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Abstract
BACKGROUND 
Dental implants are widely used to replace missing teeth. Currently, clinicians 
assess osseointegration success by measuring the implant’s stability within the 
bone and monitoring the marginal tissue height. Diabetes, especially type 2 dia-
betes mellitus (T2DM), has been reported to impair implant healing, drastically 
reducing implant success rates.

AIM 
To analyze the high-risk factors for inflammatory response and prognosis after 
dental implantation in patients with T2DM, and provide strong evidence for re-
ducing the incidence of postimplant peri-implantitis (PI).

METHODS 
We performed a retrospective review of 146 patients with T2DM who had dental 
implants placed at Tianjin Fifth Central Hospital, between September 2021 and 
September 2023, which was regarded as the observation group. Moreover, 60 age- 
and gender-matched individuals with normal blood glucose levels served as the 
control group. The general information, postoperative periodontal indices, and 
levels of inflammatory factors were comprehensively analyzed and compared. 
Furthermore, the incidence of postimplant PI was counted, and multivariate lo-
gistic regression was used to identify the determinants of postimplant PI.

RESULTS 
In terms of the periodontal indices, the probing depth, modified sulcus bleeding 
index, and marginal bone loss in the observation cohorts began to increase sig-
nificantly at 6 months and 3 months, respectively, after the completion of dental 
implant restoration. The T2DM cases demonstrated significantly elevated counts 
of leukocytes, lymphocytes, and neutrophils compared to the controls at 24 hours 
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postoperatively. Moreover, the TNF-α, IL-1β, and IL-6 concentrations started to increase significantly in the 
gingival crevicular fluid 3 months after the completion of dental implant restoration in both cohorts, with the 
observation group exhibiting higher levels than the controls at each time point. 63 out of the 146 cases developed 
PI. Multivariate logistic regression analysis indicated that high glycosylated hemoglobin levels, smoking, daily 
tooth-brushing frequency of less than once, and the anterior tooth as the implant site independently contributed to 
postimplant PI in T2DM cases, while a tooth-brushing duration of ≥ 3 minutes was a protective factor.

CONCLUSION 
Patients with T2DM are at risk of developing PI following dental implantation. Clinically, it is necessary to enhance 
the identification of risk factors for postimplant PI, improve risk prediction, prevention, and control, and formulate 
targeted intervention countermeasures to reduce the occurrence of postimplant PI.
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Core Tip: Currently, oral rehabilitation is gradually achieved by placing dental implants. Despite generally good success rates 
for these implants, research shows that patients with diabetes, especially type 2 diabetes mellitus (T2DM), experience more 
failures. Therefore, the identification of patients at elevated risk for peri-implant inflammatory complications [e.g., peri-
implantitis (PI) and peri-implant mucositis] should be prioritized. This study focuses on analyzing the inflammatory 
response and contributors to postimplant PI in patients with T2DM, providing evidence for reducing the incidence of PI after 
dental implant surgery.
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INTRODUCTION
Nowadays, the application of dental implants for oral rehabilitation has become increasingly widespread[1]. Dental 
implantation primarily involves placing an implant into the human gum and installing a prosthetic tooth on it once the 
implant has firmly connected to the gum. This technique is mainly suitable for cases where the dentition is missing or 
defective. After the procedure, the teeth have a pleasing aesthetic appearance, the implant is highly stable with a long 
lifespan, and the patient experiences no substantial discomfort. This technology meets the demands of patients and 
dentists for aesthetics and masticatory function, as well as the increasing objective for minimally invasive solutions with 
high durability[2,3]. However, as the number of implants increases, complications become more prevalent[4], which is 
clinically observed as a substantial rise in cases that develop peri-implant soft/hard tissue pathologies and peri-im-
plantitis (PI) after implantation. PI can result in dental implant failure and severely impact the oral health of patients[5]. 
Therefore, effective preventive and treatment measures are required.

Research has confirmed that patients with diabetes, especially those with type 2 diabetes mellitus (T2DM), experience 
more dental implant failures than healthy patients[6]. Diabetes is closely associated with oral health, particularly 
periodontal health[7]. In some patients, the coexistence of diabetes severely impacts tissue-healing ability and body 
immunity, which results in poor implant-healing outcomes. Moreover, diabetes has long been regarded as a contributor 
to implant failures[8]. While diabetes is generally regarded as a relative contraindication in implant protocols, implant 
restoration is favored by most patients with diabetes with missing teeth. This is because it inflicts less damage on adjacent 
teeth and has a lesser effect on the alveolar bone compared with implant-fixed dental bridges and removable prosthetics. 
In addition, a previous study examined the 40-year trend of tooth loss among patients with and without diabetes over 
25 years old in the United States, and it was revealed that patients with diabetes lose almost twice as many teeth as 
patients without diabetes[9]. This finding coincides with the increased demand for implant restoration among patients 
with diabetes.

Despite the relatively high success rate of implants in conventional surgeries, dentists are required to screen out high-
risk candidates who are prone to developing peri-implant complications such as peri-implant mucositis and PI. Given the 
high incidence of diabetes and the current trend where an increasing number of individuals wish to restore missing teeth 
through implants, this study focuses on analyzing the inflammatory response after dental implantation in patients with 
T2DM, as well as the risk factors for PI, thus helping to reduce the incidence of postimplant PI.

https://www.wjgnet.com/1948-9358/full/v16/i10/110140.htm
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MATERIALS AND METHODS
Research participants
This study retrospectively examined the clinical records of patients with T2DM who had dental implants placed at Tianjin 
Fifth Central Hospital, between September 2021 and September 2023.

The inclusion criteria: (1) Patient age ≥ 40 years old; (2) Patient fulfilled all the diagnostic standards for T2DM; (3) Tissue 
at the tooth-missing site had healed for ≥ 4 months, and the bone tissue satisfied the requirements for dental implants, 
with only one implant placed; (4) No acute or chronic infectious diseases before the operation; (5) No disorders related to 
the heart, brain, kidney, retina, etc.; and (6) Complete clinical data were available.

The exclusion criteria: (1) Patients who had recently undergone periodontal surgery; (2) Patients who had recently 
received antibacterial therapy, immunosuppressants or anticoagulants; (3) Patients with the tissue at the tooth-missing 
site healed for < 4 months; (4) Patients with abnormal occlusion; (5) Patients with severe dysfunction of vital organs, such 
as the liver and kidneys; (6) Patients with mental illness or inability to cooperate in the study; and (7) Patients with 
incomplete clinical data.

Based on these criteria, 146 patients with T2DM undergoing dental implant procedures were selected as the ob-
servation group. In addition, 60 age- and sex-matched individuals with normal blood glucose levels were selected as the 
control group, whose fasting blood sugar level was < 6.0 mmol/L and glycosylated hemoglobin (HbA1c) was < 6.0%. The 
remaining inclusion and exclusion criteria for the control group were identical to those of the observation group 
(Figure 1).

Patient data collection
The patient-related data were collected by dedicated personnel via clinical data collation and case system collection, 
including:

General information: The patients’ gender, age, history of alcohol consumption, smoking history, HbA1c level, tooth-
brushing frequency (the Bass brushing technique), tooth-brushing time, as well as the implant site, implantation method, 
oral hygiene habits, and the presence or absence of postimplant PI were collected.

Short-term periodontal prognosis: All patients were re-examined at months 1, 3, and 6 after the completion of dental 
implant restoration (i.e., after the installation of the superstructure) to evaluate the periodontal condition, including the 
probing depth (PD), modified sulcus bleeding index (mSBI), and modified plaque index (mPLI). Meanwhile, radiographic 
evaluation quantified the marginal bone loss (MBL) surrounding the implant.

Implant stability: All patients were re-examined at months 1, 3, and 6 after the completion of dental implant restoration 
(superstructure installation). Resonance frequency analysis (Osstell) was employed to determine the implant stability 
quotient (ISQ), and the average value was taken from the three measurements at each measurement point. Elevated ISQ 
measurements correlate with superior implant fixation and more robust bone-to-implant contact, which are essential for 
surgical success and functional capacity during mastication. Different ISQ value ranges correspond to different states of 
implant stability: (1) 0-39: The implant is in a poor state of stability, which may imply infection, bone loss, bone re-
sorption, implant displacement, etc.; (2) 40-69: The implant is in a moderately stable state, which may imply that part of 
the bone is missing or that inflammation is affecting the peri-implant bone healing; (3) 70-84: The implant is in a good 
state of stability, which may imply that part of the bone is missing or that inflammation is affecting peri-implant bone 
healing, and 84: Indicates that the implant is in a good, stable state, and it can generally be assumed that the implant has 
been successfully placed with good healing around the bone tissue; and (4) 85-100: Indicates that the implant is in a very 
good, stable state with an intimate biological bonding at the bone-implant junction and a very high success rate.

Inflammation index in the serum: Preoperative and 24-hour postoperative venous blood draws were performed after an 
overnight fast, followed by routine blood tests to determine the levels of leukocytes, lymphocytes, and neutrophils using 
an automatic blood analyzer.

Biochemical indices in the gingival crevicular fluid were measured: The gingival crevicular fluid (GCF) around the 
implants was collected during the patients’ follow-up visits at months 1, 3, and 6 after the completion of dental implant 
restoration (subsequent to the installation of the superstructure). The specific operational procedure was as follows: First, 
patients rinsed their mouths with clear water, and sterile cotton swabs were used to dry the area in the vicinity of the 
gingival margin of the implant denture. Next, a sterile filter paper strip (with the specification of 2 mm × 8 mm) was 
inserted into the gingival sulcus of the implant tooth under examination. After remaining in place for 30 seconds, the strip 
was transferred to a sterile centrifuge tube and cryopreserved (-80 °C). During the detection process, the sampling cotton 
swab was retrieved and thawed, followed by dissolution by adding 1 mL of ultrapure water. Subsequently, ELISAs were 
performed to quantify the tumor necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6 in the GCF.

Diagnosis of PI: All patients underwent screening for PI either during follow-up visits or when they presented with 
symptoms of discomfort. The diagnostic criteria for postimplant PI were as follows: Bleeding upon periodontal probing, a 
PD of ≥ 5 mm, purulent exudate from the periodontal pocket within the implant area, and an oral X-ray examination 
revealing MBL ≥ 2 mm.
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Figure 1 Flow diagram of the patients selection. T2DM: Type 2 diabetes mellitus.

Statistical analysis
Sample size calculation was performed using PASS 15.0. The PI incidence, a categorical variable, was the primary 
measured outcome. Based on previous experience, the estimated incidence of PI was determined to be 40%. The tolerance 
error δ and α were set at 0.05. The sample size was then calculated using the “confidence intervals for one proportion” 
option in the software. The results indicated that the required sample size was 143 cases when assuming a dropout rate of 
20%. Therefore, a minimum of 143 research subjects were needed.

SPSS 25.0 was used to process the data. Quantitative data are presented as the mean ± SD. Following normality testing, 
data with a normal distribution were subjected to analysis with t-tests (inter-group comparisons) or least significant 
difference-t-tests (comparisons among multiple groups); otherwise, the rank-sum test was utilized. Categorical data are 
presented as percentages and analyzed by χ2 tests. Multivariable logistic regression models were constructed to examine 
associations. Statistical significance was denoted by a P value < 0.05.
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RESULTS
Baseline information
The two patient groups did not differ significantly in age, gender, smoking history, drinking history, or implantation-
related information (P > 0.05). However, the HbA1c level was significantly higher in patients with T2DM than in the 
controls (P < 0.05). The two patient groups were comparable (Table 1).

Periodontal indices of the two patient groups
Regarding the periodontal indices, the levels of PD, mSBI, and MBL in the observation groups began to increase 
significantly 6 months after the completion of dental implant restoration (P < 0.05) while PD, mSBI decreased in the 
control group. In addition, the observation group exhibited significantly higher PD, mSBI, mPLI, and MBL levels than the 
control group at 6 months after dental implant restoration (P < 0.05; Table 2).

GCF inflammatory factors in the two patient groups
The baseline leukocyte, lymphocyte, and neutrophil levels were comparable between the two groups (P > 0.05). At 24 
hours postoperatively, the observation group had notably elevated leukocyte, lymphocyte, and neutrophil counts 
compared to the control group (P < 0.05). The TNF-α, IL-1β, and IL-6 Levels in the GCF of observation group patients 
increased significantly 3 months after dental implant restoration (P < 0.05). At 6 months after dental implant restoration, 
these inflammatory factors gradually stabilized or decreased in the control group. However, these inflammatory factor 
levels were elevated in the observation group compared to those of the control group at months 3 and 6 after repair (P < 
0.05; Tables 3 and 4).

Implant stability
No evident inter-group difference in the ISQ was observed at month 1 after the implantation. However, at months 3 and 6 
after implantation, the ISQ presented an upward trend in both cohorts, with higher values in the control group than the 
observation group (P < 0.05; Table 5).

General data of the PI and non-PI groups
Sixty-three out of the 146 patients with T2DM developed postimplant PI. A comparison of the relevant factors between 
patients with and without PI revealed that age, smoking history, HbA1c level, implant site, alveolar bone quality, alveolar 
bone quality classification, and oral hygiene habits were associated with the occurrence of postimplant PI in patients with 
T2DM (P < 0.05; Table 6).

Periodontal indices and inflammatory factors in the PI and non-PI groups
Patients with PI exhibited significantly higher levels of PD and MBL, as well as elevated levels of TNF-α, IL-1β, and IL-6 
in the GCF, than patients without PI. Moreover, higher ISQ was observed in the non-PI group than in the PI group (P < 
0.05; Tables 7 and 8).

Analysis of factors influencing the development of PI
Multivariate logistic regression analysis indicated that high HbA1c levels, history of smoking, daily tooth-brushing 
frequency of < 1, and the anterior tooth as the implant site were independent risk factors for periodontal inflammation in 
patients with T2DM. Furthermore, a tooth-brushing duration of ≥ 3 minutes was a protective factor (Table 9).

DISCUSSION
The persistently high blood glucose levels among patients with diabetes can exert a certain degree of influence on the 
body’s tissue-healing ability and immune function. Moreover, this hyperglycemic state leads to a decline in the rate of 
bone formation, reducing the speed of implant healing and negatively affecting the peri-implant bone density and the 
process of osseointegration. As a result, diabetes is regarded as a contraindication in the field of dental implant treatment
[10]. However, recent research indicates comparable implant success rates between individuals with and without 
diabetes, thus reclassifying diabetes from an absolute to a relative contraindication status[11]. Nevertheless, the control of 
blood glucose levels is of crucial importance for the complication-free healing of dental implants. This study analyzed the 
blood inflammation indicators of T2DM and risk factors for the occurrence of PI.

The PD, mSBI, and MBL periodontal indices in the observation groups exhibited significant increases from month 6 
after the completion of dental implant restoration. Furthermore, the diabetic group exhibited significantly elevated levels 
of PD, mSBI, mPLI, and MBL compared to those of the control group after month 6, which is in agreement with previous 
research. In recent years, MBL, PD, and mSBI have emerged as crucial indicators for identifying peri-implant diseases[12]. 
MBL is a vital factor in assessing the surviving bone quality, as bone loss may result in bone pocket formation[13], while 
PD and mSBI are key parameters for the assessment of peri-implant inflammation. Alterations in these three indices are 
highly likely to culminate in unfavorable implant outcomes. Previous studies have shown significantly greater bone loss 
in patients with diabetes compared to healthy controls[14-16]. Moreover, several other investigations have found higher 
PD values in patients with diabetes than in the normal blood glucose group[17,18]. In addition, the GCF TNF-α, IL-1β, 
and IL-6 contents in the observation groups increased markedly 3 months after the completion of dental implant 
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Table 1 Comparison of general information between two patient groups

Groups Observation group (n = 146) Control group (n = 60) χ2/t P value

Gender 0.905 0.341

    Male 77 36

    Female 69 24

Age (years) 55.84 ± 4.67 55.57 ± 3.98 0.391 0.696

Glycosylated hemoglobin (%) 10.08 ± 2.43 4.83 ± 0.53 16.520 < 0.0001

Smoking history 63 21 1.170 0.279

Alcohol consumption history 58 19 1.180 0.277

Implant site 1.171 0.279

    Anterior teeth 68 23

    Molar teeth 78 37

Bone grafting 2.352 0.125

    With 78 25

    Without 68 35

Implantation method 0.119 0.730

    Submerged 72 28

    Non-submerged 74 32

Table 2 Comparison of periodontal indices between two patient groups

Groups Time points PD (mm) mSBI mPLI MBL

1 month after surgery 1.57 ± 0.22 0.61 ± 0.50 0.65 ± 0.59 0.51 ± 0.09

3 months after surgery 1.72 ± 0.24a,c 0.68 ± 0.57c 0.75 ± 0.65 0.62 ± 0.12a,c

Observation group (n = 146)

6 months after surgery 2.33 ± 0.27a,b,c 1.09 ± 0.72a,b,c 1.09 ± 0.80a,b,c 1.04 ± 0.17a,b,c

1 month after surgery 1.55 ± 0.16 0.60 ± 0.62 0.60 ± 0.56 0.49 ± 0.05

3 months after surgery 1.47 ± 0.14a 0.23 ± 0.43a 0.68 ± 0.62 0.69 ± 0.09a

Control group (n = 60)

6 months after surgery 1.17 ± 0.11a,b 0.17 ± 0.38a 0.72 ± 0.76 0.72 ± 0.09a

aP < 0.05 vs the level at 1 month after surgery in the same group.
bP < 0.05 vs the level at 3 months after surgery in the same group.
cP < 0.05 vs the control group at the same time point.
PD: Probing depth; mSBI: Modified sulcus bleeding index; mPLI: Modified plaque index; MBL: Marginal bone loss.

restoration, with higher levels found in the observation group at 3 and 6 months after restoration compared to the control 
group. This suggests that T2DM can exacerbate periodontal inflammatory reactions and accelerate the process of peri-
implant inflammation after implantation in patients with dentition defects. Thus, inflammatory factor levels gradually 
decreased over time in patients with normal blood glucose levels, whereas patients in the observation group with 
hyperglycemia exhibited a more severe inflammatory response after dental implants because of the influence of poor 
glycemic control. We believe that T2DM can trigger a series of pathological alterations, such as weakened immune 
responses and vascular endothelial damage. This can give rise to systemic tissue malnutrition and elevated osmotic 
pressure and potentially cause salivary secretion dysfunction, thereby further influencing the distribution of the oral flora 
and inducing the development of infections[19]. TNF-α is one of the earliest and most important inflammatory mediators 
that appear during inflammatory responses, activating neutrophils and lymphocytes; it participates in normal inflam-
matory processes and immune regulation and synergistically regulates other cytokine production, cellular viability, and 
apoptotic pathways to maintain tissue equilibrium[20]. Neutrophils, the most numerous leukocyte cell population in 
circulation, are the primary defense against bacterial infection and essential regulators of inflammatory homeostasis[21]. 
Systemic neutrophil elevation appears to be type-specific to T2DM, as this does not occur in patients without diabetes and 
those with type 1 diabetes. Clinical and experimental investigations in human and rodent models consistently de-
monstrate decreased chemotaxis, phagocytosis, and apoptosis in diabetic neutrophils, along with increased reactive 
oxygen species secretion, pro-inflammatory cytokine production, and neutrophil extracellular traposis[22]. Furthermore, 
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Table 3 Comparison of inflammatory factors in gingival crevicular fluid

Groups Time points TNF-α (ng/mL) IL-1β (ng/mL) IL-6 (ng/mL)

1 month after surgery 0.71 ± 0.07 0.52 ± 0.06 1.94 ± 0.22

3 months after surgery 1.42 ± 0.12a,c 1.04 ± 0.11a,c 3.07 ± 0.33a,c

Observation group (n = 146)

6 months after surgery 1.98 ± 0.18a,b,c 2.08 ± 0.28a,b,c 4.88 ± 0.47a,b,c

1 month after surgery 0.74 ± 0.08 0.52 ± 0.08 1.99 ± 0.15

3 months after surgery 0.67 ± 0.16a 0.50 ± 0.06 2.03 ± 0.21

Control group (n = 60)

6 months after surgery 0.70 ± 0.16 0.43 ± 0.08a,b 1.59 ± 0.08a,b

aP < 0.05 vs the level at 1 month after surgery in the same group.
bP < 0.05 vs the level at 3 months after surgery in the same group.
cP < 0.05 vs the control group at the same time point.
TNF-α: Tumor necrosis factor-α; IL-1β: Interleukin-1β; IL-6: Interleukin-6.

Table 4 Comparison of inflammatory factors in serum

White blood cells (× 109/L) Lymphocytes (× 109/L) Neutrophils (× 109/L)
Groups Before 

surgery
24 hours after 
surgery

Before 
surgery

24 hours after 
surgery

Before 
surgery

24 hours after 
surgery

Observation group (n = 
146)

6.63 ± 1.44 9.96 ± 2.39 1.72 ± 0.56 3.03 ± 0.43 2.84 ± 0.74 5.41 ± 0.84

Control group (n = 60) 6.29 ± 1.73 6.89 ± 1.60 1.87 ± 0.62 1.67 ± 0.51 2.98 ± 0.30 3.05 ± 0.74

t 1.448 9.129 1.637 19.640 1.453 18.890

P value 0.149 < 0.0001 0.103 < 0.0001 0.148 < 0.0001

Table 5 Comparison of implant stability between two patient groups

Groups Time points ISQ

1 month after surgery 55.49 ± 1.34

3 months after surgery 61.07 ± 1.95a,c

Observation group (n = 146)

6 months after surgery 65.88 ± 2.28a,b,c

1 month after surgery 55.48 ± 0.93

3 months after surgery 65.62 ± 2.12a

Control group (n = 60)

6 months after surgery 70.88 ± 3.59a,b

aP < 0.05 vs the level at 1 month after surgery in the same group.
bP < 0.05 vs the level at 3 months after surgery in the same group.
cP < 0.05 vs the control group at the same time point.
ISQ: Implant stability quotient.

this ultimately activates NF-κB, a transcription factor that modulates multiple cytokines (e.g., IL-1β and TNF-α), many of 
which are known to play a pathological role in PI[23]. Moreover, T2DM can cause disorders in collagen metabolism, 
driving variations in the structure of periodontal collagen fibers. This, in turn, damages the periodontal connective tissues 
and weakens the supporting function of the periodontal tissues for dental implants[24], ultimately enhancing the PI 
process.

In addition, by analyzing the factors associated with postimplant PI in patients with T2DM, we identified high HbA1c 
levels, smoking, daily tooth-brushing frequency of less than once, and the anterior tooth as the implantation site as 
independent contributors, while a tooth-brushing duration of ≥ 3 minutes was a protective factor. Relevant clinical data 
confirm that numerous factors influence PI after dental implantation in patients with T2DM, which mainly include 
periodontal history, blood glucose levels, and oral hygiene status[25-27]. Smoking constitutes a significant risk factor for 
various oral diseases. The harmful substances in tobacco, such as nicotine, can prompt the proliferation of highly 
pathogenic bacteria, thereby promoting the formation of dental plaque[28]. In addition, smoking can result in the 
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Table 6 Comparison of general data between peri-implantitis and non-peri-implantitis groups

Groups PI group (n = 63) Non-PI group (n = 83) χ2/t P value

Gender 0.168 0.682

    Male 32 45

    Female 31 38

Age (years) 56.78 ± 5.37 55.12 ± 3.98 2.150 0.033

Glycosylated hemoglobin (%) 11.11 ± 2.69 9.23 ± 1.96 4.827 < 0.0001

Smoking history 42 21 24.981 < 0.0001

Alcohol consumption history 21 37 1.891 0.169

Implant site 31.141 < 0.0001

    Anterior teeth 46 22

    Molar teeth 17 61

Bone grafting 0.2022 0.653

    With 35 43

    Without 28 40

Implantation method 0.417 0.519

    Submerged 33 39

    Non-submerged 30 44

Alveolar bone quality classification 8.417 0.015

    I 26 21

    II 23 19

    III 14 34

Oral hygiene habits

Daily tooth-brushing frequency (times) 15.901 < 0.0001

    ≤ 1 43 29

    > 1 20 54

Tooth-brushing after meals 5.370 0.021

    Yes 22 45

    No 41 38

Tooth-brushing duration (minutes) 51.861 < 0.0001

    < 3 49 15

    ≥ 3 14 68

PI: Peri-implantitis.

abnormal constriction of blood vessels in periodontal tissues, substantially increasing the blood viscosity of periodontal 
tissues and diminishing the ability of these tissues to fight off bacterial invasions. Consequently, implants become 
susceptible to bacterial infections, which can then trigger PI. Moreover, HbA1c levels are a crucial indicator that reflects 
the average blood glucose level in patients with T2DM. When a patient’s blood glucose remains persistently above 
normal levels, hyperglycemic toxicity can lead to pathological changes in periodontal microvessels. This can cause local 
hemodynamic abnormalities, putting periodontal tissues in a hypoxic or ischemic state, thereby significantly reducing the 
body’s immune function and creating favorable conditions for the proliferation of pathogenic bacteria, which ultimately 
induces PI[29]. Current guidelines universally emphasize the application of personalized HbA1c targets tailored to the 
individual patient characteristics. While the American Diabetes Association suggests 7% as appropriate for the general 
population, the American Association of Clinical Endocrinologists and American College of Endocrinology advocates for 
a more stringent goal of ≤ 6.5% when safely attainable[30]. Furthermore, the anterior tooth as an implant site is also 
considered a determinant of PI development. The primary reason for this is that the anterior dental zone has a thinner 
bone structure than the posterior zone, thus making it prone to excessive bone resorption after dental implantation[31] 
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Table 7 Comparison of periodontal indices between peri-implantitis and non-peri-implantitis groups

Groups PI group (n = 63) Non-PI group (n = 83) t P value

PD (mm) 2.39 ± 0.23 2.28 ± 0.30 2.458 0.015

mSBI 1.19 ± 0.64 1.01 ± 0.77 1.483 0.140

mPLI 1.19 ± 0.78 1.02 ± 0.81 1.248 0.214

MBL 1.09 ± 0.16 1.00 ± 0.17 3.175 0.002

ISQ 64.63 ± 1.90 66.83 ± 2.08 6.605 < 0.0001

PI: Peri-implantitis; PD: Probing depth; mSBI: Modified sulcus bleeding index; mPLI: Modified plaque index; MBL: Marginal bone loss; ISQ: Implant 
stability quotient.

Table 8 Comparison of inflammatory between peri-implantitis and non-peri-implantitis groups

Groups PI group (n = 63) Non-PI group (n = 83) t P value

TNF-α (ng/mL) 2.02 ± 0.15 1.95 ± 0.19 2.560 0.012

IL-1β (ng/mL) 2.17 ± 0.22 2.02 ± 0.30 3.526 0.0006

IL-6 (ng/mL) 5.08 ± 0.41 4.73 ± 0.46 4.691 < 0.0001

TNF-α: Tumor necrosis factor-α; IL-1β: Interleukin-1β; IL-6: Interleukin-6; PI: Peri-implantitis.

Table 9 Logistic analysis of factors influencing peri-implantitis

Variable Assignment β SE Wald P value HR 95%CI

Constant - -6.820 3.899 3.060 0.080 0.001 -

Age Continuous variable 0.035 0.063 0.317 0.573 1.036 0.916-1.172

Glycosylated hemoglobin Continuous variable 0.434 0.137 9.979 0.002 1.543 1.179-2.020

Smoking history 0 = none, 1 = yes 1.168 0.578 4.085 0.043 3.214 1.036-9.971

Implant site 0 = posterior teeth, 1 = anterior teeth 2.031 0.592 11.783 0.001 7.619 2.390-24.293

Alveolar bone quality classification (control = I) (0 = I, 1 = II, 2 = III) - - 1.714 0.424 - -

    II 0.168 0.669 0.063 0.802 1.183 0.319-4.389

    III -0.694 0.667 1.082 0.298 0.499 0.135-1.847

Daily tooth-brushing frequency 0 ≥ 1, 1 ≤ 1 1.206 0.559 4.662 0.031 3.340 1.118-9.982

Tooth-brushing after meals 0 = no, 1 = yes -0.645 0.557 1.344 0.246 0.524 0.176-1.562

Tooth-brushing duration 0 ≤ 3, 1 ≥ 3 -2.746 0.602 20.824 0.000 0.064 0.020-0.209

HR: Hazard ratio.

and the development of PI. Brushing teeth no more than once a day leads to an insufficient tooth-brushing frequency, 
failing to remove oral microorganisms in a timely and effective manner, and resulting in poor oral plaque control, thereby 
also inducing the development of PI. Furthermore, the duration of tooth-brushing was also identified as a vital factor.

This study also has several limitations. First, the retrospective nature of the study required that primary outcomes as 
well as confounders be identified based solely on electronic records from hospitals. In addition, patient compliance (e.g., 
blood glucose monitoring frequency and tooth-brushing records) was not assessed, which may influence the in-
terpretation of results. Second, even though retrospective studies are able to reveal associations between events, 
retrospective analysis has limited applicability for causal inference. This is because of its inability to control for other 
variables that may have influenced the outcome, such as the inability to determine the temporal relationship between 
smoking and PI. Finally, being a small-sized, single-center clinical study, the findings obtained need to be validated by a 
multicenter clinical study with more observation cases included. Therefore, further validation through a well-executed, 
randomized controlled trial with prospective data recording and sample size expansion is warranted.
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CONCLUSION
To sum up, patients with T2DM are at risk of developing PI after dental implantation. In clinical practice, it is crucial to 
focus on enhancing the capacity to identify the postimplant PI risk factors and emphasize the role of risk prediction, 
prevention, and control. During the postdischarge period, continuous health education should be vigorously in-
corporated to encourage and guide patients to consistently use mouthwash to clean the dental implant area. Moreover, it 
is essential to ensure that they have mastered the correct brushing technique and have an enhanced awareness of oral 
hygiene to effectively prevent the development of PI. In addition, smoking cessation and blood glucose level control are 
of vital importance for these patients, as they are essential factors in reducing the risk of developing PI.

FOOTNOTES
Author contributions: Li ZY designed the research and wrote the first manuscript; Li ZY, Yu HY and Liang H contributed to conceiving 
the research and analyzing data; Li ZY conducted the analysis and provided guidance for the research; all authors reviewed and 
approved the final manuscript.

Supported by Tianjin Municipality Health Science and Technology Project, No. TJWJ2023MS052.

Institutional review board statement: This study was approved by the Ethic Committee of Tianjin Fifth Central Hospital.

Informed consent statement: Patients were not required to give informed consent to the study because the analysis used anonymous 
clinical data that were obtained after each patient agreed to treatment by written consent.

Conflict-of-interest statement: There is no conflict of interest.

Data sharing statement: No additional data are available.

STROBE statement: The authors have read the STROBE Statement—checklist of items, and the manuscript was prepared and revised 
according to the STROBE Statement—checklist of items.

Open Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: China

ORCID number: Zhang-Yi Li 0009-0008-0438-3826.

S-Editor: Li L 
L-Editor: A 
P-Editor: Xu ZH

REFERENCES
1 Huang YC, Huang YC, Ding SJ. Primary stability of implant placement and loading related to dental implant materials and designs: A 

literature review. J Dent Sci 2023; 18: 1467-1476 [RCA] [PMID: 37799926 DOI: 10.1016/j.jds.2023.06.010] [FullText] [Full Text(PDF)]
2 Francisco H, Marques D, Pinto C, Aiquel L, Caramês J. Is the timing of implant placement and loading influencing esthetic outcomes in 

single-tooth implants?-A systematic review. Clin Oral Implants Res 2021; 32 Suppl 21: 28-55 [RCA] [PMID: 34642985 DOI: 
10.1111/clr.13811] [FullText]

3 Kandavalli SR, Wang Q, Ebrahimi M, Gode C, Djavanroodi F, Attarilar S, Liu S. A Brief Review on the Evolution of Metallic Dental 
Implants: History, Design, and Application. Front Mater 2021; 8: 646383 [DOI: 10.3389/fmats.2021.646383] [FullText]

4 Sbricoli L, Bazzi E, Stellini E, Bacci C. Systemic Diseases and Biological Dental Implant Complications: A Narrative Review. Dent J (Basel) 
2022; 11: 10 [RCA] [PMID: 36661547 DOI: 10.3390/dj11010010] [FullText]

5 Kwon T, Wang CW, Salem DM, Levin L. Nonsurgical and surgical management of biologic complications around dental implants: peri-
implant mucositis and peri-implantitis. Quintessence Int 2020; 51: 810-820 [RCA] [PMID: 32577710 DOI: 10.3290/j.qi.a44813] [FullText]

6 Andrade CAS, Paz JLC, de Melo GS, Mahrouseh N, Januário AL, Capeletti LR. Survival rate and peri-implant evaluation of immediately 
loaded dental implants in individuals with type 2 diabetes mellitus: a systematic review and meta-analysis. Clin Oral Investig 2022; 26: 1797-
1810 [RCA] [PMID: 34586502 DOI: 10.1007/s00784-021-04154-6] [FullText] [Full Text(PDF)]

7 González-Moles MÁ, Ramos-García P. State of Evidence on Oral Health Problems in Diabetic Patients: A Critical Review of the Literature. J 
Clin Med 2021; 10: 5383 [RCA] [PMID: 34830663 DOI: 10.3390/jcm10225383] [FullText] [Full Text(PDF)]

8 Al Ansari Y, Shahwan H, Chrcanovic BR. Diabetes Mellitus and Dental Implants: A Systematic Review and Meta-Analysis. Materials (Basel) 
2022; 15: 3227 [RCA] [PMID: 35591561 DOI: 10.3390/ma15093227] [FullText] [Full Text(PDF)]
Luo H, Pan W, Sloan F, Feinglos M, Wu B. Forty-Year Trends in Tooth Loss Among American Adults With and Without Diabetes Mellitus: 9

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0008-0438-3826
http://orcid.org/0009-0008-0438-3826
https://referencecitationanalysis.com/InCiteJournalInfo?id=13699
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jds.2023.06.010
http://www.ncbi.nlm.nih.gov/pubmed/37799926
https://dx.doi.org/10.1016/j.jds.2023.06.010
https://dx.doi.org/10.1016/j.jds.2023.06.010
https://dx.doi.org/10.1016/j.jds.2023.06.010
https://rcastoragev2.blob.core.windows.net/12110db6f08d0fe023714309bb49f359/main.PMC10548003.pdf
https://rcastoragev2.blob.core.windows.net/12110db6f08d0fe023714309bb49f359/main.PMC10548003.pdf
https://rcastoragev2.blob.core.windows.net/12110db6f08d0fe023714309bb49f359/main.PMC10548003.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=6516
https://referencecitationanalysis.com/articles?id=10.1111%2fclr.13811
http://www.ncbi.nlm.nih.gov/pubmed/34642985
https://dx.doi.org/10.1111/clr.13811
https://dx.doi.org/10.1111/clr.13811
https://dx.doi.org/10.1111/clr.13811
https://dx.doi.org/10.3389/fmats.2021.646383
https://dx.doi.org/10.3389/fmats.2021.646383
https://dx.doi.org/10.3389/fmats.2021.646383
https://referencecitationanalysis.com/InCiteJournalInfo?id=164406
https://referencecitationanalysis.com/articles?id=10.3390%2fdj11010010
http://www.ncbi.nlm.nih.gov/pubmed/36661547
https://dx.doi.org/10.3390/dj11010010
https://dx.doi.org/10.3390/dj11010010
https://dx.doi.org/10.3390/dj11010010
https://referencecitationanalysis.com/articles?id=10.3290%2fj.qi.a44813
http://www.ncbi.nlm.nih.gov/pubmed/32577710
https://dx.doi.org/10.3290/j.qi.a44813
https://dx.doi.org/10.3290/j.qi.a44813
https://dx.doi.org/10.3290/j.qi.a44813
https://referencecitationanalysis.com/InCiteJournalInfo?id=6517
https://referencecitationanalysis.com/articles?id=10.1007%2fs00784-021-04154-6
http://www.ncbi.nlm.nih.gov/pubmed/34586502
https://dx.doi.org/10.1007/s00784-021-04154-6
https://dx.doi.org/10.1007/s00784-021-04154-6
https://dx.doi.org/10.1007/s00784-021-04154-6
https://rcastoragev2.blob.core.windows.net/1c1e431d357596af68288ea35b4c7a7d/PMC8479496.pdf
https://rcastoragev2.blob.core.windows.net/1c1e431d357596af68288ea35b4c7a7d/PMC8479496.pdf
https://rcastoragev2.blob.core.windows.net/1c1e431d357596af68288ea35b4c7a7d/PMC8479496.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=13429
https://referencecitationanalysis.com/InCiteJournalInfo?id=13429
https://referencecitationanalysis.com/articles?id=10.3390%2fjcm10225383
http://www.ncbi.nlm.nih.gov/pubmed/34830663
https://dx.doi.org/10.3390/jcm10225383
https://dx.doi.org/10.3390/jcm10225383
https://dx.doi.org/10.3390/jcm10225383
https://rcastoragev2.blob.core.windows.net/708b3c721da205e87d03a3dcc5076493/PMC8618619.pdf
https://rcastoragev2.blob.core.windows.net/708b3c721da205e87d03a3dcc5076493/PMC8618619.pdf
https://rcastoragev2.blob.core.windows.net/708b3c721da205e87d03a3dcc5076493/PMC8618619.pdf
https://referencecitationanalysis.com/articles?id=10.3390%2fma15093227
http://www.ncbi.nlm.nih.gov/pubmed/35591561
https://dx.doi.org/10.3390/ma15093227
https://dx.doi.org/10.3390/ma15093227
https://dx.doi.org/10.3390/ma15093227
https://rcastoragev2.blob.core.windows.net/a5f58a533e0dd61166fa1b7ef08308b8/PMC9105616.pdf
https://rcastoragev2.blob.core.windows.net/a5f58a533e0dd61166fa1b7ef08308b8/PMC9105616.pdf
https://rcastoragev2.blob.core.windows.net/a5f58a533e0dd61166fa1b7ef08308b8/PMC9105616.pdf


Li ZY et al. Dental implants for patients with type 2 diabetes

WJD https://www.wjgnet.com 11 October 15, 2025 Volume 16 Issue 10

An Age-Period-Cohort Analysis. Prev Chronic Dis 2015; 12: E211 [RCA] [PMID: 26632952 DOI: 10.5888/pcd12.150309] [FullText] [Full 
Text(PDF)]

10 Naujokat H, Kunzendorf B, Wiltfang J. Dental implants and diabetes mellitus-a systematic review. Int J Implant Dent 2016; 2: 5 [RCA] 
[PMID: 27747697 DOI: 10.1186/s40729-016-0038-2] [FullText] [Full Text(PDF)]

11 Nourah D, Aldahlawi S, Andreana S. Should the Quality of Glycemic Control Guide Dental Implant Therapy in Patients with Diabetes? Focus 
on Implant Survival. Curr Diabetes Rev 2022; 18: e060821195367 [RCA] [PMID: 34365929 DOI: 10.2174/1573399817666210806120300] 
[FullText]

12 Monje A, Salvi GE. Diagnostic methods/parameters to monitor peri-implant conditions. Periodontol 2000 2024; 95: 20-39 [RCA] [PMID: 
38923148 DOI: 10.1111/prd.12584] [FullText]

13 Atieh MA, AlAli F, Alsabeeha NHM. Outcome of supportive peri-implant therapy on the rates of peri-implant diseases and marginal bone 
loss: a systematic review and meta-analysis. Quintessence Int 2021; 52: 122-131 [RCA] [PMID: 33433078 DOI: 10.3290/j.qi.a45428] [Full
Text]

14 Al Zahrani S, Al Mutairi AA. Stability and bone loss around submerged and non-submerged implants in diabetic and non-diabetic patients: a 
7-year follow-up. Braz Oral Res 2018; 32: e57 [RCA] [PMID: 29995063 DOI: 10.1590/1807-3107bor-2018.vol32.0057] [FullText]

15 Al Amri MD, Kellesarian SV, Al-Kheraif AA, Malmstrom H, Javed F, Romanos GE. Effect of oral hygiene maintenance on HbA1c levels and 
peri-implant parameters around immediately-loaded dental implants placed in type-2 diabetic patients: 2 years follow-up. Clin Oral Implants 
Res 2016; 27: 1439-1443 [RCA] [PMID: 26756309 DOI: 10.1111/clr.12758] [FullText]

16 Aguilar-Salvatierra A, Calvo-Guirado JL, González-Jaranay M, Moreu G, Delgado-Ruiz RA, Gómez-Moreno G. Peri-implant evaluation of 
immediately loaded implants placed in esthetic zone in patients with diabetes mellitus type 2: a two-year study. Clin Oral Implants Res 2016; 
27: 156-161 [RCA] [PMID: 25623884 DOI: 10.1111/clr.12552] [FullText]

17 Alsahhaf A, Alshiddi IF, Alshagroud RS, Al-Aali KA, Vohra F, Abduljabbar T. Clinical and radiographic indices around narrow diameter 
implants placed in different glycemic-level patients. Clin Implant Dent Relat Res 2019; 21: 621-626 [RCA] [PMID: 31037825 DOI: 
10.1111/cid.12778] [FullText]

18 Cabrera-Domínguez JJ, Castellanos-Cosano L, Torres-Lagares D, Pérez-Fierro M, Machuca-Portillo G. Clinical performance of titanium-
zirconium implants with a hydrophilic surface in patients with controlled type 2 diabetes mellitus: 2-year results from a prospective case-
control clinical study. Clin Oral Investig 2020; 24: 2477-2486 [RCA] [PMID: 31701247 DOI: 10.1007/s00784-019-03110-9] [FullText]

19 Negrini TC, Carlos IZ, Duque C, Caiaffa KS, Arthur RA. Interplay Among the Oral Microbiome, Oral Cavity Conditions, the Host Immune 
Response, Diabetes Mellitus, and Its Associated-Risk Factors-An Overview. Front Oral Health 2021; 2: 697428 [RCA] [PMID: 35048037 
DOI: 10.3389/froh.2021.697428] [FullText] [Full Text(PDF)]

20 Jang DI, Lee AH, Shin HY, Song HR, Park JH, Kang TB, Lee SR, Yang SH. The Role of Tumor Necrosis Factor Alpha (TNF-α) in 
Autoimmune Disease and Current TNF-α Inhibitors in Therapeutics. Int J Mol Sci 2021; 22: 2719 [RCA] [PMID: 33800290 DOI: 
10.3390/ijms22052719] [FullText] [Full Text(PDF)]

21 Margraf A, Lowell CA, Zarbock A. Neutrophils in acute inflammation: current concepts and translational implications. Blood 2022; 139: 
2130-2144 [RCA] [PMID: 34624098 DOI: 10.1182/blood.2021012295] [FullText]

22 Floyd JL, Prasad R, Dupont MD, Adu-Rutledge Y, Anshumali S, Paul S, Li Calzi S, Qi X, Malepati A, Johnson E, Jumbo-Lucioni P, Crosson 
JN, Mason JO 3rd, Boulton ME, Welner RS, Grant MB. Intestinal neutrophil extracellular traps promote gut barrier damage exacerbating 
endotoxaemia, systemic inflammation and progression of diabetic retinopathy in type 2 diabetes. Diabetologia 2025; 68: 866-889 [RCA] 
[PMID: 39875729 DOI: 10.1007/s00125-024-06349-4] [FullText] [Full Text(PDF)]

23 Liu T, Zhang L, Joo D, Sun SC. NF-κB signaling in inflammation. Signal Transduct Target Ther 2017; 2: 17023-17023 [RCA] [PMID: 
29158945 DOI: 10.1038/sigtrans.2017.23] [FullText] [Full Text(PDF)]

24 Zhang Z, Ji C, Wang D, Wang M, Song D, Xu X, Zhang D. The burden of diabetes on the soft tissue seal surrounding the dental implants. 
Front Physiol 2023; 14: 1136973 [RCA] [PMID: 36875028 DOI: 10.3389/fphys.2023.1136973] [FullText]

25 Darby I. Risk factors for periodontitis & peri-implantitis. Periodontol 2000 2022; 90: 9-12 [RCA] [PMID: 35913624 DOI: 10.1111/prd.12447] 
[FullText] [Full Text(PDF)]

26 Nibali L, Gkranias N, Mainas G, Di Pino A. Periodontitis and implant complications in diabetes. Periodontol 2000 2022; 90: 88-105 [RCA] 
[PMID: 35913467 DOI: 10.1111/prd.12451] [FullText]

27 Rokaya D, Srimaneepong V, Wisitrasameewon W, Humagain M, Thunyakitpisal P. Peri-implantitis Update: Risk Indicators, Diagnosis, and 
Treatment. Eur J Dent 2020; 14: 672-682 [RCA] [PMID: 32882741 DOI: 10.1055/s-0040-1715779] [FullText] [Full Text(PDF)]

28 Reis INRD, do Amaral GCLS, Hassan MA, Villar CC, Romito GA, Spin-Neto R, Pannuti CM. The influence of smoking on the incidence of 
peri-implantitis: A systematic review and meta-analysis. Clin Oral Implants Res 2023; 34: 543-554 [RCA] [PMID: 36939434 DOI: 
10.1111/clr.14066] [FullText]

29 Karatas O, Balci Yuce H, Taskan MM, Gevrek F, Lafci E, Kasap H. Histological evaluation of peri-implant mucosal and gingival tissues in 
peri-implantitis, peri-implant mucositis and periodontitis patients: a cross-sectional clinical study. Acta Odontol Scand 2020; 78: 241-249 
[RCA] [PMID: 31746655 DOI: 10.1080/00016357.2019.1691256] [FullText]

30 Qaseem A, Wilt TJ, Kansagara D, Horwitch C, Barry MJ, Forciea MA; Clinical Guidelines Committee of the American College of Physicians, 
Fitterman N, Balzer K, Boyd C, Humphrey LL, Iorio A, Lin J, Maroto M, McLean R, Mustafa R, Tufte J. Hemoglobin A1c Targets for 
Glycemic Control With Pharmacologic Therapy for Nonpregnant Adults With Type 2 Diabetes Mellitus: A Guidance Statement Update From 
the American College of Physicians. Ann Intern Med 2018; 168: 569-576 [RCA] [PMID: 29507945 DOI: 10.7326/M17-0939] [FullText]

31 Song X, Li L, Gou H, Xu Y. Impact of implant location on the prevalence of peri-implantitis: A systematic review and meta- analysis. J Dent 
2020; 103: 103490 [RCA] [PMID: 33007363 DOI: 10.1016/j.jdent.2020.103490] [FullText]

https://referencecitationanalysis.com/InCiteJournalInfo?id=19419
https://referencecitationanalysis.com/articles?id=10.5888%2fpcd12.150309
http://www.ncbi.nlm.nih.gov/pubmed/26632952
https://dx.doi.org/10.5888/pcd12.150309
https://dx.doi.org/10.5888/pcd12.150309
https://dx.doi.org/10.5888/pcd12.150309
https://rcastoragev2.blob.core.windows.net/50679f909aad3da095cf5eeb6499a0cd/PMC4674438.pdf
https://rcastoragev2.blob.core.windows.net/50679f909aad3da095cf5eeb6499a0cd/PMC4674438.pdf
https://rcastoragev2.blob.core.windows.net/50679f909aad3da095cf5eeb6499a0cd/PMC4674438.pdf
https://rcastoragev2.blob.core.windows.net/50679f909aad3da095cf5eeb6499a0cd/PMC4674438.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=11681
https://referencecitationanalysis.com/articles?id=10.1186%2fs40729-016-0038-2
http://www.ncbi.nlm.nih.gov/pubmed/27747697
https://dx.doi.org/10.1186/s40729-016-0038-2
https://dx.doi.org/10.1186/s40729-016-0038-2
https://dx.doi.org/10.1186/s40729-016-0038-2
https://rcastoragev2.blob.core.windows.net/12189db677ac2f8da8d3b8b6cc288a2d/PMC5005734.pdf
https://rcastoragev2.blob.core.windows.net/12189db677ac2f8da8d3b8b6cc288a2d/PMC5005734.pdf
https://rcastoragev2.blob.core.windows.net/12189db677ac2f8da8d3b8b6cc288a2d/PMC5005734.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=164298
https://referencecitationanalysis.com/articles?id=10.2174%2f1573399817666210806120300
http://www.ncbi.nlm.nih.gov/pubmed/34365929
https://dx.doi.org/10.2174/1573399817666210806120300
https://dx.doi.org/10.2174/1573399817666210806120300
https://dx.doi.org/10.2174/1573399817666210806120300
https://referencecitationanalysis.com/InCiteJournalInfo?id=18914
https://referencecitationanalysis.com/articles?id=10.1111%2fprd.12584
http://www.ncbi.nlm.nih.gov/pubmed/38923148
https://dx.doi.org/10.1111/prd.12584
https://dx.doi.org/10.1111/prd.12584
https://dx.doi.org/10.1111/prd.12584
https://referencecitationanalysis.com/articles?id=10.3290%2fj.qi.a45428
http://www.ncbi.nlm.nih.gov/pubmed/33433078
https://dx.doi.org/10.3290/j.qi.a45428
https://dx.doi.org/10.3290/j.qi.a45428
https://dx.doi.org/10.3290/j.qi.a45428
https://referencecitationanalysis.com/InCiteJournalInfo?id=4039
https://referencecitationanalysis.com/articles?id=10.1590%2f1807-3107bor-2018.vol32.0057
http://www.ncbi.nlm.nih.gov/pubmed/29995063
https://dx.doi.org/10.1590/1807-3107bor-2018.vol32.0057
https://dx.doi.org/10.1590/1807-3107bor-2018.vol32.0057
https://dx.doi.org/10.1590/1807-3107bor-2018.vol32.0057
https://referencecitationanalysis.com/InCiteJournalInfo?id=6516
https://referencecitationanalysis.com/InCiteJournalInfo?id=6516
https://referencecitationanalysis.com/articles?id=10.1111%2fclr.12758
http://www.ncbi.nlm.nih.gov/pubmed/26756309
https://dx.doi.org/10.1111/clr.12758
https://dx.doi.org/10.1111/clr.12758
https://dx.doi.org/10.1111/clr.12758
https://referencecitationanalysis.com/InCiteJournalInfo?id=6516
https://referencecitationanalysis.com/articles?id=10.1111%2fclr.12552
http://www.ncbi.nlm.nih.gov/pubmed/25623884
https://dx.doi.org/10.1111/clr.12552
https://dx.doi.org/10.1111/clr.12552
https://dx.doi.org/10.1111/clr.12552
https://referencecitationanalysis.com/InCiteJournalInfo?id=6468
https://referencecitationanalysis.com/articles?id=10.1111%2fcid.12778
http://www.ncbi.nlm.nih.gov/pubmed/31037825
https://dx.doi.org/10.1111/cid.12778
https://dx.doi.org/10.1111/cid.12778
https://dx.doi.org/10.1111/cid.12778
https://referencecitationanalysis.com/InCiteJournalInfo?id=6517
https://referencecitationanalysis.com/articles?id=10.1007%2fs00784-019-03110-9
http://www.ncbi.nlm.nih.gov/pubmed/31701247
https://dx.doi.org/10.1007/s00784-019-03110-9
https://dx.doi.org/10.1007/s00784-019-03110-9
https://dx.doi.org/10.1007/s00784-019-03110-9
https://referencecitationanalysis.com/articles?id=10.3389%2ffroh.2021.697428
http://www.ncbi.nlm.nih.gov/pubmed/35048037
https://dx.doi.org/10.3389/froh.2021.697428
https://dx.doi.org/10.3389/froh.2021.697428
https://dx.doi.org/10.3389/froh.2021.697428
https://rcastoragev2.blob.core.windows.net/acc91680cdcc83b429a3f5a3c0864e18/PMC8757730.pdf
https://rcastoragev2.blob.core.windows.net/acc91680cdcc83b429a3f5a3c0864e18/PMC8757730.pdf
https://rcastoragev2.blob.core.windows.net/acc91680cdcc83b429a3f5a3c0864e18/PMC8757730.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=11724
https://referencecitationanalysis.com/articles?id=10.3390%2fijms22052719
http://www.ncbi.nlm.nih.gov/pubmed/33800290
https://dx.doi.org/10.3390/ijms22052719
https://dx.doi.org/10.3390/ijms22052719
https://dx.doi.org/10.3390/ijms22052719
https://rcastoragev2.blob.core.windows.net/ea55a731c89920d430723f9f94f5dc36/PMC7962638.pdf
https://rcastoragev2.blob.core.windows.net/ea55a731c89920d430723f9f94f5dc36/PMC7962638.pdf
https://rcastoragev2.blob.core.windows.net/ea55a731c89920d430723f9f94f5dc36/PMC7962638.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=3753
https://referencecitationanalysis.com/articles?id=10.1182%2fblood.2021012295
http://www.ncbi.nlm.nih.gov/pubmed/34624098
https://dx.doi.org/10.1182/blood.2021012295
https://dx.doi.org/10.1182/blood.2021012295
https://dx.doi.org/10.1182/blood.2021012295
https://referencecitationanalysis.com/InCiteJournalInfo?id=8009
https://referencecitationanalysis.com/articles?id=10.1007%2fs00125-024-06349-4
http://www.ncbi.nlm.nih.gov/pubmed/39875729
https://dx.doi.org/10.1007/s00125-024-06349-4
https://dx.doi.org/10.1007/s00125-024-06349-4
https://dx.doi.org/10.1007/s00125-024-06349-4
https://rcastoragev2.blob.core.windows.net/1bdd99edbf3b9e499cb86c5b0eb95d3e/125_2024_6349_MOESM1_ESM.pdf
https://rcastoragev2.blob.core.windows.net/1bdd99edbf3b9e499cb86c5b0eb95d3e/125_2024_6349_MOESM1_ESM.pdf
https://rcastoragev2.blob.core.windows.net/1bdd99edbf3b9e499cb86c5b0eb95d3e/125_2024_6349_MOESM1_ESM.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=21209
https://referencecitationanalysis.com/articles?id=10.1038%2fsigtrans.2017.23
http://www.ncbi.nlm.nih.gov/pubmed/29158945
https://dx.doi.org/10.1038/sigtrans.2017.23
https://dx.doi.org/10.1038/sigtrans.2017.23
https://dx.doi.org/10.1038/sigtrans.2017.23
https://rcastoragev2.blob.core.windows.net/3e6c90c076085eb2840ae899af5fe9b6/PMC5661633.pdf
https://rcastoragev2.blob.core.windows.net/3e6c90c076085eb2840ae899af5fe9b6/PMC5661633.pdf
https://rcastoragev2.blob.core.windows.net/3e6c90c076085eb2840ae899af5fe9b6/PMC5661633.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=9551
https://referencecitationanalysis.com/articles?id=10.3389%2ffphys.2023.1136973
http://www.ncbi.nlm.nih.gov/pubmed/36875028
https://dx.doi.org/10.3389/fphys.2023.1136973
https://dx.doi.org/10.3389/fphys.2023.1136973
https://dx.doi.org/10.3389/fphys.2023.1136973
https://referencecitationanalysis.com/InCiteJournalInfo?id=18914
https://referencecitationanalysis.com/articles?id=10.1111%2fprd.12447
http://www.ncbi.nlm.nih.gov/pubmed/35913624
https://dx.doi.org/10.1111/prd.12447
https://dx.doi.org/10.1111/prd.12447
https://dx.doi.org/10.1111/prd.12447
https://rcastoragev2.blob.core.windows.net/08841903b2e6a4ee76b650587eaa14d0/PRD-90-9.PMC9804916.pdf
https://rcastoragev2.blob.core.windows.net/08841903b2e6a4ee76b650587eaa14d0/PRD-90-9.PMC9804916.pdf
https://rcastoragev2.blob.core.windows.net/08841903b2e6a4ee76b650587eaa14d0/PRD-90-9.PMC9804916.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=18914
https://referencecitationanalysis.com/articles?id=10.1111%2fprd.12451
http://www.ncbi.nlm.nih.gov/pubmed/35913467
https://dx.doi.org/10.1111/prd.12451
https://dx.doi.org/10.1111/prd.12451
https://dx.doi.org/10.1111/prd.12451
https://referencecitationanalysis.com/InCiteJournalInfo?id=172631
https://referencecitationanalysis.com/articles?id=10.1055%2fs-0040-1715779
http://www.ncbi.nlm.nih.gov/pubmed/32882741
https://dx.doi.org/10.1055/s-0040-1715779
https://dx.doi.org/10.1055/s-0040-1715779
https://dx.doi.org/10.1055/s-0040-1715779
https://rcastoragev2.blob.core.windows.net/dfd4ff6f99173bd8e7a95f4bd4de0e07/10-1055-s-0040-1715779.PMC7536094.pdf
https://rcastoragev2.blob.core.windows.net/dfd4ff6f99173bd8e7a95f4bd4de0e07/10-1055-s-0040-1715779.PMC7536094.pdf
https://rcastoragev2.blob.core.windows.net/dfd4ff6f99173bd8e7a95f4bd4de0e07/10-1055-s-0040-1715779.PMC7536094.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=6516
https://referencecitationanalysis.com/articles?id=10.1111%2fclr.14066
http://www.ncbi.nlm.nih.gov/pubmed/36939434
https://dx.doi.org/10.1111/clr.14066
https://dx.doi.org/10.1111/clr.14066
https://dx.doi.org/10.1111/clr.14066
https://referencecitationanalysis.com/InCiteJournalInfo?id=850
https://referencecitationanalysis.com/articles?id=10.1080%2f00016357.2019.1691256
http://www.ncbi.nlm.nih.gov/pubmed/31746655
https://dx.doi.org/10.1080/00016357.2019.1691256
https://dx.doi.org/10.1080/00016357.2019.1691256
https://dx.doi.org/10.1080/00016357.2019.1691256
https://referencecitationanalysis.com/InCiteJournalInfo?id=2094
https://referencecitationanalysis.com/articles?id=10.7326%2fm17-0939
http://www.ncbi.nlm.nih.gov/pubmed/29507945
https://dx.doi.org/10.7326/M17-0939
https://dx.doi.org/10.7326/M17-0939
https://dx.doi.org/10.7326/M17-0939
https://referencecitationanalysis.com/InCiteJournalInfo?id=13700
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jdent.2020.103490
http://www.ncbi.nlm.nih.gov/pubmed/33007363
https://dx.doi.org/10.1016/j.jdent.2020.103490
https://dx.doi.org/10.1016/j.jdent.2020.103490
https://dx.doi.org/10.1016/j.jdent.2020.103490


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2025 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Research participants
	Patient data collection
	Statistical analysis

	RESULTS
	Baseline information
	Periodontal indices of the two patient groups
	GCF inflammatory factors in the two patient groups
	Implant stability
	General data of the PI and non-PI groups
	Periodontal indices and inflammatory factors in the PI and non-PI groups
	Analysis of factors influencing the development of PI

	DISCUSSION
	CONCLUSION
	FOOTNOTES
	REFERENCES

