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ABSTRACT 
 
INTRODUCTION: Diabetes Mellitus (DM) is a systemic disease that affects large part of the population and is considered a relative 
contraindication to implant therapy. However, there are studies showing that the survival rate of implants in type-2 diabetic patients is 
approximately 90%, approaching that of non-diabetic patients. It is also shown that these results are strictly correlated with the importance of 
glycemic control to provide predictability of success rates and improve osseointegration of the implants inserted. There is no evidence whether 
controlled type-1 diabetes is or is not a risk factor for implant failure.  
OBJECTIVES: The objective of this study was to clinically and radiographically evaluate the success of implant overdenture in controlled 
type-1 diabetic patients. 
MATERIALS AND METHODS: Ten completely edentulous well controlled type-1 and ten non-diabetic patients were selected and divided 
into group I and II respectively. All patients received three implant assisted mandibular overdentures through minimally invasive flapless 
technique. Clinical evaluation of implant stability was performed using Osstell ISQ immediately after implant placement (base line), four 
months and one year after prosthesis insertion. Level of alveolar bone loss around each abutment was also evaluated using Cone Beam 
Computed Tomography (CBCT) at the time of final prosthesis insertion (base line), four months and one year after insertion.  
RESULTS: Of the ten patients in the study group, two patients were lost yielding a success rate of 80 % in group I. Clinical results of implant 
stability test showed significant decrease in stability in the study group as compared to the control group, also radiographical results revealed 
significant increase in amount of average crestal bone loss in the diabetic patients.  
CONCLUSIONS: Within the limitations of this study, and based on the clinical level, the implant overdenture may be recognized as being 
predictable treatment option for controlled type-1 diabetic patients. 
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INTRODUCTION 
Zarb (1) described endentulous patients who lost their 
ability to function as 'denture cripples'.  The restoration of 
missing teeth with endosseous implants for the 
rehabilitation of edentulous patients has turned to be a 
standard of care in the previous two decades (2). To achieve 
and maintain osseointegration, indications and 
contraindications must be carefully considered, and proper 
patient selection is thus a key issue in treatment planning 
(3). There is a lack of data regarding the influence of 
systemic diseases, especially DM, on dental implant 
integration and long-term success rate in humans (4, 5). 
Diabetes mellitus affects the blood circulation and is 
associated with many complications. But the most 
obviously apparent complication is periodontal disease 
which, might lead to tooth loss and complete or partial 
edentulism in case of uncontrolled DM. Diabetic patients 
also were believed to be more prone to infection (6-8). In 
addition, healing after surgery appears to be more slowly 
which might expose the tissues to complications such as 
tissue necrosis (9). Unfortunately, diabetes has always been 
considered as a relative contraindication to dental implants 
(10-12). 

However, as regimens for managing diabetes have 
elaborated, evidence has accumulated that diabetic patients 
who effectively control their disease are subjected to a 
lower risk of several health complications than their 
uncontrolled cohorts (13). A systematic review conducted 
on survival rate of dental implant in diabetic patients 
concluded that survival rate of dental implants in well 
controlled patients is similar to non-diabetics, so this 
disease, if properly controlled, is not a contraindication 
(14). 
     However, evidence is unclear on whether there is a 
difference in implant success between well controlled type-
1 and type-2 diabetics (15). Moraschini et al (16) conducted 
a systematic review to analyze the differences in failure rate 
and marginal bone loss between type-1 and type-2 diabetes 
subjects. However, only one article investigating type-1 
diabetes subjects and implants was identified (17). 
After reviewing the subgroups of the two types of diabetes, 
there was no statistically significant difference in implant 
failure. The low number of published studies in relation to 
type-1 diabetes when compared to type-2 diabetes could be 
the result of the greater prevalence of the latter (>90% of 
cases) (18). The implant failure rate in diabetic versus non-
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diabetic subjects showed no statistically significant 
difference for type-1 or type-2 diabetic subjects (16). 
     The American Society for Anesthesiology suggested that 
patients on oral agents for diabetes are suitable candidates 
for dental implants, whereas patients on insulin are not (19). 
However, another study suggested that diabetic patients 
who are well controlled with insulin are suitable for implant 
surgery under antibiotic cover (20). Furthermore, Valero et 
al (21) claimed that in both type-1 and type-2 diabetes, the 
therapeutic goal focuses on maintaining blood-glucose at 
normal or near-normal levels.  
     There are no studies that exclusively reported the 
survival/success of implant in type-1 diabetes. Thus, it is 
important to stress that as type-1 and type-2 diabetes could 
have different responses to implant therapy, depending on 
their level of control, evaluating these two conditions 
together adds an uncontrolled variable (22).  Hence, it is 
important to study the two types of DM separately (23). 
    Factors influencing successful implant therapy for 
patients with diabetes remain in question, several factors 
have been studied related to the success or failure of dental 
implants, including, the implant design (length, shape or 
surface texture), medical risk factors related to the patient 
(systemic diseases or habits like smoking) and factors 
related to surgery (experience of the surgeon or surgical 
planning) (24, 25). However little or no researches have 
focused on the type of implant restoration and its effect on 
implant survival in diabetic patients especially type-1 DM. 
Thus, further researches are needed to evaluate the effect of 
controlled type-1 diabetes on implant overdenture success. 
So the aim of this study was to compare and evaluate 
clinically and radiographically the success of implant 
assisted mandibular complete overdenture in type-1 
controlled diabetic compared to non-diabetic patients. 
 
MATERIALS AND METHODS 
Informed consent  
All patients in this study received thorough explanations 
about the planned treatment and its potential risks and 
complications, and signed a written informed consent form 
prior to being enrolled in the study. It was also mentioned 
that the patient had the right of withdrawal from the study 
anytime without any consequences. Ethical approval for this 
study was obtained from the research ethics committee, 
Faculty of Dentistry, Alexandria University before 
beginning the study. 
Patient Selection Criteria: 
A total of twenty completely edentulous male patients with 
comparable age were selected in this study. Patients were 
equally divided into two groups, diabetic study group and 
the control group. Patients in the diabetic group were 
diagnosed by type-1 DM and had been taking insulin for at 
least10 years. All patients had adequate zone of keratinized 
mucosa, sufficient inter-ridge space greater than 12 mm and 
anterior mandibular alveolar ridge height and width not less 
than 15 mm and 8 mm, respectively as detected by CBCT. 
All patients were free of any metabolic, systemic or 
endocrine diseases other than DM. Patients who showed 
para-functional habits and heavy smokers were excluded 
from this study, as well as patients who were unwilling to 
accept implant overdenture as a treatment modality. 
    Prior to any treatment approach, a sheet record was 
registered for each patient including, personal data, duration 
of the disease, type of treatment and prescribed dose. 

Laboratory investigations for diabetic group showed a good 
level of glycemic control (fasting blood sugar: 70-130 
mg/dl; postprandial blood sugar: < 180 mg/dl; HbA1c:≤7 
%). 
    All patients were prescribed Amoxicillin clavulanate 
1gm (Augmentin, MUP, ARE) one hour before the 
procedure and were instructed to continue this medication 
twice daily for 8 days. In addition, the use of 0.12% 
chlorhexidine mouthwash (Hexitol, ADCO, ARE) was 
instructed one day before the surgery and was continued for 
2 weeks. Ibuprofen 400 mg (Brufen, Kahira Pharm. & 
Chem. Ind. Co., Egypt) was also prescribed to all patients 1 
day before the surgery and to be continued for 8 days. 
Diabetic Patients were instructed to take half their daily 
dose of insulin the morning of the treatment; then, after the 
intervention, the whole insulin dose should be taken. 
     Complete maxillary and mandibular dentures were 
fabricated for every patient according to the standardized 
conventional technique to be used as radiographic template. 
Radiopaque glass beads were incorporated into the 
mandibular denture to select optimal implant sites. 
Radiographic scanning using CBCT (J. Morita, Veraview 
R100, Japan) was done for each patient to aid in fabrication 
of CAD/CAM based surgical template following a dual scan 
procedure. 
      Surgical procedure for the three interforaminal implants 
(Dentium NR Line, Dentium Co.Ltd, Korea) was performed 
under local anesthesia with a flapless approach after fixation 
of the surgical template onto the bone by the aid of pre-
planned fixation screws following the recommendations of 
the manufacturer (figure 1). 
 

 
Figure 1: showing fixation of the surgical template by the aid of 
pre-planned fixation screws. 
 
     The mini ball abutments (Ball abutment, Dentium 
Co.Ltd, Korea) were screwed on the implant and tightened 
to 30 N-cm with a torque wrench (according to manufacture 
instructions), to avoid second stage surgery. The height of 
the mini ball abutment was chosen according to the 
thickness of the trans-mucosal portion (figure 2). 
 
 
 
 
 



 Eldidi et al.                                                                                   Implant Mandibular Overdenture for Type-1 Diabetic Patients 

Alexandria Dental Journal. (2019) Vol.44 Pages:81-86                                                                                                          83 

     

 
Figure 2: showing mini ball abutments screwed on the implant to 
avoid second stage surgery. 
 
      All patients were instructed to complete the prescribed 
medication including; antibiotics as a prophylaxis for any 
anticipated infection, analgesic and anti-inflammatory to 
control post-operative pain and anti-oedematous to prevent 
any postoperative swelling. 
     The patient was left for two weeks without the denture 
as a healing period before loading. The old mandibular 
denture of the patient was then relieved and refitted using 
silicon soft liner material (Promedica Dental Material 
Gmbh, German). A new denture was then constructed for 
each patient after four months period from the date of 
surgery. The mandibular denture base fit was checked to the 
attachments using an indelible pencil to confirm seating of 
the denture while in maximum intercuspation, and then 
occlusal adjustments were performed using articulating 
paper. 
    The housings were then placed on the attachments and 
the areas over the housings were relieved with an acrylic bur 
until the denture was fully seated passively in the patient’s 
mouth without contacting the housings while again in 
maximum intercuspation. 
     Block out spacers were placed on the abutments to block 
out any undercuts around the abutments that may interfere 
with the pick-up process.  Small holes were then prepared 
at the lingual side to allow escaping of excess acrylic resin 
and to avoid creation of undue pressure, which may affect 
the denture settling during the direct pick-up process. 
     On the denture, the housing sites were filled with a mix 
of auto-polymerized acrylic resin "pick-up material" using 
plastic filling instrument and it was inserted inside the 
patient’s mouth using an inter-occlusal bite registration 
silicone index that was previously fabricated to ensure 
maximum intercuspation (figure 3). 
 

 
Figure 3: showing direct pickup process of the housings. 

     The denture was then removed and verified that the 
positions of the attachments were correct. The block-out 
spacers were removed and the excess resin was carefully 

trimmed away. The denture was then seated inside the 
mouth and the final occlusal adjustments were performed. 
The patient was finally instructed about the care of the 
denture and the oral hygiene procedures (figure 4). 
 

 
Figure 4: showing housings embedded in the tissue 
surface of the denture. 
 
     Screening tests and radiographic evaluations for the 
patients were scheduled at the time of final prosthesis 
insertion (base line), four months and one year after 
insertion. 
     The radiographic evaluations were conducted for 
assessment of the crestal bone changes around each implant 
from the four aspects; mesial, distal, buccal and lingual 
using the linear measurement system available on the 
OnDemand3D software (Cybermed International, Seoul, 
Korea) supplied by CBCT. 
      Implant stability was assessed using resonance 
frequency analysis measured with the Osstell device 
instrument (Integration Diagnostics Ltd., Goteborgsvagen, 
Sweden) at the time of fixtures installation (base line), four 
months later and one year after prosthesis insertion. 
Statistical analysis 
Data were fed to the computer and analyzed using IBM 
SPSS software package version 20.0. Quantitative data 
were described using Range (minimum and maximum), 
mean and standard deviation. Data analysis was performed 
with ANOVA with repeated measures, Post Hoc test (LSD) 
and Student t-test. Significance of the obtained results was 
judged at the 5% level. A p-value of less than 0.05 was 
considered statistically significant. 
 
RESULTS 
During follow up, two diabetic patients from the study 
group were lost yielding a success rate of 80% for group I. 
Failure in one of these 2 patients was related directly to poor 
glycemic control. While the other patient lost to follow up 
and thus implants in this patient were considered as failed 
implants. 
Radiographic Evaluation: 
Radiographic evaluation of implants showed statistically 
significant increase in average bone loss in group I from 
baseline to four months, from four months to one year and 
from baseline to one year (p=0.006*, p=0.001*, p=0.003* 
respectively) as compared to the control group through the 
three different periods of follow up (Table 1).  
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Table (1): Comparison between the two studied groups 
regarding Average bone loss at different periods of follow 
up 

 
 
Clinical Evaluation: 
Implant stability was evaluated by Osstell ISQ and results 
showed that there was insignificant decrease in stability 
from baseline to one year for group I (p=0.29), while 
stability increased significantly from baseline and through 
all follow up times for group II (p= 0.003*). There was a 
statistically significant difference in favor of diabetic 
patients regarding implant stability between the two groups 
after 4 months (p=0.045*) and after 1 year from prosthesis 
insertion (p=0.001*). However, implant stability levels at 
baseline were insignificantly different when both groups 
were compared (p=0.203) (Table 2). 
 
Table (2): Comparison between the two studied groups 
regarding implant stability at different periods of follow up 

 
 
DISCUSSION 
Type-1 DM is an auto-immune disease characterized by 
destruction of the beta cells in the pancreas that produce 
insulin, all type-1 diabetic patients require insulin therapy 
to maintain normglycemia and prevent or delay 
complications. The incidence of type 1-diabetes is on the 
rise at a rate of 3–5% per year that is doubling every 20 
years (26).  

     The greatest long-term danger of diabetes, irrespective 
of the etiology, lies in the potential for complications. The 
complications of the disease are insidious, and difficult to 
reverse; hence, there is great urgency to identify specific 
means to prevent or reduce these complications (26).  
     In a review conducted by Marchand et al (27), conditions 
for implant success in diabetic patients were attributed to 
the stabilization of glycaemic control (HbA1c around 7%), 
as well as preventive measures against infection yielding 
implant survival rates between 85% and 95%. 
     This was best assessed by measuring the glycosylated 
hemoglobin (HbAc1); levels less than 7% for HbAc1 
measured 6-8 weeks previous to the surgery was considered 
a good level of glycemic control (21). 
     Since hyperglycemia may result from stress, diabetic 
patients were instructed to take half of their daily dose of 
insulin before the surgery as a stress dose to prevent 
hyperglycemia. Furthermore, it has been observed that 
insulin not only reduces the deleterious effects of 
hyperglycemia by controlling it but also stimulates 
osteoblastic activity (28). 
     Owing to the fact that type-1 DM is considered a risk 
factor with regard to suffering infection, when performing 
invasive dental procedures such as implant surgery, the 
usual guidelines for the antibiotic prophylaxis should be 
followed (29). 
     The antibiotic of choice was Amoxicillin clavulanate 
(1gm), as the pathogens most frequently causing post-
operative complications following the placement of 
implants are Streptococci, Gram-positive anaerobes and 
Gram-negative anaerobes (29). 
     In addition to antibiotic usage, chlorhexidine mouthwash 
is a well proven antibacterial rinse that has proved to lessen 
the infectious complications and failure rates of implant in 
diabetic patients when administrated pre-operatively (30). 
     The use of fewer and less invasive surgical procedures 
such as flapless surgical technique for implant placement 
are beneficial due to a shorter healing period, decreased 
patient discomfort that is represented by minimal swelling 
and pain, maintaining the soft tissue architecture, and 
leaving the periosteum intact on buccal and lingual aspect 
of the ridge which, in turn, maintains a better blood supply 
and thus reduces the likelihood of bone resorption (31).  
    These fine characters of flapless surgery make it 
especially advocated in diabetic patients, in which it is 
necessary to induce the minimum possible damage to the 
patient and reduce the operation time (32). 
    In this study, the flapless surgery was performed with the 
aid of CAD/CAM based surgical guides fabricated by dual 
CT-scanning technique, permitting better visualization of 
soft tissue thickness and uses a calibration procedure which 
has the benefit of more precise implant installation with 
more accurate implant axis (33).  
     However, some limitations still exist in the application 
of this new technology such as the large amount of attached 
gingiva needed, and the considerable experience that are 
required to evaluate if part of the implant surface is out of 
the bone and if the planned implant position matches 
perfectly the clinical situation (33). 
    The implant system used in this study was Dentium NR 
Line fixtures with body diameter 3.1 mm. The narrow 
implant diameter was used to ensure sufficient bone 
thickness and blood supply around the implant for more 
predictable survival. The mini-ball abutment was chosen to 
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decrease torque on implants. It was screwed on the implant 
on the surgery day to avoid second stage surgery and thus 
reduce possible post-operative complications in diabetic 
patients. 
     The use of three implants is thought to create an angular 
relationship. The most anteriorly placed implant prevents 
antero-posterior rotation of the denture in sagittal plane by 
providing indirect retention for an overdenture supported by 
three implants (34). 
     Implant success largely depends on the implant location 
in the jaws and should be even more so in diabetic patients. 
The best location for implants, gaining the greatest success 
rate, is the symphysis area of the mandible (17).  
     Radiographic analysis showed that there was a statistical 
significant increase (p=0.018*) in average bone loss in the 
diabetic group when compared to the control group. This 
finding may be explained by researches that found that type-
1 diabetes produces a reduction in bone mineral density 
through mechanisms that have been attributed to both a 
lower formation of bone and also to a greater bone 
resorption (18). 
     Moreover, the results were in agreement with 
Albrektsson et al (35) who reported an average marginal 
bone loss of function of more than 0-2 mm in year one, and 
thus concluded that type-1 diabetics failed to meet standard 
international criteria for implant success. In addition, 
Mathiassen et al (36) reported long-term bone loss more 
severe in type-1 than in type-2 diabetic patients. 
     Results of measuring implant stability in this study 
showed that implant stability quotient values in group I 
were insignificantly decreased (p=0.29) from baseline and 
up to 1 year follow up period, however, still within the range 
reported for successfully integrated implants (57–82) 
according to Kokovic et al (37). Unlike group II in which 
stability quotient values showed a significant increase from 
baseline and through all follow up periods (Table 3). 
 
Table (3): Comparison between the two studied groups 
regarding percent of change in implant stability at different 
periods of follow up 

 
 
     Several investigations (38, 39) have shown that the ISQ 
value of a stable osseointegrated implant increases with 
time, suggesting an increase in the bone-implant contact 
area. On the other hand, crestal bone loss around implants 

has been correlated with loss of implant stability (40), which 
explains the decrease in stability values of group I. 
 
CONCLUSION 
Within the limitations of this study regarding the sample 
size and short study periods; and based on clinical levels it 
is possible to conclude that the implant assisted overdenture 
may be recognized as being predictable and successful 
treatment option for controlled type-1 diabetic patients 
considering strict glycemic control measures, following a 
minimally invasive surgical protocol such as the flapless 
surgical technique and avoiding immediate implant loading. 
 
CONFLICT OF INTEREST 
The authors declare that they have no conflicts of interest. 
 
REFERENCES 

1. Zarb G A. The edentulous milieu. J Prosthet Dent 1983; 49: 
825-831. 

2. Bornstein MM, Cionca N, Mombelli A. Systemic 
Conditions and Treatments as Risks for Implant Therapy. 
Int J Oral Maxillofac Implants 2009; 24:12–27. 

3. Blanchaert RH. Implants in the medically challenged 
patient. Dent Clin North Am 1998; 42:35–45. 

4. Balshi TJ, Wolfinger GJ. Dental implants in the diabetic 
patient: a retrospective study. Implant Dent 1999; 8:355-9. 

5. Shernoff AF, Colwell JA, Bingham SF. Implants for type II 
diabetic patients: interim report. VA Implants in Diabetes 
Study Group. Implant Dent 1994; 3:183-5. 

6. Smith RA, Berger R, Dodson TB. Risk Factors associated 
with dental implants in healthy and medically compromised 
patients. Int J Oral Maxillofac Implants 1992; 7:367-72. 

7. Goodson WH, Hunt TK. Wound healing and the diabetic 
Patient. Surg Gynecol Obstet 1979; 149:600-8. 

8. Larkin JG, Frier BM, Ireland JT. Diabetis Mellitus and 
infection. Postgrad Med J 1985; 61:233-7. 

9. Rothwell BR, Richard EL. Diabetes mellitus: Medical and 
Dental Considerations. Spec Care Dentist 1984; 4:58-65. 

10. American academy of periodontology. Diabetes and 
periodontal disease (position paper). J Periodontol 1999; 
70:935–49. 

11. Cianciola RJ, Park BH, Bruck E, Mosovich L, Genco RJ. 
Prevalence of periodontal disease in insulin dependent 
diabetes mellitus (juvenile diabetes). J Am Dent Assoc 
1982; 104:653–60. 

12. Schlossman M, Knowler WC, Pettitt DJ, Genco RJ. Type 2 
diabetes mellitus and periodontal disease. J Am Dent Assoc 
1990; 121:532–6. 

13. Grossi S, Skrepcinski F, DeCaro T, Zambon JJ, Cummins 
D, Genco RJ. Response to periodontal therapy in diabetics 
and smokers. J Periodontol 1996; 67:1094-102. 

14. Arbildo H, Lamas C, Camara D, Vásquez H. Dental implant 
survival rate in well-controlled diabetic patients. A 
systematic review. J Oral Res 2015; 4: 404-10. 

15. Dominic H. Evidence unclear on whether Type I or II 
diabetes increases the risk of implant failure. Evidence-
Based Dentistry 2014; 15:102-3. 

16. Moraschini V, Barboza ESP. The impact of diabetes on 
dental implant failure: a systematic review and meta-
analysis. Int J Oral Maxillofac Surg 2016; 45:1237– 45. 

17. Alsaadi G, Quirynen M, Koma´rek A, van Steenberghe D. 
Impact of local and systemic factors on the incidence of late 
oral implant loss. Clin Oral Implants Res 2008; 19:670–6. 



 Eldidi et al.                                                                                   Implant Mandibular Overdenture for Type-1 Diabetic Patients 

Alexandria Dental Journal. (2019) Vol.44 Pages:81-86                                                                                                          86 

18. Oates TW, Huynh-Ba G, Vargas A, Alexander P, Feine J. 
A critical review of diabetes, glycemic control, and dental 
implant therapy. Clin Oral Implants Res 2013; 24:117–27. 

19. Chanavaz M. Patient screening and medical evaluation for 
implant and preprosthetic surgery. J Oral Implantol 1998; 
24:222–9. 

20. Adell R. The surgical principles of osseointegration. In: 
Worthington P, Brånemark PI. Advanced Osseointegration 
Surgery. Chicago: Quintessence, 1992:94–107. 

 
21. Valero AM, García FJ, Ballester HA, Rueda LC. Effects of 

diabetes on the osseointegration of dental implants. Med 
Oral Patol Oral Cir Bucal 2007; 12:38-43. 

22. Chrcanovic BR, Albrektsson T, Wenneberg A. Diabetes and 
Oral Implant Failure A Systematic Review. J Dent Res 
2014; 93:859–67. 

23. Klokkevold PR, Han TJ. How do smoking, diabetes, and 
periodontitis affect outcomes of implant treatment? Int J 
Oral Maxillofac Implants 2007; 22:173-202.  

24. Cosyn J, Vandenbulcke E, Browaeys H, Van Maele G, De 
Bruyn H. Factors associated with failure of surface-
modified implants up to four years of function. Clin Implant 
Dent Relat Res 2012; 14:347–58.  

25. Rocchietta I, Nisand D. A review assessing the quality of 
reporting of risk factor research in implant dentistry using 
smoking, diabetes and periodontitis and implant loss as an 
outcome: critical aspects in design and outcome assessment. 
J Clin Periodontol 2012; 39:114–21. 

26. Ramasamy R, Schmidt AM. Etiology of diabetes mellitus 
In: Lamster IB, Diabetes Mellitus and Oral Health: An 
Interprofessional Approach. John Wiley & Sons, Inc.; 
2014:3-26. 

27. Marchand F, Raskin A, Dionnes-Hornes A, Barry T, Dubois 
N, Valero B et al. Dental implants and diabetes: conditions 
for success. Diabetes Metab 2012; 38:14–9. 

28. Locatto ME, Abranzon H, Caferra D, Fernández MC, 
Alloatti R, Puche RC. Growth and development of bone 
mass in untreated alloxan diabetic rats. Effects of collagen 
glycosilation and parathyroid activity on bone 
turnover. Bone Miner. 1993; 23:129–44. 

29. Gutiérrez JL, Bagán JV, Bascones A, Llamas R, Llena J, 
Morales A, et al. Consensus document on the use of 
antibiotic prophylaxis in dental surgery and procedures. 
Med Oral Patol Oral Cir Bucal 2006; 11:188-205. 

30. Morris HF, Ochi S, Winkler S. Implant survival in patients 
with type 2 diabetes: placement to 36 months. Ann 
Periodontal 2000; 5:157-65. 

31. Esposito M, Grusovin MG, Chew YS, Coulthard P, 
Worthington HV. One-stage versus two-stage implant 
placement. A Cochrane Systematic Review of Randomised 
Controlled Clinical Trials. Eur J Oral Implantol 2009; 2:91-
9. 

32. Romero-Ruiz MM, Mosquera-Perez R, Gutierrez-Perez JL, 
Torres-Lagares D. Flapless implant surgery: A review of the 
literature and 3 case reports. J Clin Exp Dent. 2015; 7:146-
52. 

33. Meloni SM, De Riu G, Pisano M, Tullio A, Lolli  FM, 
Deledda A, Campus G. Clinical Study: Implant Restoration 
of Edentulous Jaws with 3D Software Planning, Guided 
Surgery, Immediate Loading, and CAD-CAM Full Arch 
Frameworks. Int J Dent 2013:1-7.  

34. Mericske-stern RD, Taylor TD, Belser U. Management of 
the edentulous patient. Clin Oral Impl Res 2000; 11:108–
25. 

35. Albrektsson T, Zarb G, Worthington P, Eriksson AR. The 
long-term efficacy of currently used dental implants: a 
review and proposed criteria of success. Int J Oral 
Maxillofac Implants 1986; 1:11–25. 

36. Mathiassen B, Nielsen S, Ditzel J, Rodbro P. Long-term 
bone loss in insulin-dependent diabetes mellitus. J Intern 
Med 1990; 227:325–7. 

37. Kokovic V, Vasovic M, Shafi E. Assessment of primary 
implant stability of self-tapping implants using the 
resonance frequency analysis. The Saudi Journal for Dental 
Research 2014; 5:35-9. 

38. Friberg B, Sennerby L, Meredith N, Lekholm U. A 
comparison between cutting torque and resonance 
frequency measurements of maxillary implants. A 20-
month clinical study. Int J Oral Maxillofac Surg 1999; 
28:297–303. 

39. Heo SJ, Sennerby L, Odersjö M, Gränström G, Tjellström 
A, Meredith N. Stability measurements of craniofacial 
implants by means of resonance frequency analysis. A 
clinical pilot study. J Laryngol Otol 1998; 112:537–42. 

40. Meredith N, Book K, Friberg B, Jemt T, Sennerby L. 
Resonance frequency measurements of implant stability in 
vivo. A cross-sectional and longitudinal study of resonance 
frequency measurements on implants in the edentulous and 
partially dentate maxilla. Clin Oral Implants Res 1997; 
8:226–33. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Chrcanovic%20B%5Bauth%5D

