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Abstract   
 

Title of Thesis: Retrospective Analysis of the Impact of Diabetes on Implant Success 
 
Kara Achille Schmick, Master of Science in Biomedical Science, 2017 
 
Thesis Directed by: Dr. Mary Elizabeth Aichelmann-Reidy 
 
 

Purpose: The aim of this retrospective study is to investigate implant success and 

bone loss in diabetic patients when compared to non-diabetic patients at the University of 

Maryland School of Dentistry. 

Materials and Methods:  The electronic health record database and radiographs 

were reviewed for diabetic and non-diabetic patients receiving implants between 2011 

and 2016.  One or two implants per patient were selected.  

Results:  62 diabetic patients and 70 non-diabetic patients were included in the 

study to make up a sample of 203 NobelBiocare implants.  Patient age, gender, medical 

history, dental history, and implant history were recorded.   

Conclusions: Diabetics exhibited significantly greater thread exposure than non-

diabetics, controlling for patient age, smoking status, and months from implant 

placement.  Smokers exhibited significantly greater thread exposure than nonsmokers, 

controlling for patient age, diabetic status, and months from implant placement. 
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Retrospective Analysis of the Impact of Diabetes on Implant Success  
 

Introduction 

Background: 

 

Dental implants are a common choice for the replacement of missing teeth.  

Osseointegration of screw shaped titanium implants allows for the replacement of 

missing teeth by the implant forming direct contact with the bone and transferring the 

load to the bone (Branemark, 1983).  The presence of underlying systemic conditions 

such as smoking, radiotherapy, diabetes, and osteoporosis may influence the provider’s 

decision to recommend implant therapy.  Insulin dependent diabetes mellitus type I (type 

1) is caused by an autoimmune reaction destroying the β cells of the pancreas, leading to 

an insufficient production of insulin.  Non-insulin dependent diabetes mellitus type II 

(type 2) is resistant to insulin in combination with incapacity to produce additional 

compensatory insulin.  Diabetes has classically been reported to increase periodontitis 

and tooth loss, delay wound healing, impair response to infection, cause microvascular 

changes, neuropathy, retinopathy, and nephropathy (Mealey, 1999).  Impaired 

osseointegration, increased risk of peri-implantitis, and higher levels of implant failure 

have been reported in the diabetic patient (Buser, 1997).   

In 2014 Chrcanovic published a systematic review on diabetes and oral implant 

failure.  A meta-analysis of 14 studies (seven controlled clinical trials and seven 

retrospective analyses) found no significant difference in implant failure rates of diabetics 

and non-diabetics.  Two studies included found a significant difference in the amount of 

implant bone loss of diabetics favoring non-diabetic patients.   Only three studies 

reported on post-operative infection.  There was insufficient data to perform analysis 
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amongst the studies.  The results of this systematic review must be interpreted with 

caution due to the lack of control for smoking, age, periodontitis, systemic disease, type 

of diabetes, or level of glycemic control (Chrcanovic, 2014).  Another recent meta-

analysis of seven studies by Shi 2016 failed to show a difference in failure rates between 

groups of well-controlled and not well controlled patients with type 2 diabetes.  Well-

controlled was described as a having a glycosylated hemoglobin (HbA1c) of <8%, and 

not well controlled was defined by a HbA1c in the range of 7-13.8% (Shi, 2016).  Shi 

2016 recorded patient age and value of HbA1c but did not report controlling for 

confounding factors in the study.  Shi 2016 also did not account for the overlap in the 

range of HbA1c of 7-8%, which could have been included in either group.  In a meta-

analysis of 51 studies with more than 40,000 implants, Chen 2013 found no significant 

impact of diabetes on implant failure when controlling for smoking, radiotherapy, 

diabetes, and osteoporosis.  However, there is no mention of specification of type of 

diabetes or the level of diabetic control.  Oates 2013 in a review of 16 studies wrote that 

there is no current consensus on the rate of implant failure in the diabetic patient.  Dental 

implant failures in the diabetic patient have been reported at varying rates ranging from 

0-14% (Oates, 2013).  Another study by Oates in 2014 evaluated Implant Stability 

Quotient (ISQ) over time and failed to show that elevated glycemic levels as high as 

13.3% had a significant effect on implant survival over a one year post loading period in 

patients with type 2 diabetes.  This was a cohort study where all of the patients received 

two mandibular implants for an implant-retained overdenture, and none were immediate 

implants.  The exclusion criteria included smoking, history of bisphosphonate use, 

pregnant women, untreated oral infection, and grafted sites. 
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Late bone loss has been described as peri-implantitis (Rosen, 2013).  Froum 2012 

developed a classification system for peri-implantitis as early, moderate, or advanced.  

Early is defined as probing depth ≥ 4 mm (bleeding and/or suppuration on probing of two 

or more aspects of the implant) and bone loss of <25% of the implant length measured 

from time of prosthesis loading to current radiograph.  Moderate is defined as probing 

depth ≥ 6 mm (bleeding and/or suppuration on probing of two or more aspects of the 

implant) and bone loss of 25-50% of the implant length measured from time of prosthesis 

loading to current radiograph.  Advanced is defined as probing depth ≥ 8 mm (bleeding 

and/or suppuration on probing of two or more aspects of the implant) and bone loss of 

greater than 50% of the implant length measured from time of prosthesis loading to 

current radiograph (Froum, 2012).  A previous study by Roos-Jansåker 2006 identified 

peri-implantitis as defined by bone loss of ≥ 3 threads, when comparing the radiographs 

taken at the time of restoration with a one year follow up radiograph, combined with 

bleeding on probing and or suppuration.  The prevalence of peri-implantitis, depending 

on the definition, ranges from 11.3-47.1% (Koldsland, 2010) and more recently in the 

range of 19-65% (Derks, 2015).  In diabetics, a higher frequency of failure or loss of the 

implant, early implant infection, radiographic evidence of bone loss around the threads of 

the implant and the development of peri-implantitis has been reported (Chrcanovic, 

2014).  In addition to diabetes many other factors have also been identified as 

confounding factors influencing the failure rates, infection, and bone loss around dental 

implants.  Previous studies have investigated the following variables: age, implant site, 

diabetic status, smoking history, cardiovascular disease, osteoporosis, bisphosphonate 

history, neoplastic treatment history, periodontitis, prior endodontic treatment of the site, 
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periapical radiolucency, number of remaining teeth, number of dental implants, history of 

site development, history of bone grafting at time of implant placement, how the implant 

was restored, time of implant placement, submerged or non-submerged placement, or 

reflection of a flap as confounding factors that may influence implant failure, risk of post 

surgical infection, or bone loss around the implant (Moy, 2005, Zupnick, 2011, 

Mombelli, 2006, Chen, 2013, Klokkevold, 2007, Montoya-Salazar, 2014, Knöfler, 2016, 

Yadav, 2016). 

  

Health History and Demographic Contribution to Implant Failure 

a) Age 

Age has been found to be a risk factor for implant failure.  The relative risk for 

patients in the 60-70 years age range was 2.24 compared to patients under 40 years of age 

when controlling for gender, implant location, bone quality, bone volume, and medical 

history (Moy, 2005).   

b) Gender 

Zupnick 2011 reported an odds ratio of 4:1 in males compared to females 

associating gender to implant failure. Moy 2005 found no significant association between 

gender and implant failure when controlling for age, implant location, bone quality, bone 

volume, and medical history. 

c) Diabetes  

De Araujo Nobre 2016 reported an implant survival rate of 80% in type I 

diabetics and 90% in type 2 diabetics.  Some studies have focused on type 2 diabetes and 

others have combined type 1 and type 2 into the same group.   Caution should be taken 
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when combining type 1 and type 2 diabetics as they are different diseases that may have 

different mechanisms for affecting osseointegration.   Early bone healing and implant 

stability may be affected by hyperglycemia.  Decreased levels of implant osseointegration 

have been found in hyperglycemic animals with untreated type 1 diabetes (Siqueira, 2003 

and de Morais, 2009).  However, the effects of type 2 diabetes on bone turnover remain 

uncertain (Oates, 2013).  One possible mechanism suggested in a rat study found 

Metformin, an oral anti-hyperglycemic drug, associated with lower bone to implant 

contact, negatively impacted osseointegration, and increased the expression of RANKL 

(Bastos, 2016).  RANKL elevation signified an increased osteoclast differentiation and 

activation (Bastos, 2016).  Chronic hyperglycemia produces a state of chronic 

inflammation that may result in bone resorption and inhibit normal osteoblastic formation 

(Mallado-Valero, 2007).  The post-operative immunosuppressed state may impair wound 

healing, and the diabetic may be more at risk for infection (Abiko and Selimovic, 2010). 

A previous resident study at Harvard University reported that dental implants were 2.59 

times more likely to fail in patients with diabetes (a combined type 1 and 2 classification) 

than in patients without diabetes (Zupnik, 2011).  Moy 2005 reported an implant failure 

rate relative risk of 2.75 for diabetics when controlling for age, gender, implant location, 

bone quality, bone volume, and medical history.  Diabetic failures often occur early, and 

when blood glucose was well-controlled, failure rates were similar to non-diabetics 

(Mombelli, 2006.)  Reports from Chrcanovic 2014, Shi 2016, Oates 2013, and Bornstein 

2009, report no differences in failure rates between diabetics and non-diabetics.  Implant 

success in the diabetic patient remains unclear in the literature. 
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d) Smoking 

Smoking has been found to significantly increase implant failure rate from 4.76% 

in nonsmokers to 11.28% in smokers (Bain, 1993).  Moy 2005 found a correlation 

between smoking and implant failure with relative risk of 1.56 when controlling for age, 

gender, implant location, bone quality, bone volume, and medical history.  Chen 2013 

found a smoking relative risk of 1.92 between smoking and implant failure when 

controlling for radiotherapy, diabetes, and osteoporosis.  Smokers are at increased risk for 

developing peri-implantitis with a reported odds ratio in the range of 3.6-4.6 (Cochran, 

2013).  Additionally, implant complications have also been reported at a higher rate in 

smokers than non-smokers (Schwartz-Arad, 2002).  Marginal bone loss around implants 

in smokers has been found to be up to three times greater than marginal bone loss around 

implants in non-smokers (Lindquist, 1997).  Smoking negatively affects wound healing 

by impairing polymorphonuclear leukocytes, decreasing blood flow, and decreasing 

blood oxygenation (Kenney, 1977, Baab, 1987, Krueger, 2001).  

e) Cardiovascular Disease  

Moy 2005 found no association with coronary artery disease and implant failure 

when controlling for age, gender, implant location, bone quality, bone volume, and 

medical history (Moy, 2005). 

f) Osteoporosis/Bisphosphonate Use 

There has been a low reported association between osteoporosis and implant 

failure (Bornstein, 2009 and Mombelli, 2006).  Chen 2013 found a non-significant effect 

of osteoporosis on dental implant failure.  Serra 2008 suggested avoiding dental implants 

in patients with a history of intravenous bisphosphonate use and using caution in patients 
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who have taken oral bisphosphonate medication.  In a retrospective analysis of 112 

patients, all taking any form of bisphosphonate medication, there were no reports of 

bisphosphonate related osteonecrosis of the jaw, and the implant outcomes were 

comparable to those not taking bisphosphonate medication (Suvarna, 2016).   

g) Neoplastic Treatment History 

Moy 2005 found no association with chemotherapy and implant failure when 

controlling for age, gender, implant location, bone quality, bone volume, and medical 

history.  Chen 2013 found a relative risk ratio of 2.28 for implant failure in patients with 

previous radiotherapy when controlling for smoking, diabetes, and osteoporosis. 

 

Dental History and Contribution to Implant Failure 

a) Periodontitis  

In a systematic review of 13 articles and a healthy patient population, patients 

with a history of treated periodontitis were reported to have more complications and 

lower success rates compared to patients with no history of periodontitis (Klokkevold, 

2007).  A systematic review of 18 studies, where most did not control for confounding 

factors, found a previous history of treated periodontitis combined with smoking 

increased the risk of implant failure and peri-implant bone loss (Heitz-Mayfield, 2009).  

b) Previous Endodontic Treatment or Periapical Radiolucency 

 Dental implants placed in sites where the tooth received previous root canal 

therapy or periapical infection have proven to be successful.  A randomized study of 15 

patients receiving immediate implants into sites with periapical radiolucencies found no 

difference in implant outcomes to the control group after 24 months (Crespi, 2010).  A 



 8

retrospective study placing immediate implants into 18 sites with chronic periapical 

lesions found comparable results to the control group (Montoya-Salazar, 2014).  

 

Implant History and Contribution to Implant Failure 

a) Implant Site/Arch position 

 The posterior mandible has higher reported success rates (95.4%) compared to the 

reported anterior mandible success rates (94.1%); the posterior maxilla has lower 

reported success rates (86.75%) compared to the reported anterior maxilla success rates 

(87.8%) (Buser, 1997).  Therefore, the highest success rate to lowest success rate is 

posterior mandible, anterior mandible, anterior maxilla, and posterior maxilla.  Moy 2005 

reported implant failure to be 8.16% in the maxilla and 4.93% in the mandible when 

controlling for age, gender, implant location, bone quality, bone volume, and medical 

history. 

b) History of Site Development or Bone Grafting at Time of Implant Placement 

In implant sites where bone augmentation procedures were completed, implant 

survival rates were higher (96.3%) then where no bone augmentation was completed 

(94.3%) (Knöfler, 2016).  Implants placed in a poor position without a buccal plate may 

have bone loss as a result of a physiologic resorption and not necessarily due to peri-

implantitis (Froum, 2012).   

c) How the Implant was Restored/Adjacent Teeth 

 Implants may be restored by a cement-retained restoration, a screw-retained 

restoration, a locator attachment, or may be unrestored.  Residual cement may contribute 

to inflammation in the peri-implant tissues and lead to peri-implantitis (Wadhwani, 
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2010).  Single crown implants with adjacent teeth have been found to have higher 

survival rates (98.8%) when compared to overall implant survival of 95.5% (Knöfler, 

2016). 

d) Time of Implant Placement 

 Immediate implants are placed into dental sockets at the same time as tooth 

extraction, immediate delayed or early implants are placed weeks to a couple of months 

after tooth extraction, and delayed implants are those placed after the bone is completely 

healed (Esposito, 2010).   Immediate and early implant survival rates and clinical 

outcomes have been found to be comparable to those placed in healed alveolar ridges 

(Chen, 2004).  

e) Submerged/Non-submerged Procedure or Reflection of a Flap 

 Implants may be placed in a submerged (two-stage procedure) or a non-

submerged (one-stage procedure).  Ericsson 1997 found stable marginal implant bone 

levels in anterior mandibles after five years regardless of implant placement in a 

submerged or non-submerged surgical procedure.  Another variation in implant 

placement technique is the placement of the dental implant by flap or flapless surgical 

technique.  A two-year, histologic study in five domestic pigs concluded that flapless 

surgery is associated with peri-implant crestal bone preservation (Pérez‐Albacete 

Martínez, 2015).  However, a randomized clinical trial including 88 type 2 diabetic 

human patients found bone loss around dental implants following full thickness flap 

reflection comparable to crestal bone loss around implants placed by a flapless approach 

(Yadav, 2016).  
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Purpose: 

The aim of this retrospective study was to investigate implant success and bone 

loss in diabetic patients when compared to non-diabetic patients at the University of 

Maryland School of Dentistry (UMSOD).  
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Materials and Methods 

 Institutional Review Board of the University of Maryland approved this 

retrospective study (HP-00072250).  All patients who received dental implant treatment, 

American Dental Association (ADA) code D6010, at the UMSOD from September 1, 

2011 through December 31, 2016 were obtained and coincided with the date of 

introduction of electronic patient record at the UMSOD.   

The electronic health records (EHR) were screened to identify subjects for 

inclusion in this study based on the following inclusion and exclusion criteria.  

Inclusion Criteria: 1) medically healthy, or no uncontrolled systemic condition at 

the time of implant surgery 2) Nobel Biocare Ti-Unite surface bone level implants 

3) readable radiograph of implant at time of placement, and implant follow up 

radiograph of a minimum of 12 months after time of placement 4) dental history 

available in the record 

 

Exclusion Criteria: 1) uncontrolled systemic disease 2) non Nobel Biocare Ti-

Unite surface bone level implants 3) distorted or unclear radiographs of the 

implants 4) implants without follow-up intraoral radiographs of at least 12 months 

5) implant removal for reason other than failure, disease, or infection 

 

 Once the record was selected a subject number was assigned.  The data collection 

included recording the following information in a spreadsheet: 1) subject number 2) age 

3) gender (male or female) 4) implant site and arch position 5) medical history a) history 

of diabetes (none, type 1, or type 2) b) HbA1c value c) history of smoking d) history of 
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cardiovascular disease e) history of osteoporosis f) history of bisphosphonate use g) 

history of neoplastic treatment 6) dental history a) history of periodontitis b) history of 

endodontic treatment implant site c) history of periapical radiolucency at implant site d) 

reason tooth extracted (caries, endodontic reason, fracture, periodontal disease, or 

unknown) e) number of remaining teeth f) number of dental implants 7) implant history 

a) history of site development prior to implant placement b) history of bone grafting at 

time of implant placement c) how the implant was restored (cement-retained restoration, 

screw-retained restoration, locator attachment, or not restored) d) single implant with 

adjacent teeth or not e) time of implant placement (immediate implant placement, early 

implant placement at 8-16 weeks, delayed implant placement >16 weeks)  f) non-

submerged (one stage procedure) or submerged (two-stage procedure) g) flap or no flap 

at time of implant placement h) number of threads of bone loss i) months from time 

implant placed to most current radiograph where number of threads of bone loss was 

measured j) history of post surgical infection k) months when infection diagnosed l) 

history of implant loss or removal m) months when implant lost or removed. 

 Arch position was broken down into two categories, anterior and posterior.  

History of periodontitis was considered to be positive if the patient had been previously 

treated with an ADA code for scaling and root planning, if they had evidence of 

radiographic bone loss, or if there were probing depths recorded in the periodontal chart 

of >3mm (Armitage, 1999).  All available dental radiographs were reviewed to identify if 

previous endodontic treatment was completed on the tooth or if at any point there was 

radiographic evidence of periapical radiolucency.  Number of remaining teeth and 

number of dental implants was recorded based upon the most recent follow-up.  Record 
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notes were read to screen for site development prior to implant placement, which 

included evidence of a previous ADA treatment codes for guided bone regeneration, site 

preservation, or sinus augmentation.  Record notes were reviewed to determine if bone 

grafting material was placed at the time of implant placement.  Record notes were 

reviewed to determine if the implant was restored by a cement-retained restoration, a 

screw-retained restoration, a locator attachment or if the implant was not restored due to 

implant failure.  Record notes were reviewed to determine if implant placement was 

submerged or non-submerged or if the procedure involved reflection of a flap.  Number 

of threads of bone loss was measured on the most recent radiograph by counting the 

number of threads, which appear to not be submerged in bone.  Figure 1 and Figure 2 are 

included as examples of bone remodeling and advanced bone loss around NobelTapered 

implants.  Figure 1 shows an example of a NobelReplace Tapered implant with bone loss 

to the first thread after 43 months.  Figure 2 shows an example of a NobelReplace 

Tapered implant with bone loss to the sixth thread after 47 months.  Figure 3 and Figure 4 

are included as examples of almost no bone loss and moderate bone loss around 

NobelActive implants.  Figure 3 shows two NobelActive implants with no threads of 

bone loss after 52 months.  Figure 4 shows an example of a NobelActive implant with 

three threads of bone loss after 58 months.  Record notes were reviewed for any 

suggestion of development of an infection or if the implant was lost or removed.   
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Figure 1: NobelReplace Tapered implant #23 showing reasonable bone remodeling. 

a) implant #23 on day of surgery.  b) implant #23 showing bone loss to the first thread 
after 43 months.  
 
a) 

 
 
b) 
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Figure 2: NobelReplace Tapered implant #30 showing advanced bone loss. a) implant 
#30 on day of surgery.  b) implant #30 showing six threads of bone loss after 47 months. 
 
a) 

 
 
b) 
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Figure 3: NobelActive implant #5 and #6 showing almost no bone loss. a) implants #5 
and #6 on day of surgery.  b) implants #5 and #6 showing no threads of bone loss after 52 
months.  
 
a) 

 
 
b) 
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Figure 4: NobelActive implant #3 showing moderate bone loss. a) implant #3 on day 
of surgery. b) implant #3 showing three threads of bone loss after 58 months.   
 
a) 

 
 
 
b) 
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Frequency data was collected for the total population where subjects could 

contribute one or two implants.  The non-diabetic group and the diabetic group were 

characterized as follows: gender, arch position, diabetic status, type of diabetes, smokers, 

cardiovascular disease, history of osteoporosis, history of bisphosphonate use, history of 

neoplastic treatment, history of periodontitis, history of endodontic treatment at implant 

site, history of periapical radiolucency at implant site, reason tooth extracted, history of 

site development, history of bone grafting at time of implant placement, how the implant 

was restored, single implant crowns with adjacent teeth, time of implant placement, flap 

or no flap at time of implant placement, history of post-surgical infection, or history of 

implant loss or removal.  Means and standard deviation were calculated for age, HbA1c 

value, number of remaining teeth, number of threads of bone loss, and months from 

implant placement to most current radiograph.  Statistical analysis software, Statistica 

Version 13, was used to calculate a multi-level logistic regression model to evaluate the 

correlation between different variables.   
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Results 

The original search populated 2,272 patients who received dental implants (ADA 

code D6010) between September 1, 2011 and December 31, 2016.  Of these patients 

1,998 (87.94%) were non-diabetics, 244 (10.74%) were diagnosed as type 2 diabetes, and 

30 (1.32%) were diagnosed with type I diabetes.  Figure 5 represents the flowchart of 

subject selection.  For this study 100 records were screened for non-diabetic subjects and 

100 records were screened for diabetic subjects (type 1 or type 2).  30 non-diabetic and 

38 diabetic patients were screened but did not meet the eligibility criteria.  Of these 

reviewed records, 70 non-diabetic subjects met the inclusion and exclusion criteria, and 

62 diabetic subjects met the inclusion and exclusion criteria.  Of the 62 subjects selected 

with diabetes, 57 (91.94%) had type 2 diabetes, and 5 (8.06%) had type 1 diabetes.  If the 

subject had more than one implant, the implants selected for analysis were selected based 

on the following: 1) the two implants with the longest follow up measured in months and 

2) the two most posterior implants.  A total of 203 implants were included in the study.  
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Figure 5: Method for subject selection based on eligibility criteria 
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Subject descriptive demographics are reported in Table 1.  A similar number of 

non-diabetic subjects and diabetic subjects were included in the total study population.  

103 (53.20%) implants were placed in non-diabetic subjects, and 95 (46.80%) implants 

were placed in diabetic subjects.  Most of the diabetic subjects had type 2 diabetes.  Of 

the diabetic subjects, 88 (92.63%) implants were placed in patients with type 2 diabetes, 

and 7 (7.37%) were placed in patients with type 1 diabetes.  The HbA1c value was 

available for 70 out of the 95 diabetic subjects.  Population study measures are reported 

in Table 2.  The average HbA1c value of the diabetic group (type 1 and type 2) was 7.2% 

± 1.14 with a range of 5.4%-11.3%.  The mean age for both the non-diabetic and diabetic 

subjects was greater than 60 years, 61 ± 14.9 years with a range of 21 years to 91 years 

and 67 ± 10.5 years with a range of 34 years to 81 years, respectively.   

 For the non-diabetic group, relatively half of the implants were placed in male 

subjects (48%) and half in female subjects (52%).  For the diabetic subjects, more of the 

implants were placed in males (64%) than females (36%).  The arch position for most of 

the implants in the total population was posterior (74%) due to the selection criteria.  

Most of the subjects were non-smokers.  Only 13% of the non-diabetic subjects reported 

smoking, and only 11% of the diabetic subjects were smokers.  More of the non-diabetic 

subjects had no history of cardiovascular disease (60%) than had a history of 

cardiovascular disease (40%).  In the diabetic subjects significantly more had a history of 

cardiovascular disease (77%) than no history of cardiovascular disease (23%).  Overall, a 

low number of subjects in the total subject population had a history of osteoporosis (6%), 

history of bisphosphonate use (4%), or history of neoplastic treatment (9%).     



 22

 More than half of both the non-diabetic and diabetic subjects had a history of 

periodontitis, 57% and 58% respectively.  Less than a third of the non-diabetic and the 

diabetic subjects had a history of prior endodontic treatment at the implant site.  A small 

number of non-diabetic and diabetic subjects had a history of periapical radiolucency at 

the implant site.  The reason the tooth was extracted was unknown for about half of the 

non-diabetic and the diabetic subjects.  When the reason for extraction was know, history 

of fracture was the most common reason for extraction, and the second most common 

reason was caries with similar rates in both the non-diabetic subjects and the diabetic 

subjects.   

 Almost one third of the non-diabetic and diabetic subjects had site development 

prior to implant placement, and almost one third of the non-diabetic and diabetic subjects 

had bone grafting at the time of implant placement.  More implants in both the non-

diabetic and diabetic subjects were restored by cement-retained restorations than screw-

retained restorations.  A small number of implants were restored by locator attachments.  

About one third of the non-diabetic and diabetic implants were single implants with 

adjacent teeth.  Most of the implants in the non-diabetic and diabetic subjects were 

delayed placement.  Overall, more implants were submerged than non-submerged, and 

more implants were placed with the reflection of a flap.    

The average number of months of follow up from date of surgery was 28 ± 15.3 

months in both the non-diabetic subjects in the diabetic subjects.  In the non-diabetic 

group, the average number of threads of bone loss was 0.5 ± 0.81 with a range of 0-3 

threads.  In the diabetic group, the average number of threads of bone loss was 0.9 ± 1.34 

with a range of 0-6 threads.  103 (95%) implants in the non-diabetic group had 0-2 
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threads of bone loss, 3 (3%) implants had 3-5 threads of bone loss, and no implants had 

greater than 5 threads of bone loss.  75 (79%) implants in the diabetic group had 0-2 

threads of bone loss, 12 (13%) implants had 3-5 threads of bone loss, and 2 (2%) 

implants had greater than 5 threads of bone loss.   

Table 1: Subjects Descriptive Demographics (frequency and percent)  

Total 
population 
(N=203) 

Non-
Diabetic 
(N=108) 

Diabetic 
(N=95) 

Gender 
Male 113 (56) 52 (48) 61 (64) 
Female 90 (44) 56 (52) 34 (36) 

Arch Position 
Anterior 52 (26) 31 (29) 21 (22) 
Posterior 151 (74) 77 (71) 74 (78) 

Diabetic Status 

Non-
Diabetics 108 (53) X X 
Diabetics  95 (47) X X 

Type of Diabetes 
Type 1 7 (3) X 7 (7) 
Type 2 88 (43) X 88 (93) 

Smoker 
No 179 (88) 94 (87) 85 (89)  
Yes 24 (12) 14 (13) 10 (11) 

Cardiovascular Disease 
No 87 (43) 65 (60) 22 (23) 
Yes 116 (57) 43 (40) 73 (77) 

Osteoporosis 
No 191 (94) 104 (96) 87 (92) 
Yes 12 (6) 4 (4) 8 (8) 

Bisphosphonate  
No 195 (96) 106 (98) 89 (94) 
Yes 8 (4) 2 (2) 6 (6) 

Neoplastic Treatment 
No 184 (91) 95 (88) 89 (94) 
Yes 19 (9) 13 (12) 6 (6) 

Periodontitis 
No 86 (42) 46 (43) 40 (42) 
Yes 117 (58) 62 (57) 55 (58) 

Prior Endodontic 
Treatment  

No 146 (72) 78 (72) 68 (72) 
Yes 57 (28) 30 (28) 27 (28) 

Prior Periapical 
Radiolucency  

No 175 (86) 91 (84) 84 (88) 

Yes 28 (14) 17 (16) 11 (12) 

Reason Tooth Extracted 

Caries 33 (16) 17 (16) 16 (17) 
Endodontic  16 (8) 6 (6) 10 (11) 
Fracture 39 (19) 22 (20) 17 (18) 
Periodontal 
Disease 16 (8) 8 (7) 8 (8) 
Unknown 99 (49) 55 (51) 44 (46) 
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Table 1 Continued 

     

Site Development 
No 140 (69) 75 (69) 65 (68) 
Yes 63 (31) 33 (31) 30 (32) 

Bone Grafting at Time of 
Implant Placement 

No 134 (66) 71 (66) 63 (66) 
Yes 69 (34) 37 (34) 32 (34) 

Restoration Type 

Cement 109 (54) 62 (57) 47 (49) 
Screw 80 (39) 40 (37) 40 (42) 
Locator 10 (5) 2 (2) 8 (8) 
Not 
Restored 4 (2) 4 (4) 0 (0) 

Single Implant Crown 
with Adjacent Teeth 

Yes 69 (34) 37 (34) 32 (34) 
No 134 (66) 71 (66) 63 (66) 

Time of implant 
Placement 

Immediate 33 (16) 20 (19) 13 (14) 
Early (8-16 
wks) 6 (3) 3 (3) 3 (3) 
Delayed 
(>16 
weeks) 64 (32) 85 (79) 79 (83) 

Implant Protocol 

Non-
Submerged 90 (44) 50 (46) 40 (42) 
Submerged 113 (56) 58 (54) 55 (58) 

Flap 
Yes 183 (90) 96 (89) 87 (92) 
No 20 (10) 12 (11) 8 (8) 

Post-Surgical Infection 
No 193 (95) 104 (96) 89 (94) 
Yes 10 (5) 4 (4) 6 (6) 

Implant Loss or removal 
No 195 (96) 106 (98) 89 (94) 
Yes 8 (4) 2 (2) 6 (6)  

Bone Loss 

0-2 threads 178 (88) 103 (95) 75 (79) 
3-5 threads 15 (7) 3 (3) 12 (13) 
>5 threads 2 (1) 0 (0) 2 (2) 

 

Table 2: Population Study Measures (Mean ± SD)  

Total population 
(N=203) 

Non-Diabetic 
(N=108) 

Diabetic 
(N=95) 

Age 64 ± 13.5 61 ± 14.9 67 ± 10.5 
HbA1c Value (N=70) X X 7.2 ± 1.14 
# Remaining Teeth 19 ± 7.2 21 ± 5.6 18 ± 8.4 
# Threads of Bone Loss 0.8 ± 1.26 0.5 ± 0.81 0.9 ± 1.34 
Months from  
Implant Placement  28 ± 15.4 28 ± 15.3 28 ± 15.3 
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There were eight implant failures, implants either lost or removed.  Table 3 is a 

list of the eight failures, the problem that developed, and the time the implant was lost or 

removed.  Five implants developed infections but did not result in implant loss or 

removal.  Table 4 is a list of the five failures, the problem that developed, the time the 

problem was reported, and the number of threads of bone loss.    

 

Table 3: Implant failures and their clinical history 

   
 Problem Time 
1* swelling and purulence at 2 weeks lost by 0.75 months 
2 gingival abscess at 6 weeks  removed at 2 months 
3* purulence at 7 months removed at 11 months 

4* 
pain to palpation and purulence at 7 
months after stage 2 

removed at 11 months 

5 swelling and purulence at 3 weeks removed at 10 months 

6* 
radiographic bone loss at stage 2, attempt 
to do GBR, which was unsuccessful 

removed 14 months  

7* became loose and developed BOP and PDs removed at 21 months 
8* removed with a denture  lost after 24 months 
BOP=Bleeding on Probing 
PDs=Probing Depths 
* denotes diabetic subject 
 
 
Table 4: Implant infections, their clinical history, and outcomes 

 
 Problem Time Bone Loss 

(threads) 
1* treated for swelling with an antibiotic 0.75 months 0 

2* 
fistula and purulence, treated with antibiotics 
and open flap debridement 

3.5 months 
3 

3 
fistula around cover screw, early stage 2 was 
done 

5 months 
1 

4 fistula and patient couldn’t eat 8 months 1 
5* suppuration and BOP  11 months 5 
BOP=Bleeding on Probing 
* denotes diabetic subject 
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Diabetics exhibited significantly greater thread exposure than non-diabetics (r = 

0.23, p < 0.05), when controlling for patient age, smoking status, periodontitis, months 

from implant placement, and number of implants per patient.  Smokers exhibited 

significantly greater thread exposure than nonsmokers (r = 0.29, p < 0.05), when 

controlling for patient age, diabetic status, periodontitis, months from implant placement, 

and number of implants per patient.  No correlation was found between diabetes and 

periodontitis when controlling for patient age, months from implant placement, and 

number of implants per patient.  Overall, no discernible trend for infection, complication 

or implant loss could be reported since the incidence was too infrequent it appears in the 

population within the UMSOD.  However, six of eight of the failures reported were in 

diabetic subjects, and three out of five infections were in diabetic subjects. 

In non-diabetic smokers there was a correlation between number of remaining 

teeth and thread exposure (r=0.38, p < 0.05), when controlling for age, months since 

implant placement, periodontitis, and number of implants per patient.  Diabetics exhibited 

significantly greater frequency of cardiovascular disease (r = 0.31, p < 0.05), controlling 

for patient age, smoking status, periodontitis, months from implant placement, and 

number of implants per patient.  There was less bone loss for cement-retained restorations 

than screw-retained restorations (r = 0. 21, p < 0.05) when controlling for patient age, 

diabetic status, smoking status, periodontitis, months from implant placement, and 

number of implants per patient.   

 

 

 



 27

Discussion 

In this retrospective study, 134 electronic health records and radiographs were 

reviewed based on eligibility criteria.  Data extraction involved age, gender, implant site, 

medical history, dental history, and implant history.  Each subject provided one or two 

implants to the analysis.  Implants were placed in different departments throughout the 

school including oral surgery, periodontics, prosthodontics, advanced education in 

general dentistry, and faculty practice.    

The average age of the non-diabetic group (61 ± 14.9) was slightly younger than 

the average of the diabetic group (67 ± 10.5).  However, the average age of both groups 

was greater than 60 years.  Therefore, the implant population may be at a higher risk 

given that the average age is greater than 60 years (Moy, 2005). There were more females 

in the non-diabetic group and more men in the diabetic group, but when combined the 

study population ratio of males to females was 113 (56%): 90 (44%).   

The only relevant parameter that differed between the non-diabetic and diabetic 

subjects is the history of cardiovascular disease.  This is reasonable since diabetes is 

commonly associated with other chronic diseases such as cardiovascular disease.  The 

majority of diabetics included in the study reported a history of cardiovascular disease 73 

(77%), and only 43 (40%) of the non-diabetics reported cardiovascular disease.  Diabetics 

exhibited significantly greater cardiovascular disease (r = 0.31, p < 0.05), when 

controlling for patient age, smoking status, periodontitis, months from implant placement, 

and number of implants per patient.  This makes sense and validates the findings, because 

cardiovascular disease is a co-morbidity with diabetes (Mealy, 1999).  No other 

parameters were different between the two groups with respect to implant placement, site 
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development, or grafting therefore allowing for valid comparison of outcomes for implant 

placement in diabetics vs. non-diabetics.  

For comparison of bone loss between the groups, a regression analysis was 

performed controlling for patient age, smoking status, periodontitis, months from implant 

placement, and number of implants per patient.  Diabetics exhibited significantly greater 

thread exposure than non-diabetics (r = 0.23, p < 0.05), when controlling for patient age, 

smoking status, periodontitis, months from implant placement, and number of implants 

per patient.  The relationship between diabetes and periodontitis was non-significant, and 

the relationship between diabetes and tooth loss was non-significant. The average HbA1c 

value was 7.2% ± 1.14 which falls within the range (less than 8%) Shi 2016 considered 

well-controlled.  Significant bone loss was noted in the diabetic subjects despite being 

well-controlled as indicated by the HbA1c level and lack of association with periodontitis 

or tooth loss.  This implication would attest to the well-controlled medical status and 

well-maintained oral health of the study population and the diabetic patients seeking 

implant therapy at the UMSOD.  Mombelli 2006 reported that well-controlled diabetic 

failure rates were similar to non-diabetics.  The findings of this study found that well-

controlled diabetics had greater thread exposure than non-diabetics.   

The proportion of smokers in this study (13% of the non-diabetic subjects and 

11% of the non-diabetic subjects) was relatively small, but still had a significant effect on 

thread exposure.  It is interesting to note that smokers exhibited significantly greater 

thread exposure than nonsmokers (r = 0.29, p < 0.05), when controlling for patient age, 

diabetic status, periodontitis, months from implant placement, and number of implants 
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per patient. Increased peri-implantitis and increased marginal bone loss in smokers is 

consistent with other reports by Cochran 2013 and Lindquist 1997.  

In the diabetic group, 15% of the implants had thread loss of ≥ 3 threads.   In the 

non-diabetic group, only 3% had thread loss of ≥ 3 threads.  Unfortunately, probing depth 

and bleeding on probing were not included in the study. Roos-Jansåker 2006 defined 

peri-implantitis as ≥ 3 threads with bleeding on probing or suppuration at the one-year 

follow up.  If all of the implants in this study with ≥ 3 threads of bone loss did have 

bleeding on probing or suppuration, then the prevalence of peri-implantitis and the 

UMSOD would be similar to previous reports (Roos-Jansåker, 2006, Koldsland, 2010, 

Atieh, 2012, Derks, 2015).   

Cement-retained restorations are considered at greater risk for peri-implantitis and 

marginal bone loss due to excess residual cement retention (Wadhwani, 2010).  Yet, in 

the population more implants were restored by cement-retained restorations than screw-

retained restorations, 57% and 49% in the non-diabetic and diabetic groups respectively, 

Bone loss was less for cement-retained restorations than screw-retained restorations (r = 

0. 21, p < 0.05), when controlling for patient age, diabetic status, smoking status, 

periodontitis, months from implant placement, and number of implants per patient.  This 

finding may be due to a shorter follow up time and that the majority of implants at the 

UMSOD are cement-retained.  The average follow up time in this study was 28 ± 15.4 

months (2.5 years).  However, a previous meta-analysis by Lemos in 2016 of 8,989 

dental implants with a follow up range of 12 to 180 months, also found less bone loss in 

cement-retained than screw-retained restorations.  
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A limitation of the study is that the data recorded for each patient and implant is 

only as accurate as recorded by the UMSOD dental student, resident, or faculty member.  

It is possible that the medical and dental history of the patient may be inaccurate since it 

is reliant on the health and dental history interview conducted by the provider.  Details 

about dental history occurring prior to UMSOD are often lacking as they may be 

forgotten or happened many years ago.  Biotype and homecare are factors that may affect 

the results that are not available in a retrospective study.  EHR notes about the implant 

surgical procedure and follow up are only as detailed as recorded by the provider.  

Unfortunately, the HbA1c value was not recorded in the EHR for all of the diabetic 

patients.  Only 70 out of 95 diabetic patients had an HbA1c value that could be found 

from reading the record.  Another limitation is that there was no standardization of the 

radiographs used in the study to count threads of bone loss.  Therefore, the results of the 

study may underrepresent thread exposure if a radiograph was not exposed or taken at an 

angle that could not be read.  The results may also underreport information about the 

subjects’ medical history, dental history, implant history or development of infection or 

implant loss or removal if not reported by the subject or not recorded by the dental 

provider.  

NobelActive, NobelParallel Conical Connection, NobelReplace Tapered or 

Straight, and NobelSpeedy implants were included in the study.  There are innate 

differences to these three implant styles.  The threads on the NobelActive implant start 

earlier than on the NobelReplace implant.  However, thread count was used in this study 

as a measure of bone loss and millimeters of bone loss were not recorded.  The level of 

the first thread is not at the same millimeter for the different styles of implants, and the 
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spacing between the threads of the different styles of implants is not the same.  Therefore, 

thread exposure may not correlate to the same amount of bone loss between different 

implant styles.    

The subject group contained too few type 1 diabetics, and thus, trends could not 

be discerned.  The diabetic group in this study was made up of type 1 and type 2 diabetic 

subjects.  However, the way type 1 and type 2 diabetes affects osseointegration may be 

different (Siqueira, 2003, de Morais, 2009 and Oates, 2013).   

 My observation of reviewing records on follow-up of patients after implant 

placement at the UMSOD is that many patients are often not followed after completion of 

the implant restoration.  Often patients present to the UMSOD with the goal in mind of 

replacing a missing tooth or seeking a dental implant and not for comprehensive care.  

After completion of the restoration of their dental implant, they stop coming to the 

UMSOD or return to a provider outside the UMSOD.  In my review of the dental records, 

I found frequent failure of the dental provider or the dental hygiene provider to probe the 

dental implant or take follow up radiographs.  In some cases, there was only pre-

treatment periodontal charting.  In other cases there would be recent periodontal charting, 

however, the implant or implants would be skipped.  Unfortunately, I was unable to 

include in the study probing depths of the implants to help support the radiographic 

findings of threads of bone loss, because most of the time they were not available.   

Routine monitoring of dental implants is recommended for early diagnosis of 

peri-implant mucositis and peri-implantitis.  Early diagnosis, intervention and treatment 

may improve the outcome or prevent future loss of the implant.  The American Academy 

of Periodontology recommends implant monitoring include the following: 1) identify risk 
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factors associated with developing peri-implant diseases 2) establish radiographic 

baseline at the time of implant placement 3) establish clinical and radiographic baseline 

at final prosthesis insertion 4) employ methods that monitor implant health and determine 

inflammatory complications as part of an ongoing periodontal maintenance program 5) 

establish an early diagnosis and intervention, which will contribute to more effective 

management of peri-implant diseases (Cochrane, 2013).  It is recommended that a 

baseline probing of the implant be recorded after final restoration of the implant.  Probing 

can be done with a traditional periodontal probe using light force (0.25N) (Etter, 2003).  

Bleeding on probing may suggest the presence of inflammation, and increasing probing 

depth over time with bleeding warrants radiographic examination.  Baseline and follow 

up periapical radiographs should be taken perpendicular to the implant body.  

Additionally, suppuration/exudate may require further treatment (Cochrane, 2013). 
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Conclusion 

Diabetics exhibited significantly greater thread exposure than non-diabetics (r = 

0.22, p < 0.05), when controlling for patient age, smoking status, and months from 

implant placement.  Smokers exhibited significantly greater thread exposure than 

nonsmokers (r = 0.27, p < 0.05), when controlling for patient age, diabetic status, and 

months from implant placement.  
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