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AIM: Chronic periodontitis leads to gingival swelling, hyperplasia, and tooth mobility, which affects orthodontic treatment. The aim of
this study was to investigate the application of cefaclor in orthodontics through micro-implant anchorage in patients with periodontitis.
METHODS: A retrospective study was conducted on patients with periodontitis who received micro-implant anchorage treatment in
the department of orthodontics at the First People’s Hospital of Yongkang City from July 2019 to January 2022. According to different
treatment regimens, these patients were divided into the test group (patients receiving cefaclor and micro-implant anchorage treatment)
and the control group (patients receiving micro-implant anchorage treatment only). The plaque index (PLI), gingival index (GI), sulcus
bleeding index (SBI), and serum inflammatory factor levels were compared between the two groups after treatment.
RESULTS: One hundred and five patients were included in the study, (44 males and 61 females, median age 21 [15–25] years), 51 in the
cefaclor group and 54 in the no cefaclor group. After treatment, the PLI, GI, and SBI scores in the two groups were higher than those
before treatment, and the levels of serum inflammatory markers significantly increased (p < 0.05). After treatment, the PLI, GI, and
SBI scores in the test group were significantly lower than those in the control group (p < 0.001). The levels of serum interleukin-1β,
interleukin-6, interleukin-8, and tumor necrosis factor-α were significantly lower in the test group, and the interleukin-2 level was higher
in the test group (p < 0.001). There was no significant difference in the incidence of complications between the two groups (p > 0.05).
CONCLUSIONS: Cefaclor and micro-implant anchorage have a good clinical effect on orthodontics in patients with periodontitis, im-
proving periodontal health and reducing inflammatory response.
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Introduction
Malocclusion is a common developmental deformity in
clinical practice, which is closely related to genetics, envi-
ronment, bad habits, and other factors [1]. An earlier study
has shown that the incidence of teeth hypoplasia is high in
orthodontic patients, reaching approximately 4.6%, which
is more common in females [2]. Oral diseases lead to severe
functional and verbal impairments, as well as tooth loss in
adults [3]. The conventional anchorage devices include the
trans palatal arch, fixed lingual arch, extraoral arch, Nance
arch, and lip bumper, which require patient compliance.
However, the conventional devices lack stability, they are
not comfortable, and their clinical effect is less than ideal
[4, 5].
In 2015, the First People’s Hospital of Yongkang City in-
troduced micro-implant anchorage. This method relies on
an embedding force applied to bone tissues for orthodontic
treatment [6]. Micro-implant anchorage is safe, and it offers
comfortable treatment that involves simple surgery, little
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trauma, and high stability, which have been unanimously
recognized by dentists and patients. Studies have shown
that orthodontic treatments cause a stress response in the
body, leading to an increase in the level of inflammatory
factors and causing certain obstacles to the treatment and
recovery of patients [7, 8]. After micro-implant anchorage
treatment, patients are prone to periodontitis if they do not
pay attention to their oral hygiene. Periodontitis leads to
the destruction of the support tissues of teeth, reducing the
effect of orthodontic treatments [9, 10]. Thus, the clinical
program should be improved to prevent the occurrence of
periodontitis.
Cefaclor, a semisynthetic cephalosporin, has the character-
istics of good absorption and widespread distribution in the
body, indicating that it can act on multiple organ systems
within the human body [11]. Currently, cefaclor is common
in the clinical treatment of respiratory tract infections, bac-
terial enteritis, periodontitis, and other diseases, with good
anti-inflammatory and antibacterial effects [12]. However,
there are few studies on the use of cefaclor in micro-implant
anchorage. To assess the efficacy of this entity, this study
collected the clinical data of 105 orthodontic patients in
First People’s Hospital of Yongkang City.
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Fig. 1. Flowchart of study design. PLI, plaque index; GI, gingival index; SBI, sulcus bleeding index.

Materials and Methods

General Data

Orthodontic patients who underwentmicro-implant anchor-
age in First People’s Hospital of Yongkang City from July
2019 to January 2022were selected as the research subjects.
This study retrospectively selected 105 orthodontic patients
who underwent microimplant anchorage. Patients were cat-
egorized into test and control groups based on the treatment
available in the case system. This study was in line with the
Declaration of Helsinki (2013) [13]. This study has been
approved by the institutional ethics committee of First Peo-
ple’s Hospital of Yongkang City (approval No.: 20190503),
and all patients provided written informed consent. The in-
clusion criteria were as follows: (1) patients were diagnosed
by oral assessment and imaging examination and underwent
micro-implant anchorage; (2) patients had a positive spirit
and volunteered to cooperate for the duration of the study;
and (3) patients had good oral hygiene, without oral ulcer.
The exclusion criteria were as follows: (1) patients with a
history of orthodontics; (2) patients with heart, lung, and
other important organ diseases; and (3) patients with blood
and endocrine system diseases. The flow chart of the study
design is shown in Fig. 1.

Surgical Technique

Patients in both groups underwentmicro-implant anchorage
using the Vector TASTM Mini-Screw implant anchorage de-
vice [model: 8 mm × 1.4 mm; National Medical Products
Administration [NMPA] (I) approval No.: 20173631800,
Ormco, Brea, CA, USA]. All patients were treated by
dentists within the same group of practitioners, and the
surgical procedure was as follows. (1) For oral clean-
ing, 0.1% cetylpyridinium chloride (NMPA approval No.:
H20010753; specification: 200 mL/bottle; manufacturer:
Hangzhou Minsheng Pharmaceutical Co., Ltd., Hangzhou,
China) was used for gargling, and lidocaine (NMPA ap-
proval No.: H34020932; specification: 5 mL:0.1 g/branch;
manufacturer: Anhui Changjiang Pharmaceutical Co., Ltd.,
Wuhu, China) was used for local infiltration anesthesia in-
side the oral cavity. (2) The specific position and shape
of each patient’s tooth root were examined, and the tooth
to be implanted with the micro-implant was separated by
brass wire. The implanting angle and depth were evalu-
ated, and the implantation site was marked to ensure the
normal structure of the adjacent teeth at this site. (3) Af-
ter cutting the mucosa of each patient’s alveolar membrane,
the micro-implant was implanted. Dentists avoided caus-
ing damage to alveolar soft tissues during this process. If
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Table 1. Comparison of clinical data in both groups.
Projects Test group (n = 51) Control group (n = 54) χ2/Z p

Age, years, median (IQR) 21.00 (19.00–23.00) 21.00 (16.00–23.00) –0.487 0.626
BMI, kg/m2, median (IQR) 22.24 (20.12–23.31) 21.59 (20.21–23.57) –0.899 0.368
Sex, n (%) 0.062 0.804

Males 22 (43.14) 22 (40.74)
Females 29 (56.86) 32 (59.26)

Types, n (%) 0.070 0.966
Insufficient gap 20 (39.22) 20 (37.04)
Supplemental teeth 16 (31.37) 17 (31.48)
Anomalies of eruption 15 (29.41) 17 (31.48)

Clinical manifestations, n (%) 0.151 0.928
Anterior protrusion of arch 32 (62.75) 32 (59.26)
Teeth not covered by lips 15 (29.41) 17 (31.48)
Others 4 (7.84) 5 (9.26)

Educational level, n (%) 4.217 0.377
College and above 13 (25.49) 15 (27.78)
Senior high school 22 (43.14) 21 (38.89)
Junior high school 15 (29.41) 12 (22.22)
Primary school 1 (1.96) 4 (7.41)
Illiteracy 0 (0.00) 2 (3.70)

Residence, n (%) 0.006 0.938
City 24 (47.06) 25 (46.30)
Countryside 27 (52.94) 29 (53.70)

BMI, body mass index; IQR, interquartile range.

the implant could be attached to the gingiva, there was
no need for a mucoperiosteal flap. (4) After completing
these steps, the tooth tip was photographed (instrument:
Digital dental panoramic X-ray system; model: Cranex-
DPPI; manufacturer: Finland Soredex Company; address:
Tuusula, Finland) to determine the relationship between
the implant anchorage and the tooth root. Routine anti-
infection treatment was performed in the absence of abnor-
malities. Patients orally took amoxicillin capsules [NMPA
approval No.: H51021734; specification: 0.25 g (counted
by C16H19N3O5S), manufacturer: Sichuan Pharmaceuti-
cal Inc.; Chengdu, China] for 5 days, tid, at 0.5 g/dose. At
the end of treatment, patients were advised to revisit the
hospital once a month, replace the chain-shaped elastics in
a timely manner, and take them out after 2 years of contin-
uous treatment.
In this study, patients in the test group were treated
by oral administration of cefaclor (NMPA approval No.:
H20033599; specification: 0.25 g × 12 tablets; Suzhou
Chung-HUA Chemical & Pharmaceutical Industrial Co.,
Ltd., Suzhou, China) for 7 days, tid, at 0.25 g/dose.

Observation Indices
Clinical Data

Clinical data of patients in both groups were collected and
compared, namely age, body mass index, sex, types of dis-
ease, clinical manifestations, educational level, and resi-
dence.

Related Index of Periodontium

The plaque index (PLI), gingival index (GI), and sulcus
bleeding index (SBI) in both groups were collected 1 day
before treatment and 1 week after treatment. (1) PLI is
defined as the mean value of the orthodontic plaque index
and lingual plaque index in the patient’s labial (buccal) sur-
face [14]. PLI was calculated as the sum of scores of each
tooth/number of teeth examined per person. Scoring stan-
dards were as follows: complete removal of plaque in the
detection area was recorded as 0 points; the coverage area
of plaque in the detection area<1/3was recorded as 1 point;
1/3 to 2/3 was recorded as 2 points; >2/3 was recorded as
3 points; and complete coverage of plaque in the detection
areawas recorded as 4 points. A lower score indicated a bet-
ter clearance of plaque than a higher score. (2) GI is defined
as a gingival condition observed by a blunt-headed peri-
odontal probe combined with visual inspection. In patients
with GI, the change in the color and quality of gingiva and
the tendency of bleeding were examined [15]. The mean
values of four tooth surfaces, namely themiddle labial (buc-
cal) papilla, distal middle labial (buccal) papilla, median
labial (buccal) margin, and lingual gingival margin of each
tooth were calculated. Scoring standards were as follows:
gingival health was recorded as 0 points; mild gingival in-
flammation, showing mild changes in gingival color and
mild edema with no bleeding on probing, was recorded as
1 point; moderate gingival inflammation, showing red gin-
giva, edema, bright, and bleeding on probing, was recorded
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Table 2. Comparison of PLI, GI, and SBI scores between the two groups after treatment.
Parameter Test group (n = 51)° Control group (n = 54)° Z p

PLI
Before treatment 1.38 (1.26–1.58) 1.42 (1.30–1.56) –0.378 0.705
After treatment 1.47 (1.31–1.47)∗ 1.68 (1.47–1.86)∗ –4.630 <0.001

GI
Before treatment 1.09 (0.99–1.17) 1.11 (0.98–1.20) –0.443 0.658
After treatment 1.15 (1.02–1.24)∗ 1.32 (1.14–1.51)∗ –4.922 <0.001

SBI
Before treatment 1.54 (1.44–1.86) 1.65 (1.43–1.84) –0.266 0.790
After treatment 1.68 (1.63–1.76)∗ 2.05 (1.99–2.09)∗ –8.833 <0.001

°All values are expressed as median (IQR) points.
Compared with the same group before treatment. * indicates a significant difference, p < 0.05.
PLI, plaque index; GI, gingival index; SBI, sulcus bleeding index.

Fig. 2. Comparison of PLI, GI, and SBI scores in both groups before and after treatment (median [IQR] points). (A) Comparison
of PLI, GI, and SBI scores in both groups before treatment. (B) Comparison of PLI, GI, and SBI scores in both groups after treatment.
*** indicates a significant difference, p < 0.001. PLI, plaque index; GI, gingival index; SBI, sulcus bleeding index.

as 1 point; and severe gingival inflammation, manifested as
obvious redness and swelling of gums or ulcers, and the ten-
dency of automatic bleeding, was recorded as 3 points. A
lower score indicated that patients had better gingival health
than those with a higher score. (3) SBI is defined as the
bleeding of the gingival sulcus by a blunt-headed periodon-
tal probe [16]. The scoring standards of SBI were identical
to those of GI, ranging from 0 points to 3 points. A lower
score indicated that patients had less gingival sulcus bleed-
ing than those with a higher score.

Serum Inflammatory Markers

In brief, 1 day before treatment and 1 week after treat-
ment, 4 mL of peripheral venous blood was collected
from patients in both groups, placed in the BIOBASE
centrifuge (model: TGL-16M; manufacturer: BIOBASE
Group; Jinan, China), and centrifugated at 3500 r/min
for 10 min. The supernatant was obtained and stored
in a freezer at –80 °C. The levels of interleukin-1β (IL-
1β), interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-
2 (IL-2), and tumor necrosis factor-α (TNF-α) were mea-
sured by enzyme-linked immunosorbent assays. The
reagent kits of IL-1β, IL-6, IL-8, and IL-2 (serial No.:
LM19773, LM33910, LM43272, LM65145) were pur-
chased from Shanghai Lianzu Biotechnology Co., Ltd. (ad-
dress: Shanghai, China), and the TNF-α reagent kit (se-

rial No.: RJ23641) was procured from Shanghai Ren Jie
Biotechnology Co., Ltd. (address: Shanghai, China). The
assays were carried out according to the manufacturers’ in-
structions.

Complications
The adverse reactions of both groups were recorded dur-
ing the treatment, and they included oral inflammation, oral
infection, oral discomfort, tooth mobility, gastrointestinal
system damage, and soft tissue edema.

Statistical Analysis
The SPSS 26.0 statistical software (IBM, Armonk, NY,
USA) was used to process the data in this study, and Graph-
Pad Prism 7 (GraphPad Software, San Diego, CA, USA)
was adopted to generate the graphs. The categorical vari-
ables were detected by χ2 test, indicated by [n (%)]. The
normal distribution of continuous variables was detected by
the Shapiro–Wilk test. Mann–Whitney U test was used to
compare the data between groups that did not conform to
the normal distribution, and Wilcoxon signed rank test was
adopted for intra-group comparisons. Those not conform-
ing to the normal distribution were indicated by M (P25,
P75). The difference was statistically significant when p <

0.05.
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Table 3. Comparison of serum inflammatory factor levels before and after treatment in both groups.

Parameter Test group (n = 51)° Control group (n = 54)° Z p

IL-1β (pg/mL)
Before treatment 8.92 (6.57–10.34) 8.15 (5.65–10.49) –0.587 0.557

After treatment 1.40 (1.25–1.53)∗ 1.94 (1.78–2.20)∗ –8.804 <0.001

IL-6 (pg/mL)
Before treatment 8.96 (6.52–11.12) 8.56 (7.01–10.36) –0.154 0.878

After treatment 1.55 (1.45–1.65)∗ 3.16 (2.94–3.34)∗ –8.830 <0.001

IL-8 (pg/mL)
Before treatment 17.25 (15.25–20.35) 17.10 (14.82–19.44) –0.660 0.509

After treatment 7.05 (6.78–7.31)∗ 8.80 (8.26–9.15)∗ –8.829 <0.001

IL-2 (µg/L)
Before treatment 1.63 (1.34–1.81) 1.53 (1.35–1.81) –0.308 0.758

After treatment 4.71 (4.37–5.03)∗ 4.02 (3.84–4.13)∗ –8.384 <0.001

TNF-α (µg/L)
Before treatment 6.10 (5.75–6.27) 6.03 (5.85–6.25) –0.741 0.459

After treatment 3.67 (3.21–4.33)∗ 5.12 (4.79–5.37)∗ –8.746 <0.001

°All values are expressed as median (IQR).
Compared with the same group before treatment. * indicates a significant difference, p < 0.05. IL-1β,
interleukin-1β; IL-6, interleukin-6; IL-8, interleukin-8; IL-2, interleukin-2; TNF-α, tumor necrosis factor-
α.

Table 4. Comparison of patients’ complications in both groups.

Complications Test group (n = 51) Control group (n = 54) χ2 p

Oral inflammation 1 (1.96) 1 (1.85) - -

Oral infection 1 (1.96) 2 (3.70) - -

Oral discomfort 2 (3.92) 3 (5.56) - -

Tooth mobility 1 (1.96) 1 (1.85) - -

Gastrointestinal system damage 1 (1.96) 0 (0.00) - -

Soft tissue edema 0 (0.00) 2 (3.70) - -

Others 3 (5.88) 1 (1.85) - -

Total 9 (17.65) 10 (18.52) 0.013 0.908

All values are expressed as n (%).

Results
One hundred and five patients were included in the study,
(44 males and 61 females (median age 21 [15–25] years),
51 in the cefaclor group and 54 in the no cefaclor group.

No Significant Differences were Observed in Clinical Data
between the Two Groups
There were no significant differences in patients’ clinical
data between the test group and control group (p > 0.05;
Table 1).

PLI, GI, and SBI Scores were Higher in Both Groups after
Treatment
Before treatment, there were no significant differences in
PLI, GI, and SBI scores between the two groups (p> 0.05).
After treatment, the PLI, GI, and SBI scores of the two
groups were higher than those before treatment (p < 0.05),
but the scores were lower in the test group compared with
the control group (p < 0.001; Table 2, Fig. 2).

Serum IL-1β, IL-6, IL-8, and TNF-α Levels were Lower in
Both Groups after Treatment
Before treatment, there were no significant differences in
serum inflammatory marker levels between the two groups
(p > 0.05). The levels of serum inflammatory factors in
the two groups significantly improved after treatment (p <

0.05). After treatment, the levels of serum IL-1β, IL-6, IL-
8, and TNF-α were lower in the test group than those in
the control group, and the IL-2 level was higher in the test
group (p < 0.001; Table 3).

No Significant Difference in the Incidence of
Complications was Observed between the Two Groups
The total incidences of complications in the test group and
the control group were 17.65% and 18.52%, respectively,
and there was no significant difference in the incidence of
complications between the two groups (p > 0.05; Table 4).
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Discussion
Orthodontics can treat insufficient tooth space, supernu-
merary teeth, and abnormal eruption, and can improve an-
terior protrusion of the arch, teeth not covered by lips,
and other symptoms, thereby improving general facial fea-
tures [17, 18]. In recent years, with the rapid develop-
ment of economies and the increase in living standards,
individuals have begun to focus on facial beauty and oral
health [19]. However, conventional orthodontic treatments,
with complex wearing processes, require high compliance,
and most treatments are simply uncomfortable. Therefore,
these methods do not meet the current needs of oral treat-
ment [20, 21]. Continuous developments in materials sci-
ence offer new treatment breakthroughs for orthodontics,
one of which is micro-implant anchorage. Micro-implant
anchorage reduces damage to patients’ oral tissues, such as
teeth and gums, and the flexible implanting area improves
comfort and stability in those receiving orthodontic treat-
ment. The micro-implant anchorage is recognized as an
effective method by dentists, hygienists, and patients [22,
23]. In addition, previous studies have reported that con-
ventional anchorage devices increase the difficulty of daily
oral cleaning for patients, and they are prone to residue de-
position which leads to bacterial growth and proliferation
[24, 25]. In the long run, these residues damage the gums
and even cause enamel decalcification. The micro-implant
contributes to the maintenance of a healthy and clean oral
environment, avoids damage of gums and enamel, protects
masticatory function, and exerts a significant orthodontic
effect. However, a previous study has found that the micro-
implant anchorage can still damage a patient’s gums and
alveolar mucosa, resulting in increased levels of inflam-
matory factors [26]. Without effective intervention, micro-
implant anchorage may cause infection, gingivitis, and pe-
riodontitis, resulting in poor efficacy. As a broad-spectrum
and semisynthetic cephalosporin, cefaclor can inhibit the
synthesis of the bacterial cell wall. After oral administra-
tion, cefaclor is rapidly absorbed from the intestinal tract
and delivered to the tissues, thus playing antibacterial and
anti-inflammatory roles.
Patients in the test group took cefaclor orally during treat-
ment. The results of this study showed that PLI, GI, and
SBI scores were lower in the test group after treatment than
in the control group, suggesting that combined treatment
can improve the periodontal health of patients. After mea-
suring the inflammatory marker levels in all patients, this
study found that the levels of serum IL-1β, IL-6, IL-8, and
TNF-α were lower in the test group than those in the con-
trol group, and the IL-2 level was higher in the test group,
consistent with the findings of earlier studies. Furthermore,
a series of protective responses are caused by trauma in the
local tissues of orthodontic patients, including pain, fever,
and other symptoms, which are not conducive to wound
healing [27]. However, cefaclor can alleviate the inflam-
mation of soft tissues and promote the recovery of patients.

In addition to improving masticatory function, orthodontic
treatment can also improve facial attractiveness formost pa-
tients. Themicro-implant anchorage technology can reduce
the influence of patients’ cooperation on the treatment ef-
fect and use the gap of tooth extraction to adduct teeth and
improve facial appearance [28].
This study has some limitations. The study has a small sam-
ple size, and the observation indicators cited in this study
lack objectivity, which may lead to biased results. As a
retrospective study, this study cannot completely rule out
the influence of confounding factors. Thus, the sample size
should be expanded in future studies, and the experimental
design should be improved. Prospective research will be
conducted to control variables strictly, and more objective
evaluation tools will be adopted to obtain accurate research
data and to improve the clinical treatment plan of orthodon-
tics.

Conclusions
Cefaclor and micro-implant anchorage have a good clini-
cal effect on orthodontics in patients with periodontitis, im-
proving periodontal health and reducing the inflammatory
response.
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