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Abstract

The purpose of this study is to evaluate the effect of ultraviolet UV photo functionalization on the antimicrobial properties in implants installed 
in patients with type 2 diabetes mellitus.

The study included 74 patients with diabetes with unilateral/bilateral missing teeth (aged 36 to 63 years). The participants were randomly 
divided into 2 groups; Group-A included 38 patients with UV photo functionalized 204 implants and Group-B included 36 patients with non 
UV photo functionalized 183 implants. The clinical parameters of the dental implants were evaluated by assessing PD, BOP, MBL 6 months, 
12 months, and 3 years after implant installation, compared with values at last follow-up. Concentrations of interleukin IL-1β and TNF-α 
cytokines in blood serum were evaluated using enzyme-linked immunosorbent assay.

After implant surgery, the patients in Group-A had minimal postoperative reactions including swelling, discoloration, discomfort, hematomas. 
After implant surgery, the patients in Group-B had a mild postoperative reaction including swelling and discomfort. Preoperative serum IL-1β 
levels and TNF-α in Group-A and Group-B patients did not differ significantly.

After implant surgery indicators of cytokines markers show correlation with Group-A and Group-B, the rates of IL-1β levels and TNF-α are 
higher in patients of Group-B. Analysis of the results showed the greatest increase in the rates of IL-1β levels and TNF-α in peri-mucositis and 
peri-implantitis.

The survival rate of implants in Group A patients is 97.3% and in Group B patients is 94.2% after five-years. The results of the study showed 
that monitoring levels of the cytokines TNF-α and IL-1β may aid in the early diagnosis of peri-implantitis and prognosis in high-risk patients 
with type 2 diabetes mellitus.
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Introduction

Diabetes mellitus is a serious metabolic disease that often 
leads to dysfunction of many tissues and organs, including 
microvascular complications, retinopathy, nephropathy, 
impaired bone metabolism, delayed wound healing [1-
3]. Long-term hyperglycemia characterized by decreased 
bone formation markers alters the function of osteoblasts, 
osteocytes including proliferation, migration and adhesion, to 
altered function [4-6].

Of the oral complications of diabetes mellitus, periodontal 
disease is reported, resulting in tooth loss, dysfunction of 
the salivary glands, taste disturbances, the risk of fungal and 
bacterial infections, damage to the soft tissues of the oral 
cavity, and impaired healing of oral wounds [7-9]. After the loss 
of teeth due to periodontitis in patients with diabetes mellitus 
due to bone resorption, the effectiveness of treatment with 
removable plate dentures is low and can lead to nutritional 
disorders and metabolic disorders [10,11].

Currently, with the development of implantology, new 
opportunities for effective prosthetic rehabilitation are 
opening up for patients with type 2 diabetes mellitus (T2DM). 
Dental implant treatment in patients with T2DM presents 
challenges due to the impaired wound healing and increased 
risk of infection associated with the condition [12,13]. 
Hyperglycemia has been reported to impair osseointegration, 
potentially compromising long-term implant survival [14].

Surface modification techniques, such as ultraviolet (UV) 
photo functionalization, have shown potential in improving 
osseointegration and antimicrobial properties of implants. 
Biomechanical testing of implants has shown that UV 
treatment accelerates osseointegration of implants [15,16]. 
Photo functionalized Implant in a high-glucose environment 
increased the hydrophilicity of the implant surface and 
thereby leading to increased osteoblast adhesion, cell 
proliferation, and mineralization [17,18]. There is an in vitro 
study that reported improved osseointegration of photo 
functionalized implants in diabetic rats [19]. The role of photo 
functionalization of dental implants placed in patients with 
diabetes to improve osseointegration strength is not so much 
[20-22]. Patients with diabetes are at risk of peri-implantitis 
[23].

A study by Al-Askar et al. concluded that in patients with 
diabetes, glycemic status influenced the levels of inflammatory 
cytokines [24]. The results from the studies by Alqahtani et 
al., and Monje et al. showed that chronic hyperglycemia is a 
strong mediator of inflammation [23,25].

It is known that ultraviolet radiation also has an antimicrobial 
effect through photochemical reactions, affecting the bacteria 
[26]. UV modifying of Ti surfaces also used in the complex 
of prevention and treatment of peri-implantitis [16,27-30]. 
The role of UV photo functionalization in enhancing the 

antibacterial properties of implants and in the prevention of 
peri-implantitis has been little studied.

The inflammatory process and excessive synthesis of 
mediators of inflammation can increase the development 
dental implant complications [31]. In patients with type 2 
diabetes elevated levels of TNF-α, IL-1β, and IL-6 are found 
[32]. The immune-mediated response activates the rise of 
cytokines and the secretion of growth factors, including 
inflammation, proliferation, regeneration, differentiation, and 
hemostasis [33-35]. IL-1α are vital mediators of immunity, 
inflammation, tissue destruction, and hemostasis and are 
important markers of bone turnover [36,37]. TNF-α has similar 
immunological effects to IL-1β and is an important mediator 
in the pathogenesis of peri-implant disease. Cytokines and 
immune cells perform extensive and varied functions in peri-
implantitis [37,38]. 

The balance between pro- and anti-inflammatory cytokines 
and cells plays a critical role in implant prognosis. Imbalance 
between pro- and anti-inflammatory cytokines can create 
conditions for the destruction of soft and bone structures of 
the peri-implant zone, which weakens osseointegration [39]. 
TNF- α in conjunction with IL-1β initiates the main mediators 
of the inflammatory cascade [40,41].

Monitoring inflammatory markers in T2DM blood samples 
can serve as a valuable test for prognosis of implant treatment 
[42]. For this reason, the determination of the level of cytokines 
in patients with dental implants patients with type 2 diabetes 
is relevant. Based on this, the aim of this study is to monitor 
cytokine markers IL-1β and TNF-α in UV-photo functionalized 
and non UV-photo functionalized implants installed in 
patients with type 2 diabetes mellitus.

Materials and Methods

The study included 74 patients, with diabetes with unilateral/
bilateral missing teeth (39 men and 35 women aged 36 to 
63 years). The diagnosis of patients was based on clinical, 
laboratory, and radiographic criteria. Patients were given 
detailed information about the methods and concepts of 
treatment with short implants.

Inclusion criteria 

Patients with type 2 diabetes, single or multiple posterior 
missing teeth of the mandible and maxilla upper jaw, 
availability of space for prosthetics; residual bone height from 
> 8 mm; horizontal residual bone of at least > 6 mm.

Exclusion criteria

Uncontrolled oral and general disease.

Study design

The participants were randomly divided into 2 groups 
(Figure 1):
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•	 Group-A included 38 patients with UV-photo 
functionalized 204 implants.

•	 Group-B included 36 patients with non-UV-photo 
functionalized 183 implants.

The patients underwent a thorough clinical examination. 
The jaw bones were diagnosed using cone beam computed 
tomography (CT) and were analyzed in three dimensions to 
obtain the mean residual bone height. 

Implant surgery was performed after periodontal therapy. 
Patients underwent implantation with HbA1c levels <7.2% or 
less than 154 mg/dL. Postoperative control CT image is taken 
after implantation. 

Primary stability of implants ISQ (Implant Stability Quotient) 
was assessed uisng the resonance frequency analysis (RFA) 
method during implant placement, secondary stability after 
the submerged healing period (after 4-5 months) using Oss 
tell Mentor device (Oss tell AB, Goteborg, Sweden). Implant 
stability was assessed based on ISQ values, low implant 
stability with ISQ <60, medium with ISQ values of 60–70, and 
high with ISQ values >70.

Patients were advised to strictly follow the postoperative 
instructions. All patients were prescribed prophylactic 
antibiotics. Final dental prosthetics were performed after 
3-5 months with bridge prosthetics or crowns. The clinical 
parameters of the dental implant sites were evaluated by 
assessing probing depth (PD), the bleeding on probing index 
(BOP), marginal bone level (MBL).

MBL was assessed by X-ray image taken immediately (base 
line for comparison), 1 year, 3 years, and 5 years after implant 
installation, and the values were compared at the last follow-
up.

Control and postoperative radiographs were compared by 
analyzing the mesial and distal levels of crestal bone adjacent 
to the implant, and the mean values per implant were 
calculated. 

Blood serum concentrations of proinflammatory cytokines 
IL-1β and TNF-α were determined using enzyme-linked 
immunosorbent assay (ELISA) (Duo set kit; R&D diagnostics 
Inc, MN, USA) before and after dental implantation according 
to the manufacturers’ protocols. The serum cytokine levels 
were compared between both groups.

Statistical analysis

Statistical analyses were performed using SPSS software. 
Descriptive analysis (Mean ± SD for continuous and 
frequencies/proportion for categorical variables) were 
computed for all variables of interest. Differences between 
groups were evaluated using “chi-square” or “Fisher’s exact” 
tests for categorical variables and “Wilcoxon signed rank test” 
for continuous variables. Spearmen correlation was performed 
for determination of relationships between continuous 
variables. P-value was considered significant at <0.05 and 
<0.001 for highly significant results. Analyses were conducted 
using Excel 2013 and R software.

Figure 1. CONSORT FLOW CHART Study participants.
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Results

After implant surgery, the patients in Group-A had minimal 
postoperative reactions including swelling, discoloration, 
discomfort, while the patients in Group-b had a mild 
postoperative reaction including swelling, discoloration, and 
discomfort.

Clinical radiological results of dental implants in patients have 
shown satisfactory results and are encouraging. There were 
no clinical examinations of serious biological or prosthetic 
complications, and the functional and aesthetic outcome 
assessed for the patients was good.

A year after the functional load, 7 patients in Group-A and 
16 patients in Group-B were found to be having peri-implant 
mucositis, which was stopped after local conservative 
therapy. Three years after the functional load, 2 patients in 
Group-A and 6 patients in Group-B had mild peri-implantitis 
and 2 moderate were revealed, which was stopped by local 

conservative therapy or bone graft therapy.

The results of the clinical parameters ISQ are shown in Table 
1, and PD, BOP, MBL are shown in Table 2. The Survival rate of 
implants in Group-A patients during the 3 years of functional 
loading was 96,6%. The survival rate of implants in Group-B 
patients during the first year of functional loading was 94.8%. 
The reason for the loss of implants in Group-A patients was 
peri-implantitis, and in Group-B was peri-implantitis and failed 
osseointegration.

Preoperative serum IL-1β levels in Group-A and Group-B 
patients did not differ significantly. After implantation 
indicators of cytokines markers show correlation with Group-A 
and Group-B, the rates of IL-1β and TNF-α levels were higher 
in Group-B patients (Table 3, Figures 2 and 3). Analysis of 
the results showed the greatest increase in the levels of anti-
inflammatory cytokines in peri-mucositis and peri-implantitis 
(Table 4, Figure 4).

Table 1. Average mean ISQ (Implant Stability Quotient) of patients in each group.

Group ISQ p-value

After implant surgery After 4 months of implant surgery

Group-A (n=38) 69.2 ISQ 73.6 ISQ <0.05

Group-B (n=36) 68.7 ISQ 71.3I SQ <0.05

Table 2. Average mean clinical indices (BOP, PD, MBL) in patients of Group A and Group B.

Clinical index Time after implant surgery

 6 months 12 months 3 years p-value

Group A

BOP 0.93 1.16 1.37 <0.05

PD 1.21 mm 1.67 mm 1.98 mm <0.05

MBL 0.65 mm 0.87 mm 1.23 mm <0.05

Group B

BOP 1.23 1.84 2.1 <0.05

PD 0.56 mm 1.67 mm 2.34 mm <0.05

MBL 0.84 mm 1.23 mm 1.46 mm <0.05

Table 3. Average mean of cytokine markers IL-1β and TNF-α levels in patients of Group A and Group B.

Indicators Before implant surgery After implant surgery After 1 month of implant surgery p-value

Group A

IL-1β 16.2 pg/mL 18.3 pg/mL 21.73 pg/mL <0.05

TNF-α 4.31 pg/mL 4.6 pg/mL 5.1 pg/mL <0.05

Group B

IL-1β 15.9 pg/mL 23.2 pg/mL 25.3 pg/mL <0.05

TNF-α 4.2 pg/mL 6.1 pg/mL 6.5 pg/mL <0.05
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Figure 2. Average mean of IL-1β levels in patients of Group A and Group B.

 

 

 

 
  

Figure 3. Average mean of TNF-α levels in patients of Group A and Group B.
 

 

 

 

 

 
 

Figure 4. Incidence of peri-implant mucositis and peri-implantitis is higher in Group B compared to Group A after 3 months, 6 months, and 
3 years.

Table 4. Average mean of cytokines markers IL-1β and TNF-α in patients with per mucositis and peri-implantitis.

Indicators Peri-mucositis Peri-implantitis p-value

IL-1β 24.3 pg/mL 32.4 pg/mL <0.05

TNF-α 6.8 pg/mL 11.7 pg/mL <0.05
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Discussion

Peri-implantitis is a serious problem that reduces the 
lifespan of implants. Over the last decade, scientific literature 
has reported an increase in the prevalence of chronic peri-
implantitis, with it being diagnosed in 16–28% of cases [43-
45]. This is exacerbated by the unwarranted expansion of 
indications for dental implantation, as well as inadequately 
defined objectives for the comprehensive management of 
dental implant treatment. It can be suggested that the clinical 
manifestation of peri-implantitis depends not only on the 
initial state of immunity, but also on the level of functioning 
of other adaptive systems of the body. The main components 
of this system are the cytokine and antioxidant systems that 
interact in a single structural and functional unit and perform 
the basic functions of maintaining the constancy of internal 
homeostasis at a normal level in the body. It is known that 
disruption of free radical lipid oxidation contributes to the 
suppression of the function of immunocompetent cells and 
the synthesis of anti-inflammatory cytokines, which creates 
conditions for the formation of an inferior immune response 
and the development of a protracted chronic inflammatory 
process [33,46,47]. In turn, the lack of cytokines leads to 
disruption of the enzyme superoxide dismutase, which is one 
of the main enzymatic antioxidants [48].

Comprehensive studies of the cytokine system in individual 
patients, along with the identification of specific clinical 
and laboratory correlations in the development of active or 
low-grade complications during dental implantation, are 
particularly important for understanding the mechanisms 
underlying the inflammatory process in wound tissues 
after implant placement. Such studies can also aid in the 
development of new strategies for prevention. 

The inflammatory process and excessive synthesis of 
inflammatory mediators can enhance the development of 
complications after dental implantation. In patients with early 
and late peri-implantitis elevated levels of IL-1β cytokines are 
found compared to the healthy group [49-51].

Studies have shown that UV radiation on titanium implant 
surfaces enhances the efficiency of osseointegration. However, 
there is limited research on the antimicrobial effects of UV 
radiation on implants in patients with type 2 diabetes mellitus 
(T2DM), particularly with the monitoring of cytokine markers 
[52,53]. For this reason, determining cytokine levels in such 
patients is highly relevant in the context of dental implants.

The prevention of peri-mucositis and peri-implantitis 
focuses on inhibiting biofilm formation by modifying the 
implant surface to reduce bacterial colonization [51]. Among 
various surface modifications, UV radiation is considered 
a promising alternative for enhancing the antibacterial 
properties of implant surfaces [54]. Many authors in their 
studies have demonstrated the positive effect of UV radiation 
on osteointegration and antimicrobial activity [30,55].

To find out the antimicrobial effect of UV-photo 
functionalized dental implants against oral pathogens, we 
conducted a study and compared the levels of IL-1β -and 
TNF-α in the blood serum of patients after the use of photo 
functionalized and non-photo functionalized dental implants, 
and implants with peri-mucositis’s and peri-implantitis.

After dental implantation, an increase in IL-1β and TNF-α 
levels was observed, which plays a crucial role in the rapid 
tissue response to the introduction of foreign implants or 
surgical trauma. An increased concentration of cytokine 
markers in patients with T2DM with early postoperative 
complications may reflect the activity of the inflammatory 
process, which indicates that a systemic inflammatory 
response develops against the background of activation of 
the local inflammatory process. 

The study analyzed the treatment results of 74 patients with 
diabetes who had unilateral or bilateral missing teeth and 
underwent prosthetic rehabilitation with dental implants. 
Patients were randomly assigned to two groups. Group A 
included patients who received UV-photo-functionalized 
implants, while Group B included patients who received non-
UV-photo-functionalized implants. Serum concentrations 
of IL-1β and TNF-α were measured before and after dental 
implantation, and cytokine levels were compared between 
the two groups. Analysis of the clinical indexes and cytokine 
markers showed a correlation with the groups. In particular, 
the levels were higher in patients in Group B. The results of the 
study showed that implant failure occurred mainly after the 
1st stage of surgery and after 4-5 years of functional load it is 
associated with peri-implantitis. 

The results of this study showed that levels of IL-1β and 
TNF-α are correlated with peri-implantitis and can be used as 
markers for the diagnosis of peri-implant mucositis and peri-
implantitis. UV photo-functionalization is an effective tool for 
preventing peri-implantitis and biofilm formation in patients 
after dental implantation. Monitoring levels of the cytokines IL-
1β and TNF-α may aid in the early diagnosis of peri-implantitis 
and prognosis in high-risk patients with T2DM.

However, to obtain more convincing evidence of the 
effectiveness of the cytokine markers IL-1β and TNF-α, a 
larger sample size and a longer follow-up period are required. 
Further studies may also include additional cytokine markers.

Conclusion

Modification of the implant surface using UV photo 
functionalization has an antimicrobial effect and is one of the 
measures to prevent peri-implantitis in patients with T2DM. 

IL-1β and TNF-α assays are non-invasive means of studying 
the host response to peri-implant disease and may be a marker 
for early detection of peri-implantitis.
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