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Abstract: Background: Diabetes mellitus has been shown to be an associated risk factor for peri-implantitis. Peri-implantitis 

has become the leading cause of implant failure. Objective: To ensure the postoperative efficacy of diabetic patients and avoid 

the occurrence of peri-implantitis, research progress on the mechanism and preventive measures of diabetes induced 

peri-implantitis were elaborated. Methods: With "diabetes mellitus or diabetes or DM, peri-implantitis, implant, 

osseointegration" as the search terms, related articles published during 2013-2021 in PubMed, CNKI, ScienceDirect and other 

databases were searched. Results: The changes in the type and proportion of bacteria around implants in diabetic patients break 

the balance between bacteria and host defense system. Diabetic patients with insulin resistance and persistent hyperglycemia 

inhibit osteoblast differentiation, induce osteoclast activation and make adverse effects on osseointegration. The immune 

inflammatory state and local microvascular lesions of the body slow down postoperative tissue healing and induce 

peri-implantitis. According to the relevant mechanisms, many experiments have achieved good results in reducing the incidence 

of peri-implantitis in patients with diabetes through plaque control, blood glucose management and implant interface 

improvement. Conclusion: Diabetic patients have a higher risk of peri-implantitis, so implant patients with diabetes mellitus 

should undertake related prevention and treatment to reduce the risk of peri-implantitis. 
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1. Introduction 

Dental implant repair is the best treatment for missing teeth, 

but local and systemic risk factors can lead to implant failure. 

Diabetes mellitus (DM) is a chronic disease with 

hyperglycemia and many side effects. It can be divided into 

non-insulin-dependent, type-1diabetes Mellitus (T1DM) and 

insulin-dependent, type-2 diabetes mellitus (T2DM) clinically. 

The number of patients with diabetes in the world is expected 

to rise to 629 million in 2045 [1], of which T2DM is more 

common. Periodontal disease is the sixth major complication 

of diabetes mellitus. The tooth loss rate of patients with 

diabetes mellitus and periodontitis is more than twice the 

average level. Dental implant repair has gradually become the 

best choice for diabetic patients with periodontal disease after 

tooth loss. Diabetes mellitus as a relative contraindication of 

implant surgery has been controversial. 

Diabetes has a negative impact on the implant, which can 

inhibit the healing rate of oral mucosa and alveolar bone 

wound, and is prone to cause microvascular thrombosis, 

which makes it easy to infect. On the other hand, diabetes will 

also affect the osseointegration of dental implants, which 

makes dental implants easy to loose and fall off, and the 

failure rate is higher than that of non-diabetic patients. 
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Diabetes mellitus is a risk factor for peri-implantitis and a 

common postoperative complication in patients with diabetes 

mellitus after implant surgery. Peri-implantitis is one of the 

main causes of implant failure. Peri-implantitis is an 

inflammatory disease accumulated around the implant, which 

has the characteristics of soft tissue inflammatory lesions and 

loss of marginal supporting bone. The clinical manifestations 

of peri-implantitis include hyperemia, redness, swelling, 

bleeding on probing, and pus overflow is more common, 

accompanied by progressive bone resorption. 

2. Diagnostic Criteria of Peri-Implantitis 

There were obvious plaque or calculus around the implant 

and abutment, mucosa redness and swelling, probing bleeding 

and (or) pus overflow and depth≥6 mm. X-ray showed the 

horizontal or vertical bone absorption around the implant≥3 

mm, or transmission shadow between the implant and bone 

tissue [2-4]. 

3. Prevalence of Peri-Implantitis in 

Diabetic Patients 

Two cross-sectional studies showed that the relative risk of 

peri-implantitis due to diabetes was 1.9 and 4.1, respectively [5]. 

Some local surveys, such as North Africa, showed that the 

prevalence of peri-implant mucositis and peri-implant 

inflammations were 82.1% and 42.4% respectively, 68.4% and 

22.7% respectively. Diabetes was positively correlated with 

these two results [6]. Another statistical study showed that the 

incidence of post-implant complications was low in patients 

without diabetes mellitus. With the increase of glycosylated 

hemoglobin (HbA1c) level, the probing depth and blood loss 

around the implant increased in patients with diabetes mellitus, 

that is, the possibility of peri-implantitis increased [7]. 

According to a 7-year clinical observation, the study showed 

that the clinical manifestations of peri-implantitis in patients 

with T2DM were significantly higher than those in non-diabetic 

patients [8]; the risk of peri-implantitis in diabetic patients is 50% 

higher than that in non-diabetic patients, and the risk of 

osseointegration damage and peri-implantitis in diabetic 

patients with poor glycemic control is increased [9]. 

4. The Mechanism of Peri-Implantitis in 

Diabetic Patients 

4.1. Microorganism 

Peri-implantitis is the result of the interaction between 

bacteria and the immune function of periodontal tissue. The 

flora around the successful implant is very similar to the 

adjacent natural teeth. The bacteria can appear soon after the 

implant implantation, mainly gram-positive cocci, and there is 

no significant change in the flora six months after the implant 

implantation [10]. A large number of studies have proved that 

the subgingival is a complex and unique micro ecological 

environment when peri-implantitis occurs. Gram-negative 

anaerobes are the main bacteria around the implant. In 

addition to the "Red complex" (Porphyromonas gingivalis, 

Treponema denticola, and forsythia) and "orange complex" 

(fusobacteria and Prevotella intermedia), Campylobacter 

virens and soft tissue bacteria can also be detected Phylum 

parietal, Enterococcus faecalis, etc [11-13]. At the same time, 

some studies have shown that the proportion of subgingival 

plaque species including cocci, bacilli, and fusiform bacteria 

in T2DM patients after implantation is higher than that in 

non-diabetic patients [14]. This indicates that the subgingival 

flora around implants in diabetic patients significantly 

increases the probability of peri-implantitis. 

4.2. Diabetes and Osseointegration 

Branemark proposed the concept of osseointegration, that is, 

the implant embedded in the living bone directly contacts with 

the bone tissue under the light microscope. And there is no 

tissue other than bone tissue, such as connective tissue. This is 

the biological basis of oral implantology. Based on the theory of 

osseointegration, implantology has developed rapidly. 

Nowadays, dental implant prosthesis is more and more 

accepted by Stomatologists and patients because of its wide 

range of indications, beautiful and comfortable, good retention, 

and support. The basic steps of the oral implant include (take 

two-stage two-step bone implant as an example): for patients 

with indications for implant restoration, implant retention nail is 

implanted into the alveolar bone in the edentulous area through 

a one-stage operation. After 3-4 months of implant 

osseointegration, it is feasible to install the healing abutment 

connecting with gingival tissue and finally complete the 

implant restoration. In this process, the formation of good 

osseointegration is a necessary basic condition. 

In the study of rats, diabetes can affect the process of 

osseointegration after implantation [15]. Diabetic patients will 

affect the stability of implants by influencing the repair of 

periodontal bone tissue [16]; Some clinical studies have 

shown that the bone loss around implants in diabetic patients 

is more obvious than that in non-diabetic patients after 

implantation, which may be related to the state of immune 

inflammation [17]. At the same time, some studies have 

shown that poor blood glucose control can negatively regulate 

bone factors in the process of implant healing [18]. At present, 

the influence mechanism of DM on osseointegration of 

implants is as follows, which needs to be further improved. 

4.2.1. Hyperglycemia 

Hyperglycemia can inhibit osteoblast differentiation and 

promote osteoclast formation. Hyperglycemia can directly 

affect bone binding by inhibiting the osteogenesis of bone 

marrow mesenchymal stem cells (BMSC) mediated by 

reactive oxygen species [19]. Hyperglycemia can inhibit the 

formation of mineralized nodules of BMSC, and induce 

osteogenic differentiation genes such as alkaline phosphatase 

(ALP), osteocalcin (OC), and collagen type I through MAPK, 

PI3K/Akt, Wnt/β-catenin, and Notch pathways 1. The 

expression of CoL-I decreased, which reduced the function 
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and number of osteoblasts and then affected osseointegration 

[20]. In addition, long-term hyperglycemia can lead to the 

production of advanced glycation end products (AGEs) 

through nonenzymatic glycosylation of a large number of 

proteins in the body. AGE in the gingival crevicular fluid 

around implants increases with the increase of blood glucose 

in T2DM patients [21]. A High concentration of AGE 

combined with its receptor of AGEs (RAGE) can inhibit 

osteoblast differentiation and induce osteoclast activation 

through the mitogen- activated protein kinase (MAPK) 

pathway, resulting in poor bone binding. 

4.2.2. Diabetes and Immune Inflammatory Process 

Diabetic patients are in the abnormal metabolic state of 

long-term hyperglycemia, which will increase the chance of 

infection around the implant [22]. Oxidative stress plays an 

important role in the process of diabetes. For example, 

reactive oxygen species (ROS) increase in the body. Under the 

induction of ROS, nuclear factor -κB (NF -κB) was activated, 

which promoted the secretion of interleukin-1β(IL-1β) and 

interleukin-8(IL-8) [23, 24]. IL-8 can induce neutrophils to 

chemotaxis and move out of the epithelium in the tissue 

around the implant. During the process of phagocytizing 

bacteria, IL-8 can produce superoxide ions and release 

lysosomal enzyme cytokines, which will aggravate the 

inflammation of tissue around the implant, reduce the collagen 

and extracellular matrix in periodontium and the tissue around 

the implant, and slow down the postoperative tissue healing. 

Once neutrophil chemotaxis and phagocytosis are destroyed, 

it will weaken the host's barrier function and immune defense 

function against periodontal pathogens, and promote the 

occurrence of peri-implantitis. In addition, a large number of 

experiments have confirmed that IL-17 is overexpressed in 

peri-implantitis gingival crevicular fluid and T2DM patients 

[25]. It is suggested that IL-17 may be the signal pathway of 

peri-implantitis and T2DM. At the same time, the increase of 

IL-6 has been confirmed as an independent predictor of 

T2DM, and the increase of IL-6 in peri implant crevicular 

fluid is considered as a marker of peri-implantitis. 

4.2.3. Insulin Resistance (IR) 

Insulin can not only regulate the concentration of blood 

glucose, but also bind to the insulin receptor on the surface of 

osteoblasts. It directly stimulated the differentiation and 

proliferation of osteoblasts, and promote the osseointegration 

after transplantation. However, T1DM patients are caused by 

destruction of islet B cells, resulting in insufficient or absolute 

lack of insulin secretion; T2DM patients are caused by insulin 

resistance or progressive insufficient insulin secretion. If the 

body has insulin resistance, it can promote the increase of 

tumor necrosis factor-α(TNF-α) through the endocrine and 

paracrine of cytokines. Some in vitro and animal experiments 

have proved that TNF-α can inhibit the proliferation and 

differentiation of osteoblasts, promote their apoptosis. And it 

can activate osteoclasts to inhibit new bone formation [26]. 

Moreover, insulin deficiency in DM patients leads to the 

decrease of 1,25-(OH)2-D3 synthesis. The decrease of 

osteopontin secreted by 1,25-(OH)2-D3, which leads to the 

increase of osteoclast activity and the decrease of 

osseointegration rate and success rate [27]. The decrease of 

osteoblast differentiation and proliferation and the increase of 

osteoclast activity are not conducive to osseointegration. 

4.3. Microangiopathy 

Vascular disease is a common complication of DM patients. 

Vascular endothelial cell dysfunction and abnormal coagulation 

mechanism lead to capillary basement membrane thickening, 

lumen stenosis, slow blood flow, and reduced nutrition supply 

to local cells and tissues. This is not conducive to the 

metabolism of bone tissue around implants [28]. 

5. Prevention and Treatment of 

Peri-Implantitis in Diabetic Patients 

5.1. Plaque Control 

Because plaque aggregation is the key factor of 

peri-implantitis, controlling bacteria is the core of the 

prevention and treatment of peri-implantitis. Surgical 

treatment includes mechanical debridement, implant surface 

decontamination, bone transplantation, and biological media. 

Non-operative treatment includes ultrasonic curettage, 

adjuvant drug therapy, antibacterial photodynamic therapy, 

and combination therapy. For example, washing with 

chlorphenamine and the local application of minocycline 

hydrochloride can significantly improve the bone defect 

around the implant [29]. Antibacterial photodynamic therapy 

and decontamination procedures are expected to be developed 

in the future [30]. 

5.2. Blood Glucose Management 

Increased bone loss around implants is associated with higher 

glycosylated glycemic protein levels [31]. It is very necessary 

to control blood glucose before and after implant surgery, which 

can improve the osseointegration rate and promote recovery 

after implant surgery. Insulin can be used as a direct and 

effective way to control blood glucose, inhibit osteoclasts, 

promote osteoblasts, and increase implant bone-bonding; 

metformin, a commonly used drug for the treatment of T2DM, 

can also reverse the negative effect of hyperglycemia on 

implant-bone integration [32]; some animal studies have shown 

that insulin combined with VD (3) treatment may be an 

effective way to improve implant fixation in diabetic rats [33]. 

5.3. Implant Interface Improvement 

In recent years, many experiments focus on the 

improvement of implant interface in diabetic patients, which 

may be a way to promote implant osseointegration in diabetic 

patients in the future. It has been proved in animal 

experiments that chitosan-coated porous titanium alloy can 

promote bone integration by inhibiting local redox reaction 

under diabetic conditions [34]. What’s more, in vitro studies 

have shown that in peri-implantitis, the exposed implant 

surface is coated with platelet-rich fibrin and etched with 
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phosphoric acid, so as to improve the blood wettability of the 

implant surface and facilitate the healing of tissue [35]. 

6. Conclusion 

Diabetic patients have a higher risk of peri-implantitis, so 

implant patients with diabetes mellitus should undertake 

related prevention and treatment to reduce the risk of 

peri-implantitis. However, the mechanism of diabetes 

induced peri-implantitis is not yet clear, and the prevention 

and treatment methods need to be further improved. 
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