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Abstract: Objective: To evaluate the efficacy of minocycline hydrochloride combined with metronidazole versus met-
ronidazole alone in treating peri-implantitis and their impact on specific inflammatory markers. Methods: A retro-
spective review was undertaken of 107 patients with peri-implantitis from January 2018 to January 2021. Patients 
were treated either with metronidazole alone (Con group, n = 57) or with additional minocycline hydrochloride (Exp 
group, n = 50). Inflammatory markers, including interleukin-6 (IL-6), interleukin-1 beta (IL-1β), tumor necrosis factor 
alpha (TNF-α), and matrix metalloproteinase-8 (MMP-8) were determined before and after treatment. Clinical out-
comes were determined using the plaque index (PLI), gingival sulcus bleeding index (SBI), and periodontal probing 
depth (PD). Furthermore, receiver operator characteristic (ROC) curves analyzed the clinical relevance of the mark-
ers. Logistic regression was conducted to analyze the risk factors affecting efficacy in patients. Results: The Exp 
group exhibited more favorable clinical outcomes and showed lower levels of IL-6, IL-1β, TNF-α, and MMP-8 than the 
Con group. IL-1β, TNF-α, and MMP-8 levels were significantly correlated with treatment success (P < 0.05), but IL-6 
was not (P > 0.05). The ROC curves for IL-1β and TNF-α significantly outperformed those for IL-6 and MMP-8 (P < 
0.05). Logistic regression analysis showed that only IL-1β and TNF-α were independent risk factors affecting efficacy 
in patients. Conclusion: Combining minocycline hydrochloride with metronidazole yields better outcomes for peri-
implantitis compared to metronidazole alone. Of the factors analyzed, only IL-1β and TNF-α emerged as dependable 
independent efficacy indicators.
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Introduction

Implant restoration is a common and crucial 
method to restore missing teeth in the clinic, 
including for patients with periodontitis [1]. 
With the continuous optimization of implant 
methods, the safety, reliability, and wearing 
comfort of implant restoration have been gre- 
atly improved [2]. Despite the high success rate 
of dental implants, complications such as peri-
implantitis are still frequently seen [3]. Peri-
implant diseases that affect the tissue around 
the implant can lead to inflammation [4]. The 
average prevalence of peri-implant mucositis 
based on the implant and on the subject are 
29.48% and 46.83%, respectively [5].

Reportedly, inflammation is central to the pro-
gression and pathology of peri-implantitis. 

Certain inflammatory markers have gained 
attention as potential indicators of disease pro-
gression and therapeutic outcome. Specifically, 
interleukins (ILs), such as IL-6 and IL-1β, and 
tumor necrosis factor α (TNF-α) are key pro-
inflammatory cytokines in the pathology of 
inflammatory conditions, including peri-implan-
titis [6]. IL-6, a multifunctional cytokine with 
crucial function in immune response modula-
tion, has been found to increase in the peri-
implant crevicular fluid (PICF) of peri-implantitis 
sites [7]. Its levels are correlated with the sever-
ity of inflammation and bone resorption. IL-1β, 
another significant pro-inflammatory cytokine, 
has been shown to be instrumental in the initia-
tion of a host response against microbial chal-
lenges, especially in the oral environment. 
Elevated IL-1β concentrations in PICF are con-
sistently associated with clinical signs of peri-
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implant inflammation and tissue breakdown 
[8]. TNF-α is a central mediator of the inflam-
matory response and is related to osteoclasto-
genesis, a critical process of bone loss in peri-
implantitis. Recent research has shown that 
increased TNF-α in PICF can be a potent indica-
tor of active peri-implant tissue destruction [9]. 
Matrix metalloproteinases (MMPs), particularly 
MMP-8, have also been highlighted in the con-
text of peri-implant diseases. MMP-8, often 
termed collagenase-2, is involved in the degra-
dation of extracellular matrix in pathologic pro-
cesses. Elevated levels of MMP-8 have been 
reported in peri-implantitis sites, suggesting its 
involvement in the degradation of peri-implant 
tissues [10].

Currently, there is no standard treatment plan 
for peri-implantitis in clinical practice. Peri-
implantitis is mainly intervened by active pre-
vention and anti-infection therapy [11]. Me- 
tronidazole is a commonly used periodontal 
antibacterial drug. By inhibiting the synthesis  
of sensitive bacteria deoxyribonucleic acid, it 
can kill a variety of bacteria, and substantially 
alleviate symptoms such as gingival bleeding 
and periodontal pocket pyorrhea, so it has 
become a first choice for clinical therapy of 
periodontal diseases [12, 13]. However, treat-
ment with only one drug delivers relatively lower 
clinical efficacy, so it is frequently prescribed 
with other drugs [14]. The antibacterial spec-
trum of minocycline hydrochloride is close to 
that of tetracycline, and its mechanism of 
action is to inhibit the synthesis of proteins  
by binding to the A position of bacterial ribo-
some 30S subunit, thereby preventing exten-
sion of the peptide chain, which is effective 
against tetracycline/penicillin-resistant Staphy- 
lococcus aureus, Streptococcus, Escherichia 
coli, and other drug-resistant bacteria [15,  
16]. Minocycline hydrochloride and metronida-
zole are extensively used for treatment of 
peri-implantitis.

However, there is a lack of biological indicators 
for evaluating the efficacy of peri-implantitis. 
Given the evidence pointing towards the signifi-
cance of these markers in peri-implantitis, the 
present study aims to further elucidate their 
roles in the context of specific therapeutic 
interventions, offering a more nuanced under-
standing of disease progression and treatment 
outcome.

Methods and data

Clinical data

Data of 107 patients with peri-implantitis tre- 
ated in 980 Hospital, Joint Logistics Support 
Force of the People’s Liberation Army from 
January 2018 to January 2021 were retrospec-
tively analyzed. Among them, 57 patients treat-
ed with metronidazole were assigned to a con-
trol group (Con group), and the other 50 receiv-
ing additional minocycline hydrochloride were 
assigned to an experimental group (Exp group). 
This study was approved by the Medical Ethics 
Committee of 980 Hospital, Joint Logistics 
Support Force of the People’s Liberation Army. 
Inclusion criteria: Patients who exhibited a gin-
gival sulcus bleeding index (SBI) > 1, periodon-
tal probing depth (PD) > 4 mm, and plaque 
index (PLI) > 1; patients who had their dental 
implant for over 6 months; patients with com-
plete medical records; patients who received 
the specified drug treatment and inflammatory 
factor examinations after operation. Exclusion 
criteria: Patients without detailed clinical case 
data; patients with tumors, cardiovascular or 
cerebrovascular diseases, or other systemic 
conditions; patients who had consumed antibi-
otics or immunosuppressants within the two 
weeks prior to their consultation; patients who 
did not complete the treatment. A flow chart is 
provided in Figure 1 to diagram the study.

Therapeutic regimen

Therapeutic regimen of the Con group: Each 
patient was given conventional therapy supple-
mented by metronidazole (Shandong Fangming 
Pharmaceutical Group Co., Ltd., China, State 
Food and Drug Administration (SFDA) approval 
number: H20057598, 20 g/0.15 g). Specifi- 
cally, the upper gum was cleaned and scraped 
to remove tartar. Both the crown surface cor-
responding to the implant teeth and the implant 
abutment were cleaned with a curette. The sur-
rounding implants were replaced and cleaned 
alternately using hydrogen peroxide and 0.9% 
sodium chloride solution, and adjuvant therapy 
with metronidazole was carried out by injecting 
metronidazole gel into the area around the 
prosthesis once a week, for 4 weeks.

Therapeutic regimen of the Exp group: On the 
basis of the Con group, additional minocycline 
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therapy was given to the Exp group. Specifica- 
lly, minocycline hydrochloride ointment (Japan, 
Sunstar INC, approval number: H20150106) 
was injected into the area around the implant, 
once a week, for 4 weeks.

Index detection

ELISA was used for quantification of IL-6 
(ml058097), IL-1β (ml058059), TNF-α (ml0- 

Evaluation criteria of efficacy

Cured: Disappearance of the pain and swelling 
around the gums, decrease of SBI by more than 
1 point, and normal probing depth; markedly 
effective: Great alleviation of pain and redness 
around the gums, decrease of SBI by 1 point, 
basically normal probing depth, and no puru-
lent secretion; ineffective: None of the above 
was met [17].

Figure 1. Study flow chart. Notes: PLI: plaque index; SBI: gingival sulcus 
bleeding index; PD: periodontal probing depth; IL-6: Interleukin-6; IL-1β: In-
terleukin-1 beta; TNF-α: Tumor necrosis factor alpha; MMP-8: Matrix metal-
loproteinase-8.

77385), and MMP-8 (ml05- 
8676) in patients before and 
after the treatment with kits 
from Shanghai Enzyme-link- 
ed Biotechnology Co., Ltd. 
(China). Specifically, serum 
was extracted from patient 
blood samples, and 50 μL 
buffer for sample analysis 
was added to each well, 
followed by 2-h incubation 
with 50 μL serum (or stan- 
dard) at room temperature. 
The plate was cleaned 5 tim- 
es after incubation, followed 
by addition of biotinylated 
antibody (100 μl/well), seal- 
ing, and 1-h incubation at 
indoor temperature. Subsequ- 
ently, the plate was cleaned 
again, followed by addition of 
horseradish peroxidase (100 
μl/well), sealing, and 20-min 
incubation at indoor tem- 
perature in the dark. Then 
chromogenic substrate TMB 
was added (100 μl/well), fo- 
llowed by 20-min incubation 
at indoor temperature in the 
dark. Last, stopping solution 
was added (50 μl/well), and 
the value was read within 15 
min. A microplate reader was 
adopted to measure the wa- 
velength and determine the 
maximum absorption wave- 
length at 450 nm. Three 
groups of duplicate holes 
were set, and the assay was 
performed three times. All 
indicators were obtained fr- 
om the patient’s electronic 
medical records.
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Outcome measures

Primary outcome measures: The two groups 
were compared in terms of the expression of 
IL-6, IL-1β, TNF-α, and MMP-8 before and after 
therapy, and the clinical efficacy on the two 
groups after therapy was evaluated. PLI, SBI 
and PD of the two groups were compared 
before and after therapy. Logistic regression 
was conducted to analyze the risk factors 
affecting the efficacy on patients.

Secondary outcome measures: Patients with a 
cured or markedly effective response were 
assigned to the effective group, and those with 
an ineffective response were assigned to the 
ineffective group. The expression of IL-6, IL-1β, 
TNF-α, and MMP-8 was compared between 
these two groups after therapy. The clinical 
value of the 4 indicators in the efficacy evalua-
tion of patients was analyzed through receiver 
operator characteristic (ROC) curves. The clini-
cal data were also compared between the two 
groups.

index (BMI), course of disease, past medical 
history, or implant restoration time (all P > 0.05, 
Table 1).

Comparison of clinical efficacy between the 
two groups

The efficacy in the two groups was statistically 
analyzed. The Con group had 18 cured cases, 
27 markedly effective cases, and 12 ineffec-
tive cases, while the Exp group had 27 cured 
cases, 19 markedly effective cases, and 4 inef-
fective cases. The rank sum test revealed bet-
ter clinical efficacy in the Exp group than in the 
Con group (P < 0.05, Table 2).

Comparison of PLI, SBI, and PD between the 
two groups

The expression changes in PLI, SBI, and PD 
were compared between the two groups before 
and after therapy. Before therapy, the expres-
sion of them were similar between the two 
groups (P > 0.05), while after therapy, the 

Table 1. Comparison of clinical data

Factor Control group 
(n = 57)

Experimental 
group (n = 50) P-value

Age (years) 0.444
    ≥ 35 27 20
    < 35 30 30
Gender 0.194
    Male 33 35
    Female 24 15
BMI (kg/m2) 22.45±3.40 23.23±3.06 0.217
Course of disease (years) 3.93±2.03 4.37±2.11 0.284
Past medical history
    Hypertension 16 13 0.810
    Diabetes mellitus 10 11 0.563
    Hyperlipemia 8 6 0.756
Implant restoration time 4.07±0.51 4.06±0.68 0.878
Note: BMI: Body mass index.

Table 2. Comparison of clinical efficacy

Group Cured Markedly  
effective Ineffective

Control group (n = 57) 18 27 12
Experimental group (n = 50) 27 19 4
Z value -2.581
P-value 0.010

Statistical analyses

In this study, SPSS20.0 was used for 
statistical analyses of the collected 
data, and GraphPad 7 for visualiza-
tion of the data. A chi-square test was 
adopted to analyze the general data 
of patients. In terms of the biologic 
indicators of patients, the normally 
distributed data were described as 
the mean ± SD. Inter-group and intra-
group comparisons of the data were 
conducted using the independent-
samples t test and paired t test, 
respectively. ROC curves were drawn 
to evaluate the value of inflammatory 
factors in the evaluation of efficacy 
on peri-implantitis. Logistic regres-
sion was conducted to analyze the 
risk factors affecting the efficacy on 
patients. P < 0.05 was considered a 
significant difference.

Results

Comparison of clinical data

According to comparison of clinical 
data, the two groups did not differ  
in terms of age, gender, body mass 
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Figure 2. Comparison of PLI, SBI, and PD after therapy. A. Comparison of the changes in PLI between the two 
groups after therapy. B. Comparison of the changes in SBI between the two groups after therapy. C. Comparison of 
the changes in PD between two groups after therapy. Notes: ***P < 0.001; PLI: plaque index; SBI: gingival sulcus 
bleeding index; PD: periodontal probing depth.

expression levels decreased 
notably in both groups (P < 
0.05), with lower expression 
levels in the Exp group than  
in the Con group (P < 0.05, 
Figure 2).

Changes in serum inflamma-
tory indexes before and after 
therapy

The expression changes of 
IL-6, IL-1β, TNF-α, and MMP-8 
were compared between the 
two groups before and after 
therapy. Before therapy, the 
expression of them was simi-
lar between the two groups (P 
> 0.05), while after therapy, 
the expression levels in both 
groups decreased (P < 0.05), 
with lower expression levels in 
the Exp group than in the Con 
group (P < 0.05, Figure 3).

Evaluation of inflammation 
indexes for efficacy in peri-
implantitis

According to clinical efficacy, 
the patients were assigned to 
an effective group (n = 91) or 

Figure 3. Changes in serum IL-6, IL-1β, TNF-α, and MMP-8 expression before 
and after treatment. A. Changes in serum IL-6 expression in the two groups 
before and after treatment. B. Changes in serum IL-1β expression in the two 
groups before and after treatment. C. Changes in serum TNF-α expression 
in the two groups before and after treatment. D. Changes in serum MMP-
8 expression in the two groups before and after treatment. Notes: ***P < 
0.001; IL-6: Interleukin-6; IL-1β: Interleukin-1 beta; TNF-α: Tumor necrosis 
factor alpha; MMP-8: Matrix metalloproteinase-8.
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an ineffective group (n = 16). These two groups 
were compared in terms of the expression of 
IL-6, IL-1β, TNF-α and MMP-8 before and after 
therapy, and notably lower levels of IL-1β, TNF-
α, and MMP-8 were found in the effective group 
than in the ineffective group (all P < 0.05, 
Figure 4), but IL-6 was not different between 
the two groups (P > 0.05). According to further 
analysis based on ROC curves, the areas under 
the curves of IL-6, IL-1β, TNF-α, and MMP-8 for 
evaluating the clinical efficacy in patients with 
peri-implantitis were 0.643, 0.722, 0.728 and 
0.661, respectively (Figure 5), but no statistical 
difference was found between curve of IL-6 and 
the standard line (P > 0.05). Therefore, IL-1β, 

TNF-α, and MMP-8 can be adopted as indices 
to evaluate the clinical efficacy in peri-implanti-
tis. In addition, Delong test showed that there 
was no difference in the areas under the curves 
between IL-1β and TNF-α and between those of 
IL-6 and MMP-8. However, the areas under the 
curves of IL-1β and TNF-α were significantly 
larger than those of IL-6 and MMP-8 (P < 0.05, 
Table 3).

Analysis on risk factors of efficacy

Patients were divided into an effective group (n 
= 91) and an ineffective group (n = 16) accord-
ing to efficacy. By comparison, it was found that 

Figure 4. Expression of inflammatory indices in peri-implantitis patients experiencing different efficacy. A. Compari-
son of serum IL-6 expression between the effective group and the ineffective group after therapy. B. Comparison 
of serum IL-1β expression between the effective group and the ineffective group after therapy. C. Comparison of 
serum TNF-α expression between the effective group and the ineffective group after therapy. D. Comparison of 
serum MMP-8 expression between the effective group and the ineffective group after therapy. Notes: *P < 0.05, 
**P < 0.01, ***P < 0.001; IL-6: Interleukin-6; IL-1β: Interleukin-1 beta; TNF-α: Tumor necrosis factor alpha; MMP-8: 
Matrix metalloproteinase-8.

Figure 5. The value of inflammatory indices in evaluating efficacy in peri-implantitis. A. Value of IL-6 expression in 
evaluating efficacy. B. Value of IL-1β expression in evaluating efficacy. C. Value of TNF-α expression in evaluating 
efficacy. D. Value of MMP-8 expression in evaluating efficacy. Notes: IL-6: Interleukin-6; IL-1β: Interleukin-1 beta; 
TNF-α: Tumor necrosis factor alpha; MMP-8: Matrix metalloproteinase-8.
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IL-1β, TNF-α, and MMP-8 were strongly corre-
lated with the efficacy in patients (P < 0.05, 
Table 4). The risk factors were assigned (Table 
5), and then subjected to logistic regression 
analysis. As a result, only IL-1β and TNF-α were 
found to be independent risk factors affecting 
the efficacy (P < 0.05, Table 6).

Discussion

After peri-implantitis, there will be inflammatory 
hyperplasia in the mucosa near the implant, 

research, the use of antibiotics alone will 
increase the drug resistance in patients and 
reduce the efficacy [22]. Therefore, combined 
antibiotic therapy is frequently adopted in clini-
cal practice for higher efficacy. As a semi-syn-
thetic tetracycline antibiotic with broad-spec-
trum antibacterial activity, minocycline hydro-
chloride possesses remarkable effects on fac-
ultative anaerobes. It can kill the pathogenic 
bacteria around the implant, and inhibit the 
bacteria from adhering to the surface of the 
implant, and serve as a strong anti-inflammato-

Table 3. DeLong test

Test pair Z value P value AUC difference Standard error
Asymptotic 95% confidence interval

Lower limit Upper limit
IL6 - IL-1β -2.334 0.020 -0.079 0.333 -0.146 -0.013
IL6 - TNF-α -2.339 0.019 -0.085 0.329 -0.156 -0.014
IL6 - MMP-8 -1.216 0.224 -0.018 0.327 -0.048 0.011
IL1β - TNF-α -0.112 0.910 -0.005 0.338 -0.101 0.090
IL-1β - MMP-8 2.324 0.020 0.061 0.335 0.010 0.113
TNF-α - MMP-8 1.79 0.073 0.067 0.332 -0.006 0.140
Notes: IL-6: Interleukin-6; IL-1β: Interleukin-1 beta; TNF-α: Tumor necrosis factor alpha; MMP-8: Matrix metalloproteinase-8.

Table 4. Univariate analysis

Factor Effective group 
(n = 91)

Ineffective group 
(n = 16) P-value

Age (years) 0.595
    ≥ 35 39 8
    < 35 52 8
Gender 0.639
    Male 57 11
    Female 34 5
BMI (kg/m2) 23.11±3.83 22.76±3.17 0.460
Course of disease (years) 4.74±2.42 4.04±2.00 0.230
Past medical history
    Hypertension 24 5 0.685
    Diabetes mellitus 17 4 0.557
    Hyperlipemia 11 3 0.466
Implant restoration time 4.06±0.57 4.07±0.59 0.940
Note: BMI: body mass index.

Table 5. Assignment
Factor Assignment
Therapeutic regimen Control group = 1, experimental group = 0
IL-1β ≥ 65.545 = 1, < 65.545 = 0
TNF-α ≥ 0.7 = 1, < 0.7 = 0
MMP-8 ≥ 1.4 = 1, < 1.4 = 0
Efficacy Cured + Markedly effective = 0, Ineffective = 1
Note: TNF-α: Tumor necrosis factor alpha.

abscess and fistula, which are 
harmful to patients’ oral health. 
Without treatment, the recipient 
may eventually lose the implant 
due to these symptoms [18]. As  
a direct result of the increasing 
popularization of dental implants, 
a growing number of related com-
plications have been found [19]. 
However, there is currently no 
standardized therapeutic regimen 
in clinical practice, so it is of great 
significance to search for an effec-
tive therapeutic regimen for peri- 
implantitis.

Currently, supragingival scaling 
and subgingival curettage are 
usually adopted as basic therapy 
in clinical scenarios, but subgingi-
val plaque around the implant can 
trigger peri-implantitis, so metro-
nidazole supplemented with anti-
biotics can inhibit the formation  
of bacterial deoxyribonucleic acid 
as well as the reproduction and 
growth of bacteria [20]. With a 
good sterilization effect, metroni-
dazole is the first choice for cli 
nical therapy of peri-implantitis 
[21]. However, according to recent 
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ry drug [23]. The present study compared the 
effects of minocycline combined with metroni-
dazole and metronidazole alone for peri-implan-
titis. Similar to the results acquired by Sun et al. 
[24], the results of the present study showed 
that minocycline combined with metronidazole 
delivered higher clinical efficacy and substan-
tially improved the clinical efficacy, PD, PLI, and 
SBI.

Peri-implantitis refers to the inflammation-dom-
inated lesions around the implant with osseoin-
tegration [25]. The present study analyzed the 
expression changes in IL-6, IL-1β, TNF-α, and 
MMP-8 before and after therapy. IL-6 is a pleio-
tropic cytokine, which participates in not only 
immune response, but also inflammation, 
hematopoiesis, bone metabolism, embryonic 
development, and other basic processes [26]. 
Prior research has revealed that IL-6 could 
reflect inflammation by a notably increased 
expression in the process of human inflamma-
tory reaction [27]. IL-1β is one of the earliest 
recognized cytokines and an effective pro-
inflammatory cytokine, which is crucial for the 
host’s defense response to infection and injury 
[28]. TNF-α is a frequently seen inflammatory 
factor produced by the secretion of macro-
phages and adipocytes in adipose tissue, and 
its expression increases in the case of inflam-
mation, tumor, or infection in the body [29]. The 
expression of MMP-8 mainly comes from fibro-
blasts and macrophages in patients’ gingival 
crevicular fluid, which takes a particularly cru-
cial part in the process of tissue destruction 
[30]. In the present study, inflammatory indexes 
in the two groups before and after therapy we- 
re determined. After therapy, the Exp group 
showed notably lower expression of serum IL-6, 
IL-1β, TNF-α, and MMP-8 than the Con group, 
indicating that for patients with peri-implantitis, 
the combined therapy can promote plaque 
regression and reduce inflammatory reaction. 
This is primarily due to the fact that with a good 

affinity to the bone tissue of patients with peri-
odontitis around the implant and strong infiltra-
tion ability, minocycline helps to resist the cor-
responding enzyme activity of collagenase and 
promote the regeneration of periodontal tissue, 
thus actively improving the periodontal index 
and delivering a better local therapy effect. 
Finally, the value of IL-6, IL-1β, TNF-α and 
MMP-8 after therapy in the evaluation of effi-
cacy was analyzed. IL-1β, TNF-α, and MMP-8 
were found to be useful indices to evaluate 
peri-implantitis. In addition, through Delong 
test, it was found that the areas under the 
curves of IL-1β and TNF-α were larger than 
those of IL-6 and MMP-8, suggesting a certain 
value of IL-1β and TNF-α in predicting efficacy.

At the end of the study, it was identified that 
only IL-1β and TNF-α were independent risk fac-
tors affecting the efficacy in patients. IL-1β and 
TNF-α play a key role in inflammatory reaction 
and also take a crucial part in chronic inflam-
mation, such as periodontal disease, bone 
absorption, connective tissue degradation, and 
immune cell activation. They may affect the 
severity and treatment response of implant 
inflammation through these mechanisms. In 
the development of periodontal disease and 
implant inflammation, the interaction between 
host immune response and microorganisms 
plays a key role. IL-1β and TNF-α can reflect the 
host’s immune response, which may in turn 
affect the therapeutic effect. However, in the 
present research, the therapeutic regimen was 
not an independent risk factor affecting the 
efficacy in patients, possibly because the ther-
apeutic regimen itself had no significant influ-
ence on the efficacy after controlling for other 
variables (such as the levels of IL-1β and 
TNF-α).

However, this study still has limitations. Firstly, 
the sample size collected in this study is small. 
Secondly, we did not include healthy samples 

Table 6. Risk factor analysis

Factor β Standard error Wald P value OR value
95% CI

Lower limit Upper limit
Therapeutic regimen 1.159 0.660 3.080 0.079 3.187 0.873 11.629
IL-1β 2.116 0.807 6.875 0.009 8.301 1.706 40.378
TNF-α 1.534 0.721 4.522 0.033 4.638 1.128 19.075
MMP-8 0.423 0.617 0.471 0.493 1.527 0.456 5.115
Notes: IL-1β: interleukin 1 beta; TNF-α: tumor necrosis factor alpha; MMP-8: matrix metalloproteinase 8.
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for comparison. Finally, prior research has 
found it is more accurate to detect patients’ 
gingival crevicular fluid for diagnosis of gum-
related diseases. However, since this study is a 
retrospective study, it is impossible to collect 
more clinical samples. Therefore, we hope to 
carry out a randomized controlled study in the 
future to improve the study design.

In summary, minocycline hydrochloride com-
bined with metronidazole is superior to metro-
nidazole alone in the treatment of peri-implanti-
tis. Expression of IL-1β and TNF-α can serve as 
reliable independent predictors for evaluating 
the clinical efficacy in patients after therapy.
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