from 21% in HbA1c 

group <6% to 32% in A1c group >10%. 
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Table 4: The distribution of bone type (%) across study groups (HbA1c category). 

 

IV. Discussion 

Poor glycemic control has been considered a relative contraindication to implant 

therapy for many years now, and as there is a significant portion of the United States 

affected by this disease (12-14%) with 95% of cases consisting of type 2 diabetes, it has 

become a focal point for oral and systemic health [1, 26, 33]. Large portions of these 

affected individuals have trouble maintaining their glycemic control potentially denying 

them implant therapy critical to their masticatory function.  These compromises in 

function may be critical to their overall dietary management, with masticatory 

dysfunction possibly perpetuating a cycle of poor glycemic control. Over the past few 

decades increases in screening for diabetes, has seen the number of undiagnosed diabetics 

decrease, while worldwide the over all number of diabetics patients has continued to 

increase [1, 34]. Additionally, an aging population may contribute to increasing numbers 

of diabetic patients [34]. Taking what we know from longitudinal studies about 

HbA1c 

Category 

Bone Type 

 1 2 3 4 

0 29.87% 46.47% 20.90% 2.77% 

1 21.29% 52.16% 22.24% 3.31% 

2 5.25% 69.63% 22.60% 2.51% 

3 13.19% 49.31% 31.94% 5.56% 
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progression of periodontal disease as well as tooth loss, one can only assume that this 

aging population would also be at an increased need for definitive oral rehabilitation.  

Given the inconsistencies in the current body of literature addressing diabetes effects on 

dental implants as well as the disease’s affect on bone healing and turnover, it is difficult 

to draw meaningful conclusions pertaining to treatment protocols.  

In this study we assessed the change in the stability of transgingival dental 

implants placed in diabetic patients of varying glycemic control as assessed by HbA1c 

levels including healthy controls. The implant stability was measured at multiple intervals 

utilizing Resonance Frequency Analysis (RFA) with the Osstell instrument in order to 

obtain an Implant Stability Quotient (ISQ). Findings from this study, consistent with 

other studies, indicate that diabetes elicits its greatest effect in poorly controlled 

individuals during the crucial early healing period of implant integration [10]. This was 

demonstrated during the first 6 weeks by the significant drop in ISQ readings for those 

individuals with poorly controlled diabetes as seen in figures 4 and 5. The drop in implant 

stability was also seen to be negatively correlated to HbA1c levels, meaning as HbA1c 

increased, implant stability decreased. Compared to healthy controls the higher HbA1c 

groups took up to twice as long to return to baseline RFA readings. This two-fold delay 

in implant integration in patients with poor glycemic control is consistent with two 

previous studies (Oates et al 2009; 2014).  While there appears to be consistent delays in 

integration, the protocols employed appear capable of managing any compromises to 

implant survival that these delays may entail.   

Implant length also had a significant effect on mean RFA readings with a strong 

positive correlation, meaning as implant length increased mean RFA values increased.  
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However, implant length had no significant effect on change in RFA. These findings do 

support the use of RFA in assessing implant stability as a snapshot perspective, but more 

importantly, these findings also reinforce the value of the longitudinal assessments of 

implant stability over time as reflecting the biologic processes of integration. 

Our findings indicate that individuals with HbA1c levels greater than 8% show 

alterations in the biologic activity involved in implant integration leading to compromises 

in implant stabilization that is directly correlated to HbA1c level. Diabetes has been 

shown in animal models to increase the expression of mRNA for such cytokines as TNF 

alpha, M-CSF, RANKL, and VEGF, all of which are known to increase osteoclastic 

activity and bone resorption [13]. This increased expression of osteoclast promoting 

cytokines is consistent with the pronounced drop in implant stability seen early on in this 

study.  

 This study is only the second study to specifically examine the initial implant 

integration period for patients with diabetes.  The findings of this study reinforce and 

extend the findings of a smaller pilot study evaluating this healing period. The initial 

change in RFA as well as prolonged time to return to baseline with higher HbA1c groups 

is consistent with a previous study conducted by Oates et al. thereby confirming its 

results expanding their validity by utilizing a larger number of patients    

BMI was calculated for each participant in the study, as it is well documented that 

obesity is correlated with development of type 2 diabetes. The mean BMI for this study 

was 31.76. When analyzed, BMI was shown to be significantly different between groups 

as expected for this disease condition, with anywhere from 2-4 unit increase for patients 

become increasingly uncontrolled. With the relatively high mean BMI found in this study 
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one can assume the majority of patients are at a minimum overweight, however when 

looking at the HbA1c of patients not diagnosed with diabetes, one can clearly see a range 

of values as high as 6.9 suggesting that some patients enrolled in the study were 

undiagnosed with diabetes. This is important in evaluating previous studies that have 

simply placed individuals into well controlled and poorly controlled groupings based on 

patient self-report.  As the primary hypothesis for this study is to assess the effects of 

hyperglycemia, rather than diabetes status, on implant integration, these patients were 

classified according to their baseline HbA1c levels.  

Due to the design of this study, the results obtained only apply to the specific 

protocols used as far as time that was waited before the prosthetic phase and 

postoperative medication regimen used. Due to the time allowed for integration in this 

study, which is twice as long as may be allowed normally, we can not assess how loading 

the implants would affect the findings. Implants were placed primarily in the anterior 

mandible, which as a general rule has the best quality bone present in the oral cavity with 

regards to density and initial stability of implants. This could affect the results giving a 

higher baseline stability reading and possibly preventing drops in stability in the better-

controlled groups that may be seen in other areas of the oral cavity with poorer quality 

bone. Again, the implants placed in this study were to support an overdenture which 

provided the easiest means of standardizing the positions the implants were placed in the 

mouth, however, in general the majority of implant cases performed are single implants 

to replace a single missing tooth. Adding to the limitations of this study, the patients 

included in the study were not matched for age or sex from test to control groups. 
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In conclusion, the results of this study indicate that early bone healing and implant 

stabilization are directly related to glycemic control.  These findings are consistent with 

previous preliminary findings, reinforcing their value in consideration of the use of dental 

implant therapy for patients with diabetes.    This study contributes to our understanding 

in the development of appropriate implant protocols for the treatment of patients with 

diabetes. 
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